H ouon twv urmrepuopiakwyv aAAnAsmdopacewv

O1rwg 1a atoua aAANAETTIOPOUV HE YEITOVIKA ATOMO ME IOXUPEC
QUVAMEIC TTOU ATTOTEAOUV TOUC XNMIKOUG OECOUG £TOI KAl TA
LuopIa AAANAETTIOPOUV PETACU TOUG HECW OIAMOPIKWY
AAANAETTIOPACEWV.
O1 d1apoplakeEC AAANAETTIOPACEIC, OI UN-OMOIOTTOAIKES
AAANAETTIOPACEIC HETAEU TWV POPIWYV Eival N KOAAA TTOU euBUvETQl
YIO TO OXNMATIOPO TWV UTTEPUOPIKWY cuoTNMATWY. OI KUPIOTEPEC
METACU QUTWV gival:
(a) HAeKTPOOTATIKEG AAANAETTIOPACEIS

(10V-10V, 10V-0iTToAO, diTTOAO-OITTOAO)

B) Asopuoi udpoyovou

Y

(
(V)
(0) aAAnAemdpaoelg diaoTTopAC Kal eTTayoueveg (Van der Waals)

AANNAETTIOPAOCEIC KATIOVTOG-TT KAI ETTIOTOIBAyUA TT-TT

(€) YOPOWYOPBIKEC KOl OTEPIKEC AAANAETTIOPACEIC



Iari o1 diauopIakéEC aAAnAsmdpaceIc ival T000
ONMAVTIKES;

«EAv o0 TTOMITIONOG JAC ETTPOKEITO VA KATACTPAYPEI ATTO KATTOIO
KATOKAUOUO Kal 6a uTTopoUCOE VA TTEPACOUPE HOVO JIa TTPOTACN
oTn yevia mou Ba emdouoe autn Ba ATav:

‘Or1 d1auopiakéC aAAnAermdpaoeic mpoodiopilouv Tov TAnBUOUO
TWV QACEWV TNC (UN-UETAAAIKNG) CUUTTUKVWUEVNG UANG, TWV
ATOUIKWV KAl OPIAKWY OUUTTAEYUATWYV KQal TwV BIOUOPIAKWVYV
OUOOWUATWV. »

Richard Feynman in Lectures on Physics



AIAMOPIAKEZ AYNAMEIZ

Kivntikn Mopiakn Oswpia kai epunveia @UOIKWYV ISIOTHTWY TNG UANG

Ay 7 € & ___f::
@ ® ®  Codor |
P o nnmpresa ; Cool
J o | —
@ @ Q 2 | leat or 3¢ Q@ Heat
& ; reduce
," L _a_ ‘. :;? [ressiure M
Gas Liguid Crystalline solid
Eviehdg omodiotetaypéva, AmoolateTarypéva, Aldtoén copatidiov,
APKETOC "KEVOC YDPOG, copotioto 7 opddeg Bpiockovtol o€ KOVTIVESG
GOUATISW OE PEYGAEC COUOTOIOV KIvOOUVTaL LETOED TOVG OTOGTAGELS
LETOED TOVC OMOGTAGELS elevBepa 10 Eva 6€ oYEon KOl OVG1MOMC OE
ue mpn erevdepia ue to dAAo, Bpickovion o KaBopiopéveg BEcelg
Ktvnong KOVTIVOTEPEG ’uaro@’) TOVG
OTTOGTAGELG
KivnTik Evépyela >> Auvapikn
evEpyela AOyw OIaNOPIaKWYV Kivntik Evépyeia ~ Auvauikn KivnTik Evépyela <<
aAANAemdpdoewV (Ilpayuatiko) EVEPYEIQ AOYW DIaNOPIaKWY Auvapikn evépyeia AOyw
(Alapoplakég duvapelic =0 aAANAETIOPAOEWY OlaNOPIaKWY

Ioaviko) aAANAeIdpdoEwV



* H uetatponn aepiov 6e vypo i otepeo amortel va EpBovv ta popla
TOV TANGLEGTEPX TO EVOL GTO GALO
- wién N cvumicon

* H petatponn atepeod 6 vypo 1j aEpio amartel vo 010 OPLoTOVV T
Loplo TOL

- Oépuovon n eAdrrwon micong

Critical
. Eﬂﬂil'll
Liquid
Melling
: Freezing

o Seolid
?.R Vaporization
g
+ Condznsation

A Gas

Sublimation Triple point
c Deposilion

Tempzarature



* O1 duvAuEIC JETACU MOPIWY TTOU CUYKPATOUV Ta OTEPEA KAl TA UypaA
ovoualovTal SIaMOPIaKEC OUVAUEIS

» O1 ouoIoTTOAIKOI dETIOI TTOU CUYKPATOUV T ATOUA OE £va UOPIO Eival
EVOOLOPIAKES OUVAUEIC

O1 O10LOPLOKES OLVAUELS Elvar TTOAD ACOEVEGTEPEC OO TIC EVOOLLOPLAKES
(.. 16 kJ/mol évavti 431 kd/mol yia to HCI)

Otav éva vikd treton 1) Bpdlel ot dtopoplakég dvvauels omdve (cuvnbmg Oyt ot
OLLO10TOAKOT dEGLLOT)

Covalent bond
(strong)

4

Z

’%
/A

Cl

cl YRR R H

\
\
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Intermalecular
aftraction (weaak)



Bonding Forces versus Intermolecular Forces

Basis of Energy
Force Model Attraction (k)/mol)  Example
Bonding
lonic Cation—anion 400-4000 NaCl
Covalent Nuclei—-shared 150-1100 H—H
e pair
Metallic Cations—delocalized 75-1000 Fe

electrons

Intermolecular



Nature of Supramolecular Interactions

Covalent bond energies:

C-0O bond 340kJ / mal 1.43A
C-C bond 360kJ / maol 1.53A
C-H bond 430kJ / mol 1.11A
C=C bond 600kJ / maol 1.33A
C=0 bond 690kJ / maol 1.21A

Compared to most non-covalent interactions these are:
- . Very high energies

- . Very short distances

. Highly dependant on orientation



Nature of Supramolecular Interactions

Driving Forces for the Formation of Supramolecular Structures

hydrophobic interaction =40 kJ/mol
electrostatic interaction ~20 kJ/mol
hydrogen bond interaction 12-30 kJ/mol
van der Waals interaction 0.4-4 kJ/maol
cation — interaction 5-80 kJ/mol
n—n stacking 0-50 kJ/maol

The total inter-molecular force acting between two molecules is the sum of
all the forces they exert on each other.



AIAMOPIAKEZ AAAHAENIAPAZEIX

H Tutmkh evépyeia evog atrAoU opoloTtoAikoU deapou gival yupw ota 350 kJ molt evw n
TIUA Tou TTOAU 0TaBepOoU TPITTAOU deopou oto N, @Bdvel ota 942 kJ mol-2.

O1 diapopIakeES AAANAETTIOPACEIC TTOU CUMMETEXOUV OTO OXNMATIOUO UTTEPHOPIWY Eival
TTOAU 000eVEOTEPEC TWV OMOIOTTOAIKWY OECHWV.

O1 TIgéG Toug KupaivovTal atrd 2 kJ mol yia 1i¢ duvaueig diaotropdc ae 20 kJ mol yia
TUTTIKOUG e poUc udpoyovou kai 250 kJ molt yia aAAnAeTIdpAceIC 1I6VTOC — IOVTOC.

H dnuioupyia kal otaBepdTNTa TWV UTTEPUOPIOKWY OCUCTNUATWY OQPEIAETAI OTO
OUVOUAO O APKETWYV TETOIWV A0BeVWV OAANAETTIOPACEWY TTOU £XEI WG ATTOTEAEOUA TNV
IOXUPN KAl EKAEKTIKA avayvwpIion CUYKEKPIMEVWY CEVICOUEVWV JOPIWV ATTO TOV CEVIOTN.

(a) HAekTpOOTATIKEG AAANAETTIOPACEIG
(16v-10Vv, 16V-0iTTOAO, OITTOAO-OITTOAO)

(B) Aeopoi udpoyodvou

(V) AANNAETTIOPAOEIC KATIOVTOG-TT KAl ETTICTOIBAYUA TT-TT

(0) aAANAeIdpaoEIC dlaoTIOPAC Kal eTTayopeveg (Van der Waals)

(€) YOPpO@OBIKEC Kal OTEPIKEC AAANAETTIOPACEIC



(a) HAeKTpOOTATIKEC AAANAETIOPACEIC
H ¢@uon toug gival eAKTIKES duvapeligc Coulomb TTou avatTuooOVTal HETALU AVTIOETWY
NAEKTPIKWYV QOPTIWV.

O1 aAANAeIdOPAOCEIG I6VTOC — IOVTOC DEV gival KATEUBUVTIKEG (non-directional
interactions).

AvTiOeTa, OTIC TTEPITITWOEIC AAANAETTIOPACEWYV I0VTOC — 8ITTOAOU, TO JITTOAO
euBuypaupicetal kataAAnAa waoTe va emTEUXBEi N BEATIOTN atTddo0on TOU dECHOU.

O1 NAeKTPOOTATIKEC AAANAETTIOPACEIC €ival Ol

I0XUPOTEPOI DIAUOPIOKOI BETHOI Kal aTroTEAOUV @ IIIIIIIII
TTOAUTIUO €PYOAEIO TWV UTTEPHOPIAKWYV

XNMIKWYV YIa TNV €TTITEUEN dUVATAC TTPOODECNC.

YTrapxouv TTOANOI UTTODOXEIG KATIOVTWV 6n>= O8— wm @

(crown ethers, cryptands kal spherands) kai

QAVIOVTWYV (TTPWTOVIOUEVOI ) GAKUAIOMEVOI

polyammonium macrobicycles) 1rou 5+>: O 5 s 5>: 0 5
QVATITUOOOUV NAEKTPOOTATIKEG

AAANAETTIOPACEIC YIA VO CUYKPATACOOUV TO

g EVI CC’)H EVO. g);g;gsfjgfgg(fgu?gﬁé\;gfpc’xoslg IOVTOG-16VTOG, 1GVTOG-



(a) HAekTpooTarikEC AAANAeTIOpACEIC

AANAETIOPATEIC IOVTOC - IOVTOC

H 10xU¢ Tou 10vTIKOU OECUOU €ival CUYKPIOIUN ME QUTIH) TOU OUOIOTTOAIKOU (EVEPYEIQ
deapou = 100-350 kJ mol).

- TUTTIKO 10VTIKO 0TEPEO NaCl: kKuBikd TTAEyua 61Tou KABe Na* KaTiov TTEPIBAAAETAI ATTO £CI

Clt aviovra.

(Oev BewpeiTal WG TUTTIKO UTTEPUOPIOKO cUCTNHA. To aTTAG 10VTIKO TTAEYHA TOU DIEUKPIVICEI TOV TPOTTO E TOV OTTOIO
éva Na* katidv €ival IKavo va opyavwaoel YUpw Tou £€1 CUPTTANPWHPATIKA ATOUA-O0TEC WOTE VA JEYICTOTTOIOUVTAI Ol
MM OMOIOTTOAIKEG AAANAETTIOPACEIC IOVTOG-IOVTOG. ZNPEIWVETAI, OTI QUTOU TOU €i00OUG OI TTAEYUATIKEG OOUEG
atToouVTiBevTal 01O dIAAUMA eCaITiag OpATEwWV dIOAUTWONG TTOU £€XOUV WG ATTOTEAECHA TOV OXNMATIOUO aoTaBwv
OUPTTAOKWYV OTTWG TO oKTAEdpOo Na(H,0)+.)

- 2UMTTAOKO TTOU TTPOCOMOIALEl TTOAU TTEPICCOTEPO OTA UTTEPHOPIOKA CUCTAMATA Eival
auTo TTou oxnMartifetal atrd TNV aAANAeTTIOpacn Tou ¢evioTh: tris(diazabicyclooctane) o
OTTOI0G £XEI POPTIO 3*, JE AVIOVTA OTTWG TO Fe(CN)63' ® (01dNPOKUAVIOUXO -

Ferricyanide)

o/ NRRRRNRRNA: - IRSMPRNSN cl
N ci—: N 3-
# / N
C Na Cl | |
: ! ! M C M
Na---§---t---Cl----f---1---Na %C |4||| Cﬁ’
I
CI L Na -, e
Na Ci Na NF {lz SV
Na Cl Na
/




(a) HAeKTpOOTATIKEC AAANAETIOPACEIC
FrEQMETPIA MOPIOY

* H I'eopuetpia Tov popiov kabopileton amd T1C YOVIEC TV OEGUDV
TOV
e [1.y CCl,: merpapatica Bpiokovue 611 OAeg ot Cl-C-Cl yovieg tov
doecumv eivon 109.5°.
* [V avto 10 LOPLO O0EV UTTOPEL vau Efval EXTITEDO.
* O)o ta. dropo Cl Bpickovtal oTig KopueEg TETPaEdpov e to drouo tov C
GTO KEVTPO TOV.

3 4 Bond

distance,
1.78 A

Bond angle,
109.5

(a) (b)




(a) HAekTpooTarikEC AAANAeTIOpACEIC
FrEQMETPIA MOPIOY

['a va TpoPAEyovue N yeoueTpio TOV HOPIOV GTNPILOUAGTE GTNV
vo0eom OTL Ta NAEKTPOVIA, GOEVOLC ammBovvTal HeETAED TOVG.
Valence Shell Electron Pair Repulsion (VSEPR) theory

[V avtd 10 HOP1O ATTOKTE TETOIN YEMUETPIN MGTE VO EAUYLOTOTTOLE
VTNV TNV ATOOoN.

Linear Bent Trigonal Trigonal
planar pyramidal

T-shaped Square Trigonal Octahedral
planar bipyramidal



(a) HAeKTpOOTATIKEC AAANAETIOPACEIC
Hoiwany Mopiwv

Ta mtoAoueva poplo, GAANAETIOPOVV UE
TOL NAEKTPIKE TTESTOL

2T0 EVTEAWMG GLUUETPIKA LOpLaL (TT.y
BevioAto N a1Bdivio), To KEVTIpa TOL
OeTIKOV KOl TOV APV TIKOD GOPTIOV
cuvumintovy. AAAG vtdpyovv Kot
Hoplo, OTMWS TO LOPLO TOL VEPOV, OOV
70, 000 CVTA KEVTPO OEV GLUTITTOLV,
10, ool AEyeTon OTL ATOTELOVV
NAEKTPIKG, OlTOA.




Hoiwon Mopiwv — HiskTpikny porn

Ta niektpikad dimoia ko yapaktnpilovtol amd TV HASKTPIKY pory
Av 0vo avtifeta poptia g Bpickovton o amdcTOcT I, TOTE 0pILETOL OC NAEKTPIKN
POTY] TO OLAVLGLLO, P:
pP=ar

Ko £xel €€ opiouod eopd. amd 1O ApPVNTIKO POPTIO TPOC TO BETIKO.

AITTOAIK) POTTH) O€ TTOAUATOMIKG HopIa

*q € VoL TOAVOTOUIKO LOP1o KAOE 0GOS UmopEl va
r etvan dimoAo.
q O TPOGAVATOMGUOC OVTOV TV EMUEPOVG
-q dimoAwv kabopilet edv vTdpyet Kol TOoN ivon 1
OUTOAIKY] pOTY) Y1t OAO TO LOPLO GLVOALKAL.

Otav ta popio wov dev dabétovy poviun nAektpikn ponn Ppebovv kdtw amd v
enidpaon NAekTpikoL mediov, T OETIKA Ko apvnTIKA PopTia peTatomilovtal
KaTd avtifeTeg POPES, TO KEVIPO TOVE TOHOVV VO GUUTITTOVY Kol £TCL EXLAYETAL
€K UEPOVC TOV TTEDIOL NAEKTPIKY| POTY).



Iapaociypa: oto CO, ownhekrpukés pomwés Tav C-O givar avrtifeTeg Ko
avoLPOUVTAL ETELOT TO pOpLo gival ypoppko. Xto H,O, o niektpikéc pomég
H-O dgv avoupovvtor £xe1dn To popro Avyiler .

Carbon Dioxide

Wat
ater co,

H,0

Net dipole
moment

Overall
dipole
moment

Overall dipole moment = 0



HAEKTPIKES POTEC TOAVUATOULKOV LOPLOV

Polar

Nonpolar Nonpolar Polar



HAEKTPIKO AINMOAO ZE OMOIENEZ HAEKTPIKO MNMEAIO
M

A

2.€ OiTToAo TTOU B0 BPeBei o€ OPOYEVEC NAEKTPIKO
medio evrdoews E aokeital {euyog duvauewy

F KABe pia atrd TIC OTTOIEC €ival:
+Q
0 F=qE
lf 0 ME ATTOTEAECUA N UNXAVIKA POTIN va €ival:
/ M=rxF=rxgE=qrxE
_q F

M=pxE

Y16 TV €midpaon TnG unxavikng potr¢ M 1o ditroAo ytropei va oTpagei katd
oTOoIXEIWON Ywvia dp, oTToOTE TTAPAYETAI OTOIXEIWOES £PYO:

dW = Mdg
[a TTeTTEPACTUEVN METABOAN TO TTAPAYOUEVO £PYO €ival:

¢ ?
W = [Mdo = [pE(nue)de = pE[(- cuvp)— (- cvve, )] = pE (ouve , — cuve )
(pO (PO
OTToU @, Ywvia TTou opilel yia B€on avag@opdg yia 1o ditTroAo. Qg TEToIa PUTTOPEI Va
opIoOEi N ywvia yia TNV OoTToia N NAEKTPIKN POTTN €ival KABETN TTPOC TNV £VTAON TOU
NAEKTPIKOU TTEdioU oTToTE p,=90° KaI auvP,=0. TOTE:
W = -pE ocvve



To €pyo auTo aTToTAMIEUETAI OTO OITTOAO PE TN HOP®PI OUVAMIKAG EVEPYEIAC
U=-p.E (2.3

[a @=0, Ta diavuoparta E kai p gival TTapAdAAnAa, n duvauikni evépyela gival
aApVNTIKA KOl TO oUCTNUa BPIioKETAlI 0€ KATAOTAOT €UOTABOUC ICOPPOTTIAC, EVW VIO
¢=180°, Ta diavuouata E kai p givar avTirapdAAnAa, n duvauikni evépyela gival
OETIKN KAl TO OUOTNUA €ival 0€ KATAOTAON A0TABOUC I00pPOTTIAC.

HAEKTPIKH POIMH E= ENAINQIrHz

2.€ TTapa TTOAAG popia, ottwg Cl,, H,, Bev{OAio, AOyw ouppeTpiag dEV UTTAPXOUV
MOVIMEC NAEKTPIKES POTTEG, OTTWC NON avapEPBnKe, AAAG ATTOKTOUV NAEKTPIKNA
POTTA €€ eTTAYWYNG OTaV BPeBOUV YEoa O€ NAEKTPIKO TTEDIO EVTIAOEWC E, n oTToia
givai:

p=ag E
To HEYEBOG O TTOU UTTEICEPXETAI OTH OXEON AUTH €ival oTaBepa
XOPOKTNPIOTIKI) TOU HOPIOU KAl OVOHAZETAI CUVTEAECTHG TTOAWOEWCG.

'Eva tétoto uopio Loirov, mov dev mapovaeidlel uoviun NiEKTPIKY
pomn, otay Bpelci 6TO0 NAEKTPIKO TEDIO KATOLOV HOVIHOV HAEKTPIKOD
017000, ENPavIEl NAEKTPIKN porth E EXAYwYNC.




AYXKHYXH

‘Eva popro vepov (H,0) og aépra Kataotaon epeoviCel NAEKTPIKT| OUTOAMKT)
pom p =6,2 X 1030 C-m.

1) [Toon amdctaon ympilel To KEVIpO OETIKOD KO 0PVNTIKOD (POPTIOV GTO
HOp10;

Ii) EGv to popio tonobetndei oe nhektpikod medio E = 1,5 x 104 N/C woon
glvor 1 LEYIGTN POTN OV TO TEOIO UTOPEL VO ALOKNGEL GTO HOP10;

1) I16c0 givan T0 £pyo mov wpémel vo damavnOel dote Bewpivtog apyikd
TO0 LOp1o evbuvypauuicuévo pe to medio (0, = 0) va meplotpopel Katd
180°.

(poptio niextpoviov € = 1,6 X 101° C)

apy

AITANTHXH

*  Yrdpyovv 10 niextpovia ko 10 TtpwtodVIa 6TO HOP1O

p  6.2x107%°C-m

— = :39 10_12m :39 m
10e 100L6x107°C) P

p=q-d=(10e)d)=d




1) Méyiotn ponn 6tav 6 =90° (M =p X E)

M = pEnud =(6.2x10°C -m)L.5x10* N / C [:90°)
=9.3x10"*°N -m

i) A” TPOIIOZ
0 0

W = jl\/ld@ = _[ pEd (~ovv0) = (- pEcvvé)— (- pEcvv,) = pE(ovvé, — cvvé)
0, 6,

180° 180°

W = [Md6 = [pEnuddo = pE(ovv0-ovv180°)=2pE
0 0
W =2(6.2x10°C -m)1.5x10*N /C)=1.9x10 > Joule

B’ TPOIIOX: "Epyo = 010pop& OLVAUIKNG EVEPYELNG LETACD TV DEcE®V
0 =180° ka1 0 =0°
W = U(180°) — U(0°) = (-pEcvv 180°) — (-pEcvv0°) = 2pE = 1.9 x 10-2° Joule



NMOAQZH AIHAEKTPIKOY — HAEKTPIKH ENMIAEKTIKOTHTA

Ovopddetal TTOAWON dINAEKTPIKOU P, N NAEKTPIKA pOTT) dp TNV OTToia TTAPOUCIAlEl
oToIXEIWONG OYKOG dV TOU dINAEKTPIKOU OIG TOU OYKOU auToU.

_dp
- dv

H 1moAwon ouvoEeTal PE TTETTEPACUEVO TUNUA TOU OINAEKTPIKOU KAl yIia TOV AOYO
QUTO €ival YaKPOOKOTTIKO UEYEBOC, eV N NAEKTPIKN POTTH XapaKTnpifel Tov idlo ToV
OOMIKO AiBOo Kal ETTOPEVWG EivVal UIKOOOKOTTIKO. 2UVABWG £va OINAEKTPIKG dev
TTapouaIAdel TTOAWGON YIATI O TTPOCAVATOAIOHOG TWV JITTOAWV Eival TUXaiog. Av
OMWC Bpebei 0TO EOWTEPIKO NAEKTPIKOU TTEdiOU, TA POVIUA ) ETTAYOMEVA OITTOAA
TTpoagavaToAidovTtal TTapAAANAQ TTPOG TIC QUVAUIKES YPAMMES TOU TTEDIOU Kal
eM@aviCeTal TTOAwON avaAoyn TNG eVvTAoewg E:

P=x.E
OTTOU X, OTOOEPA, N NAEKTPIKA ETTIOEKTIKOTNTA TTOU £CAPTATAI ATTO TO UAIKO, TN
Bepuokpaaoia kal Tnv idia TNV évraon E.




(a) HAeKTpOOTATIKEC AAANAETIOPACEIC

Alnlemdpaceic 16vrog - dimolov (50 — 200 kJ mol-)

* H ioyvpdtepn amd OAEC TIC OLOUOPLUKESC OVVALELS

e H evépyeta Tov 0eGLOD OTNV TTEPITTMOGT AT LITOAOYICETOL OTL
glval avAAOY™ TOV TETPAYOVOVL TV UEYEODOV P Kot J, avVTIGTPOP®G
avaroyn g Oeppokpaciog T kol avtioTpOP®S avarloyn g Tpitng
OVVAUEMC TNC ATOGTAGEWMG ' LETOCL TOV P Ko J:

2 2
U= D q3
Ir

* H avtictoym ovvaun eivor avtioTpOP®S AvVALOYN TNG TETAPTNG
OVVAUEMG TNG OTTOGTAGENG I.




EAxtucéc ovvapelc petacv 10vtog Kol OutoAov

(b)




(a) HAekTpooTarikEC AAANAeTIOpACEIC

Alnlemdpaceig 16vrog - dimolov (50 — 200 kJ mol-)

Eival TTapouolol e Toug dEoPOUC TToU gugavifovTal OTIC EVWOEIC OUVTALNS
(oUPTTAOKA 1) EVWOEIC OCUVAPNOYAG) TNS avopyavng XNUEIag Kal apopouv Kupiwg
0€ METAAAIKA 1OVTQ.

2.€ QUTA Ta CUUTTAOKQ, MEPIKES PATEIC KATA Lewis TTpoo@épouv (donors) Ta eAeUBepa
euyn NAEKTPOVIWV TOUG 0€ METAAAIKA KATIOVTA TA OTTOia dPOUV aav 0&Ea KATA
Lewis kal dExovTal Ta nAEKTpOvIa (acceptors).

O1 evwaoelg ouvtagng mou oxnuartidovral ovoualovral Kal CUPTTAOKA aUVTAgnG evw Ol
00TEC NAeKTPOViWV ovopalovtal TTpoodETeS (ligands).

L



(a) HAeKTpOOTATIKEC AAANAETIOPACEIC

Alnlemdpaceig 16vrog - dimolov (50 — 200 kJ mol-)

Mapadeiypa TETOIWYV AAANAETTIOPACEWY ATTOTEAEI O TPOTTOC UE TOV OTTOIO «OEVETAI» TO
KaTiov Na+ o€ €¢I popia vepou Katda tn didAuon tou NaCl o€ vepd OTTwg
ava@Eponke otnv § ‘aAANAETTIOPATEIC IGVTOC-IOVTOC .

Tnv idla ouvTtagn akoAouBei To Na+ Kkabwc TTpoodévetal oTa £€1 oEuyova OOTEC TOU
TTPOCOETN 18-kKopwVIo-6 aTéupa aiBépa (18-crown-6 ether ligand).

2.€ KAOe TTepITTTWOoN Ta €AgUBepa (euyn NAEKTPOVIWV EAKOVTAI ATTO TO BETIKO POPTIO
TOU KATIOVTOC.

Ereidn n uon Twv deouwyv ouvTacng ivai n idia JE auTh TWV OUOIOTTOAIKWY OECUWV

N OIAKPION METAEU UTTEPHOPIAKWY KAl JOPIAKWY EVWOEWYV OEV gival Eekabapr) o€
QUTEG TIG TTEPITITWOEIG.

CiH, 0) 0
H,0 | aﬂ‘:"": [ Na j
" .

H.O | OH. O O
© OH, k./ﬂ\/l
(o) (1))
INa(OH,).]* Na(18-crown-6)]*

Na* crown ether complex



(a) HAekTpooTarikEC AAANAeTIOpACEIC

Ardnlemidpaceis oimolov — dimolov (5 — 50 ki mol)

£ %Mﬂm e EugoaviCovtor eAKTIKEC Kol ATOOTIKEG OVVALELS
s i KaODC 0 TPOGAVATOAGUOC TV OITOA®V €lval
. TUYOLOG KOl TO, LOPLOL KIVOUVTOL GLVEYMG.
Attraction KOG HOP K05
Repulsion - - - - - e T 000 popla pe 1o oo péyebog ko pala ot

AAANAETOPAGELS OUTOAOV — OIITOAOV AVEAVOVTOL
LE TNV aOENGT TNC NAEKTPIKNC POTTC.

e Avpl kot P2 o1 NAEKTPIKES POTES OVO TETOLWMV
Hopimv, N evépyela TOV OEGLOV LITOAOYILETAL:

yo_ 2.1 pfp%
3 4ne, KIr

oMoV I' 1 amOGTUCT) LETAED TV 00O OTOA®Y, T
N anoAvTn Oeppokpacia, €, 1 OINMAEKTPIK
otafepd TOL KEVOD Kol K 1 otafepd Tov
Boltzmann




(a) HAekTpooTarikEC AAANAeTIOpACEIC
Aldnlemidpaaoeic dimolov — dimdlov (5 — 50 kJ mol?)

2 NUAVTIKEG EAKTIKEG OUVANEIC JTTOPOUV VA TTPOKUYOUV aTTo TNV KATAAANAN euBuypduuion
EVOG I TTEPICCOTEPWY OITTOAWYV TTOU BPiOKOVTAI O€ YEITOVIKA POpIa. ‘Eva KaAd
TTaPAdEIYHA YIa AAANAETTIOPACEIC AUTOU TOU £i0OUG ATTOTEAOUV Ol KETOVEG AV Kal TO
XAMNAG onueio Bpaocuou Toug Beixvel 0TI oI AAANAETTIOPACEIC QUTEG Eival OXETIKA
aoBeveic.

Qo + -
[ P
R""""'"-r--u..._ o e & R_,.--"""' P 1
Rf.—-‘ T = E E Rr
.f\ é:fi...ﬂ-mﬂ““
H T—
R™ R 5 o R

AANNNAeTTIOpACEIC DITTOAOU — DITTOAOU O€ OpyavIKA KapBovuAia.



AIAMOPIAKEZ AAAHAETIIAPAZEIZ

(a) HAekTpooTaATIKEG AAANAETTIOPACEIC 10V-IOV, 10V-OITTOAO, DITTOAO-OITTOAO)

(B) Acopoi udpoyodvou
(Y) ANNAETIOPACEIG KATIOVTOG-TT KOI ETTICTOIBayua TT-1T
(O) aAAnAeIOpAOEIG dlaoTTOPAC Kal eTTayoueveg (Van der Waals)

(€) YOPOoWoBIKEC KAl OTEPIKEC AANNAETTIOPATEIC



(B) Asouoc Yopoyovou (4 — 120 kJ mol)
Hlextpootatikés oAnAemIopo.oeis O1moA0D — O1TOAOD
AEXMOZ YAPOIONOY

e E10u mepintmon ouvape®mv o1mOAOL - OUITOAOV.

o Tleipapa: Ta onueia CEoemc evacewv pue H-F, H-O, ko H-N decpotc eivan
laitepa vynAd. — Ot StpoplakEG SLVALELS Efval 1010UTEPA 1OYVPEG.

e O 0ecudS VOPOYOVOL gpPaviCeTal peTald pog opadag A-H evog popiov Kot tov
atouov B tov wiov 1} aAdov popiov, vd v TpodmdOeon ot T dtopa A ko B
etvar 16yvpd NAeKTpapvNTIKA, 0OTE 1| opdoa A-H gppaviCel moAtkotnTO, Yot
70 dTouo A €AKEL TPOG AVTO TO NAEKTPOVIO TOV OLOLOTOAIKOV OEGLLOV, LE
ATOTEAEG LA VO, GYNUATIOTEL EVOL OTTOAO TNC LOPPNC:

-A - H*
H napovcio Tov nAektpopvntikod atopov B €xel oc anmotédesua tnv epedvion
NAEKTPIKNG POTNG GTO LOPLO. Y TTEPYOLY AOITOV 0V0 NAEKTPIKE dimoAd Kl
LETAED OTOV EULPAVICETOL NAEKTPOGTATIKT EAET, Y1OTL TO VOPOYOVO EAKETAL KOl

amd ta 0vo atoua A kot B, pe amotélecpa Tov oynuUOTIGUO EVOG E100VC YEPULPOG
N omoia ovoudleton YEQupa ) 0EGUOS DOPOYOVOU.

R—~A—-H"..B"-R}



(B) Asouoc Yopoyovou (4 — 120 kJ mol)

- H ovouoacia “yépupa’” opeiletal 6T0 OTL TO ATOUO TOV VOPOYOVOL
“ocuvoéel” ev gidel YEpupag ta dtoua A kol B, ta onola Bpickoviol o€
CNUOVTIKA WKPOTEPT OTTOGTACT OO TNV UVTIGTOLYT TOL EUPAVICET
GTNV TEPIMTOOT TOV OEGUOV OTOAOV-OITTOAOV.

* Av t0o atopo A Kot B givar oSuyova 1 atoctoon A...B gival
netato Tov 2.7 kot 3A, evd n anéotacn H...B yopo ota 1.8 A. Ta
dtoua A ko B umopel va giva, ekto¢ amd oSvuyovo, almto, Beio,
aAOYOVO, K.AT (TAVTMOC NAEKTPUPVITIKA).
* Ta niextpovia otov deaud H-X (X = niektpopvntikd ototygio)
Bpioketal eyyvtepa Tov X and 0Tl 6T0 H.
* To H &ye1 povo éva niekrpovio, étor otov H-X deopd, to 6+ H
gival éva oeodv "youvo” p@Tovio Tpog to 0- X. I'a Tov Adyo
gVTO Ol OEGHOL VOPOYOVOV EUPAVICOVTOL LOLULTEPO LGYVPOL.



(B) Asouoc Yopoyovou (4 — 120 kJ mol?)

H onuacia Tou dsocpou udpoyovou

I016TNTEG TOU VEPOU OE CUYKPIOT HE AAAEG EVWOEIS TTAPOOIOU HOPIOKOU
Bapoug
Evwo Mopiako 2nueio 2nueio OeppdTNTA ECATHIONG
n Bdpog TRASEWG (°C) {éoewg (°C) (kj/mol)
CH, 16.04 -182 -162 8.16
NH, 17.03 -78 -33 23.26

H,S 1 34.08 | -86 | -61 | 18.66 |




AEZMOI YAPOIONOY - T'IATI ENINAEEI O NAIroz
» Ta oteped etvar GuVNB®C TEPIGGOTEPO GLUTIEGUEVA OTTO TOL LYPA
e IV ovto T0 6TEPEA £V TLKVOTEPQ OTTO TA LYPA
e Y10V Tdyo T LOPLL VEPOD OLOTAGCOVTOL £TGL MGTE VO, BEATIGTOTO0VVTAL EVEPYELOKA.
01 dec ol VOPOYOVOL
» KdOe dtopo o&uyovov otov mdyo mepifdireton teTpoeopikd amo 4 dAla. Ascuol
VOPOYOVOL GLVOEOLY KABE Cevydpt atoumy o&uyovov. H didtacn avtr onuiovpyel po
“ovokTn” ooun Kot yr avtd T0 AOY0 0 TAYOS €ival AyOTEPO TLKVOS OO TO VEPO KOl
EMMAEEL GE QVTO.

* Otav o mdyoc MdVveL, TO KOVOVIKO TAEYLO 0TOGLVTIOETOL Ko Tl LOPLoL VEPOD
EPYOVTOL EYYOTEPO TO EVOL ULE TO AALO LE ATOTEAEGUO TO VYPO VO ELPAUVILEL LEYOADTEPT)
mokvotnta. Ta popia Bpickovtor cuveymc og Kivnon.

e Y10 vePO TO PNKoc Tov deopov H-O eivar 1.0 A.

e To unkoc tov O...H vdpoyovikod deopo sivar 1.8 A.

S B e 5 T Jvi VE
| y S k. alli - TN S PN 55
Badted |1 R ve oY 3

1 TP ogote “y gl P A Tk
" age (n7 | e el




(B) Asoudc Yopoyévou

Ortav 10 poépia vepou agprivouv Tnv
uypn ®aon yia va trepAcouy oTnV
agpla, aTToppPoPoUV EVEPYEIQ VIO
Va UTTEPVIKOOUV TOUG
dlaNOPIaKOUG OETUOUC UdPOYOVOU
(MTTAE YPOPPEG) TNG UYPAG PACNG

Agopoi udpoyovou
gM@avidovTal OTIG
TTPWTEIVIKEG DOMEG,
TOUG UdATAVOPAKEG
KAl T VOUKAEIKA
ogea. O11016TNTEG Kal
Ol AEITOUPYiEG AQUTWV
TWV BloAoyIKWV
MOpiwV €CapTwVTal
o€ JeyaAo Babuo
aTTo TOUG dETUOUG
udpoyovou. Mikpoi
udATAVOPAKEG OTTWG
N YAUKOZN eival
1I01aiTEPaA dIAAUTOI
OTO vEPO £GAITIOG TNG
IKAVOTNTAG TOUG VO
oxnuaTtiouv
OeaOUG UdpPOYOVoU
ME T JOpPIa TOU
vEPOU.



(B) Asoudc Yopoyévou

E¢aiTiag TnG @UONG Toug oI dEaoi UdPOYOVOU gival IOXUPOI Kal EPgavifouv 101aiTEPN
KATEUBUVTIKOTNTA CUYKPITIKA WE TIC AAAEC DIAPOPIAKEC AAANAETTIOPATEIG.

AAANAeTIOpAOCEIG ‘TTaOTTAPTOU’ YIA TNV UTTEPUOPIAKK XNMEIQ.
Bonbouv onuavTiK& oTO XTiOIUO JE AKPIBEIO TWV UTTEPUOPIOKWY CUCTNUATWY,
OIEUKOAUVOUV TNV KATAOKEUN TTOAUTTAOKWYV UTTEPHOPIOKWY APXITEKTOVIKWY Kal €ival yiI’
AUTO EAKUOTIKOI OTOUG OXEDIAOTEG UTTEPHOPIWV.

Aeopoi udpoyodvou, OTTWGE AUTOI TTOU TTAPATNPEOUVTAl O€ BIOAOYIKA CUCTAMOTA (TT.X.
oI1mrAn éAika DNA, 3-D doun moAAwv mpwreivwy, yopiakn avayvwpion
UTTOOTPWNATOC A1TO TTOAAQ Eviuua), XpNOIUOTTOIOUVTAl ATTO UTTOOOXEIC OXEQIATUEVOUC
yia TNV TTPOOOEC OUDETEPWY OPYAVIKWY MOPIwV OTTWCS BAapPITOUPIKA, MIKPEC OAUCIOEC
aAKOOAWV Kal auidia.

H\
N==H === "Backbone
O-H---0 N:< >—-N
R—<O O>—R Backbone., N I« N>\_—/2~H
e _.H—
/'*
H” N 0----H—N H
H
Guanine Cytosine

Hydrogen bonded carboxylic acid dimers and base pairing in DNA by hydrogen bonding.



(B) Asoudc Yépoyovou

Ta aropa A kal B utropei va givai, EKTO¢ atrd ocuyovo, alwro, B¢io,
aAoyova K.ATT (TTAVTWG NAEKTPAPVNTIKA).

2& UOPOYOVIKOUC OEOOUC E AToUA HEYAAUTEPA TOU
oéuyovou, OoTTw¢ T0 XAwpIo, ol attooTacelg H....AAoyovou gival
MEYAAUTEPEC KAl O OECOI UDPOYOVOU QCBEVEDTEPOI ECAITIAC TNG
LMEIWMPEVNG NAEKTPAPVNTIKOTNTAC TTOU EU@AVICOUV Ol HEYAAUTEPOI
QUTOI O€ ATOUIKN OKTIVA ATTOOEKTEC NAEKTPOVIWY ONA. Ta
aAoyovidla (= KaBe Evwaon dUO OTOIXEIWV EK TWV OTTOIWYV TO £va
gival aAoyovo, T1.X. Ta aAKUAaAoyovidIa ival EVWOEIC TOU TUTTOU
RX (R: aAkuUAio, X: F, Cl, Br, 1)).

H akpifn¢ 1oxu¢, 0w, EVOC udPOoyoVvIKoU OsooU eéapTarai
o€ pueyalio Babuo kair arro 1o mepiAaAAov Tou.



(B) Asoudc Yopoyévou

« Hydrogen Bonds: Interaction of a hydrogen atom covalently bound
to an electron rich atom with another atom also rich in electrons.

A H-Bond Donor

Tend to 180° Filled Orbital B=H-Bond Acceptor
Types:
.B L B
A_H-- B A_H‘ A_H::::-B
o1 B - B

Monofurcated H-Bond Bifurcated H-Bond Trifurcated H-Bond

Conventicnal

B) Non-Conventional I

Example A B Example

FH C T-gyslem Alkynes
Carboxylic Acids hydrogen cyvanide
Water arenes

Alcohols metal carbonyls
Oximes C Cl Chloroform
Esters 3 5 thiols

Aldehydes mercaptanes
Kelones M M Metal Complexes
Amides

Amines




(B) Asoudc Yopoyévou

Table 1.5 Properties of hydrogen bonded interactions.

Strong Moderate Weak

A—H- - - B interaction Mainly covalent Mainly electrostatic Electrostatic
Bond energy (kJmol™!) 60—120 16-60 <12
Bond lengths (A)
H---B 1.2-1.5 1.5-2.2 22-3.2
A---B 2.2-25 2.5-3.2 3.2-4.0
Bond angles (°) 175-180 130-180 90-150
Relative IR vibration shift

(stretching symmetrical

mode, cm ™) 25% 10-25% <10%
'H NMR chemical shift 14-22 <14 ?

downfield (ppm)
Examples Gas phase dimers with Acids Minor components of

strong acids/bases bifurcated bonds
Proton sponge Alcohols C—H hydrogen bonds

HF complexes

Biological molecules

O—H - - - hydrogen bonds




(B) Asoudc Yopoyévou

2TNV TTEPITITWOT UOPOYOVIKWYV OECTUWV METAEU
OUOETEPWYV HOPIWYV, Eival €V YEVEI ATTOOEKTO OTI ()
N 10XU¢ TOU UdPOYOVIKOU dECOU (0€ OPOUC
EVEPYEIOC OXNUATIONOU) OXETICETAI AUECA HE

TNV KPUOTAAAOYpaAPIKA TTPOOCOIOPICHEVN
arrooraocn YETacu Tou OOTN Kal TOU OEKTN
udpPOYyoVIKOU dECHOU.

Asgouoi udpoyovou trou dnuioupyouvrai
armro udpoyova ouvosdsuévVA [UE ATOO
avlpaka avti yia Ta ouvAdn NAeKTpapvNTIKA
aropa otmwg N kal O (Tiuég
NAekTpapvnTikoTNTAG: C: 2.55, H: 2.20,

N:3.04, O:3.44). AuTEG o1 AAANAETTIOPAOEIG
EXOUV TIG XOUNAOTEPEG EVEPYEIEG ATTO OAOUG
TOUG UdPOYyOVIKOUG OEaUOUG. H TTapouaia,
OMWG, NAEKTPAPVNTIKWY ATOPMWY KOVTA OTOV
AavOpaka PTTopEi va evioxUoE€l CNUAvTIKA TNV

O O

e
o¢utnTa Tou C—H TTpwTOoViou Pe aTToTEAECUA L
TN dnuIoupyia dITTOAOU PE ONPAVTIKA JITTOAIKN X
poTTH). NiTpoueBavio
Mapddeiypa C-H...N ka1 C-H...O s .

: i 4 (a) C—H---N (2.21 A) and C—H---0 (2.41 A, average) hydrogen bonding in a crown ether complex with nitromethane
U6p0Y0V| KWV 680“wv Elval OI (after Weber et al. 1986). (b) Schematic of the relevant crown ether.
AAANAETTIOPAOEIC TTOU TTAPATNPEOUVTAI JETAEU
TOU PEeBUAiou Tou viTpoueBaviou kai Tou pyridyl

TOU OTEPPATOC AIBEPa



AIAMOPIAKEZ AAAHAETIIAPAZEIZ

(a) HAekTpoOoTaTIKEG AAANAETTIOPATEIS 10V-IOV, I0V-OIiTTOAO, OITTOAO-BITTOAO)
(B) Aeopoi udpoyoévou
(Y) AAANAETTIOPAOCEIC KATIOVTOG-TT KOl ETTICTOIfayua TT-1T

(®) aAAnAemdpdoeIg dlaoTTopAC Kal eTTayoueveg (Van der Waals)

(€) YOPOoWoBIKEC KAl OTEPIKEC AANNAETTIOPATEIC



(v) Kariov — m aAAnAsmdpaoei¢ (5 — 80 kJ mol?)
Agouog

AR

15; 2552p], 35, 3pl, 45, 31 4pl 553, 4diiSplE5, 4RiSdEpL 75, SRk 6L TRt
*pi bonds (1t bonds) are covalent chemical bonds where two lobes of one involved electron orbital
overlap two lobes of the other involved electron orbital.
*The Greek letter 1T in their name refers to p orbitals, since the orbital symmetry of the pi bond is
the same as that of the p orbital when seen down the bond axis. P orbitals usually engage in this
sort of bonding.
*Pi bonds are usually weaker than sigma bonds. From the perspective of quantum mechanics, this
bond's weakness is explained by significantly less overlap between the component p-orbitals due to
their parallel orientation.
*Pi bonds result from overlap of atomic orbitals that are in contact through two areas of overlap.
*Pi-bonds are more diffuse bonds than the sigma bonds.
*Electrons in pi bonds are sometimes referred to as pi electrons.
*Molecular fragments joined by a pi bond cannot rotate about that bond without breaking the pi
bond, because rotation involves destroying the parallel orientation of the constituent p orbitals.


http://en.wikipedia.org/wiki/File:Electron_orbitals.svg
http://en.wikipedia.org/wiki/File:Pi-Bond.svg

(v) Kariov — m aAAnAsmdpaoceic (5 — 80 kJ mol1)
Asouoc

Atoms connected via a double bond or triple bond have, in addition to one sigma
bond, one or two pi bonds, respectively.

Although the pi bond by itself is weaker than a sigma bond, pi bonds are often
components of multiple bonds, together with sigma bonds. The combination of pi and
sigma bond is stronger than either bond by itself. The enhanced strength of a

multiple bond versus a single (sigma bond) is indicated in many ways, but most
obviously by a contraction in bond lengths.

ethane (154 pm) ethylene (133 pm) acetylene (120 pm)


http://en.wikipedia.org/wiki/File:Ethane-staggered-CRC-MW-dimensions-2D.png
http://en.wikipedia.org/wiki/File:Ethylene-CRC-MW-dimensions-2D.png
http://en.wikipedia.org/wiki/File:Acetylene-CRC-IR-dimensions-2D.png

(v) Kariov — m aAAnAsmidpaoccsic

Asouoc

Top: two parallel p-orbitals. Bottom: pi bond
formed by overlap. Pink and gray represent
a ball and stick model of the molecular
fragment that contains the pi bond.



(v) Kariov — 1 dAANAsmidpaoceic

M-aAANAsmIdpaoceic

O1 TT-aAANAeTIOPATEIC €ival TUTTOC UN-OMOIOTTOAIKWY AAANAETTIOPACEWY TTOU
QvaTITUOOOVTAI O€ TT-oUCTAMATA. AKPIBWGS OTTWG KAl OTIC TTEPITITWOEIG
NAEKTPOOTATIKWY AAANAETTIOPACEWY OTTOU [Ia TTEPIOXI] OPVNTIKOU POPTIiOU
AAANAETTIOPA PE BETIKO QOPTIO, £TOI KAl T TT-CUCTAMATA TTOU EUgpavilouv
TTEPIOXEC ME MEYAAN NAEKTPOVIOKN TTUKVOTNTA (TTEPIOXEC ETTIKAAUWNC TTAPAAANAWY
P-TPOXIOKWYV) UTTOPOUV VA OAANAETTIOPACOUV e METAAAA (KATIOVTA METAAAWYV N
oUdETEPQ), avIOVTA, AAAA popIa Kal GAAA TT-CUCTHUATA.

O1 uN-opOoIOTTOAIKEC OAANAETTIOPACEIC TTOU OXETICOVTAI PE TT-OUCTAMATA TTAi(OUV
MEYAAO POAO a€ BIOAOYIKA YEYOVOTA OTTWG €ival N HOPIAKK avayvwpion
TTpwTEivnG — TTPoodETN (protein-ligand recognition)



(v) Kariov — m aAAnAsmidpaoccsic

Turror r-aAAnAsmdpaocwyv

The most common types of 1r-interactions involve:

» Metal-mr Interactions: involves interaction of a metal and the face of a 1
system, the metal can be a cation (known as Cation-rr Interactions) or neutral
» Polar-1r interactions: involves interaction of a polar molecule and quadrupole
moment a 1T system. (€ikova 1)

« Aromatic-Aromatic Interactions (1 stacking): involves interactions of
aromatic molecules with each other.

» it Donor-Acceptor Interactions: interaction between low energy empty orbital
(acceptor) and a high energy filled orbital (donor). (eikova 2)

» Anion-mr Interactions: interaction of anion with 11 system

P O S Eikéva 1 NG, iGN Eikova 2
H H Donor acceptor
: | E]?é?ggion interaction between
RN between water hexamethylbenzene
\___/———‘ molecule and ne N (donor) and

tetracyanoethylene

benzene (acceptor)



(v) Kariov — 1 dAANAsmidpaoceic

Cation-1r interaction is a noncovalent molecular interaction between the face of
an electron-rich 1 system (e.g. benzene, ethylene) with an adjacent cation (e.g.
Li+, Na+). This unusual interaction is an example of noncovalent bonding
between a monopole (cation) and a quadrupole (11 system). Cation-11 interaction
energies are of the same order of magnitude as hydrogen bonds or salt bridges
and play an important role in molecular recognition.

Benzene, the model 1 system has no
permanent dipole moment as the
contributions of the weakly polar carbon-
hydrogen bonds cancel due to molecular
symmetry. However, the electron-rich 1r
system above and below the benzene ring
hosts a partial negative charge. In order to
counterbalance this sandwiching negative
charge, a positive charge is associated within
the plane in which all benzene atoms lie. An

electric quadrupole (a pair of dipoles, which
. do not cancel each other) results. The
1--- Na :
negatively charged 1 system can then
Cation-Tr interaction interact favorably with positively charged
between benzene ions.

and a sodium cation.



(v) Kariov — m aAAnAsmidpaoccsic

The cation-1r interaction is comparable in strength to hydrogen bonding
and can, in some cases, be a decisive intermolecular force.

Several criteria influence the strength of the bonding:

 the nature of the cation,

From electrostatics (Coulomb's law), smaller and more positively
charged cations lead to larger electrostatic attraction. The following table
shows a series of Gibbs free energy changes for the interaction of
benzene with several alkaline metals in the gas phase. The influence of
the ionic radius, rion, is evident.

M* Li* |Na* |K+ |Rb*
-AG 38 |27 19 |16
(kcal/mol)

lion 76 102 |[138 |152




(v) Kariov — m aAAnAsmidpaoccsic

The cation-TT interaction is comparable in strength to hydrogen bonding and can,
iIn some cases, be a decisive intermolecular force.

criteria influence the strength of the bonding:

 the subsitutents on the 1 system

Binding energy (in kcal/mol) for
Na* to benzene with prototypical
substituents

137 22.0

31.8

electron withdrawing electron donating

* Influence of the solvent

Any intermediating solvent molecule will attenuate the effect, which is why it
becomes less pronounced with increasing solvent polarity



(v) Kariov — m aAAnAsmidpaoccsic

Cation-1r Interaction in Nature

Nature’s building blocks consist of aromatic moieties, too.
Amino acid side chains of tryptophan and tyrosine or the DNA bases are
capable of binding to cationic species (not only metal ions, but also charged

amino acid side chains, ...).

Therefore, cation-1r interactions can play an important role in stabilizing
the three dimensional structure of a protein.

Acetylcholine

0 /ﬁ—
0 ﬂ\< \\
X

H Tryptophane

An alternative role of the
cation-11 interaction is seen
in the nicotinc
acetylcholine receptor
which binds its endogenous
ligand, acetylcholine (a
positively charged
molecule), via a cation-1r
interaction to the
guaternary ammonium



(v) Kariov — m aAAnAsmidpaoeig

Cation-rx Interactions
(5—-80 k) mol™)

Transition metal cations such as Fe?*, Pt>* etc. are well known to form complexes with olefinic and
aromatic hydrocarbons such as ferrocene [Fe(CsHs),] and Zeise’s salt [PtCl;(C,Hy4)]™. The bonding
in such complexes is strong and could by no means be considered noncovalent, since it is intimately
linked with the partially occupied d-orbitals of the metals. Even species such as Ag* - - - C4Hg have
a significant covalent component. The interaction of alkaline and alkaline earth metal cations with
C=C double bonds is, however, a much more noncovalent ‘weak’ interaction, and plays a very
important role in biological systems. For example, the interaction energy of K* and benzene in the
gas phase is about 80 kJ mol~' (Fig. 1.15). By comparison, the association of K* with a single water
molecule is only 75kJmol~'. The reason KT is more soluble in water than in benzene is related to
the fact that many water molecules can interact with the potassium ion, whereas only a few bulkier

Schematic drawing of the cation—7 interaction showing the contact between the two. The quadrupole moment of benzene,
along with its representation as two opposing dipoles, is also shown.



(v) Kariov — m aAAnAsmidpaoeig

Cation-n Interactions: Fundamentally an electrostatic interaction
between a positively charged species (a cation) and the electrons

that make up one or more n-bond

Figare 4. The active site of methylamme dehydrogenase; the Cs'
won (light gray sphere) is coordinated by the aromatic sxle chams
of 2 phemvlalanine asd a tyrosing: coordinates Kindly proviied by

Prof, F. S Mathews




(y) - m emioroiBayua (stacking) (0-50 kJ mol?)

O1 aAAnAemmdpdoelg 1 — 11 stacking cival aoOeveiG NAEKTPOOTATIKEG
AAANAETTIOPACEIG TTOU EPPAVICOVTAl NETASU CUCTNHATWY TTOU TTEPIEXOUV
APWHATIKOUG OaKTUAIOUG. H aAAnAcTTidpaon yiveTral JETACU TTEPIOXWV UE
“TTAOUCIA’ NAEKTPOVIKI TTUKVOTNTA KAl TTEPIOXWV HE ‘@TWXN NAEKTPOVIKN
TTUKVOTNTA.

AUo cival ol yevikoi TUTTOI TNG TT-TT €TTI0TOIRaENG: ‘face-to-face’ kal ‘edge-to-
face’ av kal TTANBwpa diIaTAZewv Pe eVOIAPEDN YEWMETPIA gival yvwaoTh. MeTagu
daKTUAiwWV TTpocavaToAlIouévwy Kata face-to-face 1 edge-to-face avatrrucoovral
EAKTIKEC AAANAETTIOPACEIC.

|

(0

Attraction

b
2
B

==

Face-to-face Edge-to-face

1 About35A {

¢

O1 duo cuvnBEaoTepol TUTTOI TT-TT
emoToifagng. 1o face-to-face mode Al
TTaPATNPEITAI HETATOTTION (ETTIOTOIBALN
o€ TTAAPN OToiXIoN €ival ATTWOTIKN)

il

aAAnAemidpaon T-quadrupoles



(y) m— mr stacking

Jeremy Sanders and Chris Hunter from the Universities of Cambridge and Sheffield, UK, have
proposed a simple model based on competing electrostatic and van der Waals influences, in order to
explain the variety of geometries observed for w—m stacking interactions and to predict quantitatively
the interaction energies. Their model is based on an overall attractive van der Waals interaction
(section 1.7.7), which is proportional to the contact surface area of the two m-systems. This attractive
interaction dominates the overall energy of the w—m interaction and may be regarded as an attraction
between the negatively charged m-electron cloud of one molecule and the positively charged o-
framework of an adjacent molecule. The relative orientation of the two interacting molecules is
determined by the electrostatic repulsions between the two negatively charged m-systems (Fig. 1.18).

Repulsion i
Attraction

Attraction
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Interacting 7-quadrupoles.



(y) m— m emoroiBayua (stacking) (0-50 kJ mol-1)

O1 face-to-face tr-stacking aAANAETTIOPACEIC €ival UTTEUBUVEG yIA TIC XPHOIMEG 1010TNEC
TOU YPO@iTN WS AITTAVTIKO KAl TNV IKAvOTNTA TOU va ‘YAIoTPAEl'. [TapOuoIES TT-TT
AAANAETTIOPACEIC HETACU TWV OAKTUAIWY TWV (EUYWV TwWV VOUKAEOBAoewV Bonbouv
oTn otaBepotroinan TNG dITTANG EAIkag Tou DNA.

Edge-to-face aAANAeTIOPACEIC UTTOPOUV VO
BewpnBouv w¢ aoBevVEIC HOPPES UDPOYOVIKWV
OEOMWYV METACU TWV EAAPPWC UTTOAEITTOUEVWV
NAEKTPOVIWV ATOPWYV UdPOYOVOU TOU €VOG
apWMATIKOU daKTUAIOU Kail TO TTAOUCIO O€
NAEKTPOVIKN TTUKVOTNTA TT-VEPOC TOU GAAOU.
[ToAAOI pIKpOI apwUATIKOI UBATAVOPAKES OTTWC
TO BeV{OAIO KPUOTAAAWVOUV HE TN
XOPOAKTNPIOTIKI) HOPIOKN OIEUOETNON
‘papokokalou (herring-bone)’
MEYIOTOTTOIWVTAG KAT AUTOV TOV TPOTTO TIG ‘edge-
to-face’ eTra@ég

KpuoTaAAIKA Sopn pe akTiveS-X Tou BevioAiou TTou SiubeTeiTal
oUNPWVa JE TO YOTIBO WapokokaAou ecaitiag Twv edge-to-face
QAANAETTIOPACEWY



Diamond and graphite are two allotropes of carbon: pure forms of the same element that
differ in structure.


http://en.wikipedia.org/wiki/Allotrope

(y) m— 1 stacking

+ n-n Interactions: Weak electrostatic interactions that sometimes
occur between aromatic nngs. m-n interactions control for instance the
vertical base-base interactions in DNA, which constitutes the major
contributor to the stability of the double helical structure of DNA: they
control the intercalation of drugs to DNA; the packing of aromatic
molecules in crystals; the tertiary structure of proteins, porphyrin
aggregation and conformation and binding preferences of poly-aromatic

macrocycles.
— _,..-ﬂ"_ B
L2 ot
— == <SS
-I_T:HIL'HI.I'.?'- ATTRACTER: : E"- - ! .
Ty (i) < ) |
— . J :

= ] |
= _{ -__,-—"L‘—\-.. = ]
ATTRACTHON § (’; _:) Face-to- Face
R ——
H Edge-to-Face



(y) m— mr stacking
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AIAMOPIAKEZ AAAHAETIIAPAZEIZ

(a) HAekTpooTaTIKEG AAANAETTIOPATEIG IGV-IOV, 10V-OIiTTOANO, OITTOAO-JITTOAO)
(B) Aeopoi udpoyoévou

(Y) ANNAETIOPACEIG KATIOVTOG-TT KOI ETTIOTOIBayua TT-1T

(0) aAANAemIOpaCEIC DIAOCTTOPAG KOl ETTAYOMEVEG (Van der
Waals)

(€) YOPOo@OoBIKEC Kal OTEPIKEC AANNAETTIOPATEIC



(0) aAAnAemdpaoeic Van der Waals (<5 kJ mol-1)

- Auvapeig dlaoTropdc (f aAANAETTIOPACEIC ETTAYOUEVOU DITTOAOU —
ETTAYOMEVOU OITTOAOU)

- Eival TToAU ao0eveic kal pun KateuBuvTIKEG.

- EAKTIKEC DUVANEIC TTOU AvATITUCOOVTAI JETACU N TTOAIKWY HOPiwV
OTAV N OTIYMIAIO KATAVOUN TWV NAEKTPOVIKWY VEQWY YUPW aTTO KABE
MOPIO AAANAETTIOPA EUVOIKA VIO TO OXNMATIONO ETTAYOMEVOU DITTOAOU.

- O1 van der Waals duvapeic TTapEXouv eTTITTPOCOETN EVOAATTIKI)
oTa0EPATNTA KATA TNV OUVOEDN (EYKAEIONO) VOGS UdPOPORIKOoU
cevi(Ouevou o€ pia udpo@oikn kolAoTNTa. EC aitiag Tn¢ ouon Toug,
OMWG, JTTOPOUV VA EUPAVIOTOUV OXEOOV TTAVTOU KaI yI' auTO gival
OUOKOAO va aXedIAOEl KAVEIG UTTODOXEIGC TTOU VA eKMETAAAEUOVTAI EIDIKA
QUTEG TIG OuvaelS. ‘Eva T€T010 oUOTNUA PTTOPEI va gival TT.X. EvVa QUTO-
OUVAPHMOAOYOUNEVO OUCTNMA TTOU HOIACEl uE UTTAAQ TOU TEVIGC (self-
assembled ‘tennis-ball’) kal To oTT0i0 ITTOPEI VO £yKAEiOEI ATOPO =€vOou
(Xe) xpnoiuotrolwvtag duvaueic van der Waals.



(0) aAAnAsmidpaoeic Van der Waals (<5 kJ mol+)
Avvaperg dracmopag - London

* AoBevéoTepeG OAWY TWV JIAUOPIAKWY OUVANEWV.

e MeTagu popiwv TTou dev TTapouCIalouv NAEKTPIKA POTTA Kal TToU N UTTapEn
TOUG EpuNVEUETAl JE TNV TTAPAdOXN TNS OTIYMIAIAG AVICOKATAVOUNG TOU
NAEKTPIKOU PopTiou. AexopaoTte ONAAdN OTI TO NAEKTPOVIKO VEPOG
TaAavTouTal e auxvoTtnTa f, oTroTe epavideTal avtioTolxa NAEKTPIKA
POTTN, TTOU TaAAvTOUTAI JE TNV idIQ CUXVOTNTA, AAAG TNG OTTOIAGC N MEON
TIUN WG TTPOG TO XPOVO gival undevikn ‘Eva aTiyuiaio ditroAo ptropei va
TTPOKOAEOEI €€ £TTAYWYNG NAEKTPIKI TTOAWON O€ YEITOVIKO PopIo (1
ATOMO).

e O1duvapelg yeTacu oTiyuiaiwy dITTOAWY ovopalovTal OUVANEIS
diaocrropag¢ London.

* H gukoAia pe TNV OTToia £va NAEKTPOVIOKO VEPOC AVICOKATAVEUETAI Kal
ETTOMEVWG N IKAVOTNTA OTIYMIAIAG TTOAWONG eKPpaleTal ATTO TOV
ouvTeAEOTH TOAWOTNG Q.

« Oo0o peyaAuTepo gival TO HOPIO (KAl ETTOPEVWC MEYOAUTEPOG O APIOUOC
TWV NAEKTPOVIWY TOU) TOOO PEYAAUTEPN N IKAVOTNTA TOU TTOAWONC.



(0) aAAnAemdpaoeic Van der Waals (<5 kJ mol-1)

Electrostatic
attraction

—ndm [ ST

Helium atom 1 Helium atom 2

Auvaueic diaorropac¢ London

« O1duvapeic diaoctropdc London yivovtal IoXUPOTEPES ME TNV aUCnOoN Tou
MopIlakoU Bapouc.

« O1duvapeic diaoctropdac London gpgavidovral JETACU OAWV TWV HOPIWV.

« O1duvapelc dlaotropdc London ecaptwvTtal Atrd TNV YEWMETPIA TOU
Jopiou.

« 000 yeyaAutepn cival n d1aBEaIun ETIPAVEIQ OUVOEONC TOOO IOXUPOTEPES
gival o1 duvaueIc dlIaoTToPAc.

« O1duvapelc dlaotropdc London gival aoBevEOTEPEC NETACU OQPAIPIKWYV
MOPIWV CUYKPITIKA PUE QUTEC METACU MN-OQAIPIKWY HOPIiWV.



(0) aAAnAsmidpaoesic Van der Waals (<5 kJ mol)

Avvapeig owaomopds - London
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n-Pentane Neopentane
(bp = 309.4 K) (bp =282.7 K)




(0) aAAnAemdpaoeic Van der Waals (<5 kJ mol-1)

Avvaperg dwacmopag - London

MeTaCU popiwv TToU OEV TTaPOUCIAlOUV NAEKTPIKN POTTA KAl TTOU N UTTapcH)
TOUG EpUNVEUETAI JE TNV TTAPADOXN TNS OTIYMIAIAG AVICOKATAVOUNG TOU
NAEKTPIKOU PopTiou. AexouaoTte ONAAdN OTI TO NAEKTPOVIKO VEPOG
TaAavTouTal he ouxvoTtnTa f, oTroTe epavideTal avtioTolxa NAEKTPIKA
POTTN, TTOU TaAAvTOUTAI JE TNV idIQ CUXVOTNTA, AAAG TNG OTTOIAGC N MEON
TIUN WG TIPOG TO XPOVO Eival UNOEVIKN.

MeTagU dUO HOPIWV HE TETOIEC NAEKTPIKEC POTTEC eMgavileTal OEOUOC Van
der Waals, Tou otroiou n evépyeia uttoAoyileTal:

3 £f 1

U= ->h .
o g g

otrou f, f, kal a;, a, ol GUXVOTNTEG TAAQVTWOEWG TNG NAEKTPIKAG POTTAG
KAl Ol CUVTEAEOTEC TTOAWOEWC TWV dUO Popiwyv, evw h gival n otaBepd Tou
Planck.



Basis of Energy

Force Model Attraction (kJ/mol)  Example
Intermolecular
‘ P
Ion-dipole £4....... Ton charge— 40-600 Nat::Q
‘ . dipole charge \H
H bond & & &~ Polar bond to H- 10-40 O—H:----10—H
—A=H=eemeiB= dipole charge IL ||_|
(high EN of N, O, F)
Dipole-dipole . '. Dipole charges 5-25 |—Cl--+-{—Cl
[on-induced . 6 lon charge— 3-15 Fe?tese0,
dipole - polarizable e
. cloud
Dipole—induced . '''' ’ Dipole charge—_ 2-10 H—Cls++-ClI—Cl
dipole polarizable e
cloud
Dispersion Polarizable e 0.05-40  F—F----F—F
(London) clouds

Bonding



H cuvoAiki) owepnopLaKn evEpyewd

* H duvapikn evépyeia U(r) Twv dIapopIaKwy OECHWY Eival apvnTIKA
To apvnTikG TTPOCNUO onUaivel OTI Ol AVTIOTOIXEC OUVAUEIC €ival EAKTIKEC

« ETmtiong n duvauikn evépyeia U(r) Twv diauopIiakwy 0ECUWY gival
AVTIOTPOPWC avAAoyn TNG ATTOOTACEWC METACU TWV OITTOAWY I UPWHEVN
KOTQA TTEPITITWON O€ KATTOIO dUvaun.

AUTO onuaivel 0TI OTAV N ATTOOTACN ' HETACU OUO HOPIWV PMEYAAWVEL, N
avTioTOIXN QUVAMIKI EVEPYEIQ TEIVEI AOUMTITWTIKA TTPOG TO 0.

* AOYW TWV JIAPOPIOKWY OUVAMEWY TA JOPIA TEIVOUV VA TTANCIACOUV.
AAANG N PETAEU TOUC ATTOOTACH OEV UTTOPEI VO MIKPUVEI TTEPA ATTO KATTOIO
OpPIO, YIATI TO NAEKTPOVIKO VEQPOC TOU EVOC UOPIOU ETTIKAAUTITETAI QTTO TO
avTioTolxo Tou aAAou kai guavileral Ioxupn arrwaon. TOTE N avTioToIXn
OUVAUIKNA EVEPYEIQ €ival BETIKN KAl TEIVEI TTPOC TO ATTEIPO OTAV N
ATTé0TOCN I' MIKPAIVEI KAl TEIVEI va UNOEVIOOEI.



H cuvoAiki) owepoplaKkn eveépyewa

YTIApXOouV, ETTOUEVWG, OUO AVTAYWVIOTIKEC OUVAMEIC TTOU ETTIOPOUV OTO
ouoTAUA TwV OUO POPIWV. N EAKTIKI, TTOU OPEIAETAI OTNV TTOPOUCIA TWV
NAEKTPIKWYV JITTOAWYV, KAl N ATTWOTIKA, AOYW TNG ETTIKAAUWEWCS TWV
NAEKTPOVIKWYV VEQWY TWV Hopiwv. H ouvoAikry duvauikni evépyela
uttoAoyileTal TEAIKWG WS TO ABpoIoua Twv dUO AUTWY DUVAUIKWYV
EVEPYEIWYV, VIO TNV OTTOIA £XEI TTPOTAOEI N £€CAC AVAAUTIKN HOP®N:

A B
U(r) = = -
r

m

OTToU A KaIl B 0T0B€pEC TTOU £€apTWVTAI ATTO TO €i00C TWV Popiwyv. Ta m
Kal n gival akEpaiol. To m gival 6 evw To N TTaipVvel TIMES HETAEU 9 Ka
12. 21NV TTEPITITWON ATTAWY PJOPIWV TO N TTaipvel TNV TIPA 12 Kai n

OUVAMIKI EVEPYEIQ OVOPACZETAI TOTE OUVAMIKG TwV Lenard-Jones 6-12.

H avaAuTiky yop@n TNS duvAuewg diveTal atrd Tnv:

dU(r) An Bm
- = n+1 + m+1
dr r r

F=-—




H cuvoAiki) owepoplaKkn eveépyewa

Ta yopla Ic0ppOTIOUV OE ATTO0TACN I, OTNV OTTOIA Eival ITEG Ol
QATTOAUTEG TIMEC TWV OUO QUVANEWY KAl OTO OTTOIO AVTIOTOIXEI KAl N
gAAXIOTN TIMN TNG OUVAUIKNG evEpyElag U,.

Auvauiko Lenard-Jones 6-12

/ <t —>




AIAMOPIAKEZ AAAHAETIIAPAZEIZ

(a) HAekTpooTaATIKEG AAANAETTIOPACEIC 10V-IOV, 10V-OITTOAO, DITTOAO-OITTOAO)
(B) Acopoi udpoydvou
(Y) ANNAETIOPACEIG KATIOVTOG-TT KOI ETTIOTOIBayua TT-1T

(®) aAAnAemmdpdoeIg dlaoTTopAc Kal eTTayoueveg (Van der Waals)

(€) YOpo@OBIKES KOI OTEPIKES AAANAETTIOPACEIS



(€) YOPOQYOPIKEC KAl OTEPIKEC AAANAETIOPATEIC

Hydrophobic Effect: The hydrophobic effect represents the driving force for
association of an apolar host with and apolar guest molecules in polar
solvents. Thus the apolar host has molecules in a site that i1s hydrophobic leading
to unfavourable interactions, as the apolar guest approaches the host cavity these
water molecules are "squeezed” out of the binding pocket. As a result two
favourable effects: water molecules that left the cavity can form more favourable
interactions and apolar groups of the guest can interact with apolar groups of the

host.




(€) YOPOWOPRBIKEC KAl OTEPIKEC AAANAETTIOPACEIC
O1 UOPOPORIKESC AAANAETIOPACEIG

Eival o1 kateuBuvtrpieg duvapeig (specific driving forces) trou
OUVOEOUV UN-TTOAIKOUC £TAIPOUG O€ UDATIKO OIAAUNQ.

EvTp0oT1TIKOC 0p0C
Ta yopla Tou vepoU YyUPW ATTO TN N TTOAIKN ETTIQGAVEIA UIOG
udPOPORIKNG KOIAOTNTAC oxnuaTtidouv pia dounuévn diartacn. Karta
TO OXNUATIOPNO CUPTIAGKOU QUTA Ta HOpPIa vEPOU
atreAeUBEPWVOVTAI KOl ATTODIATACOOVTAI UE ATTOTEAECUA TNV
EUVOIKN) auénon TnS EVIPOTTIQC TOU OUCTHHATOC.

K, i "
o .:_ .. . X l'[”‘u:"“ q; H H"h Ty .
|-|"‘} H_E N Salvated guest oW TI L, ]f_“
Salvated hess E .




(€) YOPOWOPRBIKEC KAl OTEPIKEC AAANAETTIOPACEIC

O1 UOPOPORIKESC AAANAETIOPACEIG

EvOaAtmikoc 6poc¢

O1 0eopOoi UOPOYOVOU TTOU AVATITUCCOVTAI JETACU TWV EAEUBEPWY
LOPIWV VEPOU gival ICXUPOTEPOI ATTO TIC AAANAETTIOPACEIC TWV
LMOPIWV VEPOU UE TIC ATTOAIKEC TTEPIOXEC TOU cevioTh. Otav 1a popla
VEPOU TTOU TTEPIEXOVTAI O€ MIa udPOPOLN KOIAOTNTA TOU EEVIOTN
aTTEAEUBEPWVOVTAI KIVOUUEVA OTIC KUPIWG TTEPIOXEC TOU DIOAUTN TO
OIKTUO TWV OEOUWYV UDPOYOVOU UEYIOTOTTOIEITAI KOI TO CUCTNMA
QTTOKTA EUVOIKOTEPN EVOAATTIO TTPAYMA TTOU EP@avideTal W MIa
KATeubuvTrpia (evOaAATTIKA) duvaun TTou odnyei OTOV EYKAEIOUO TOU
cevi(Oevou popiou aTtnv udpoPofikn KoIAGTNTA. Me auTtni TN
AoyIkn oxediadovtal UTTOOOXEIC, OTTWG Ol KUKAOPAVEC KAl Ol
KUKAOOECTPIVEC, NE UDPOPORIKEC ECWTEPIKEC KOINOTNTEC YIA TOV
EYKAEIONO OpYaAVIKWYV CEVICOMEVWV HOPiwV O€ udATIKO dIGAUNA.




(€) YOPOQYOPIKEC KAl OTEPIKEC AAANAETIOPATEIC

2TEPIKES ATTWOEIG

EAaTTwvouv TIC aAANAETTIOPACEIC a@oU OUO uopIa dEV UTTOPOUV va
KataAauBdavouv Tov id1o Xwpeo. ZUNewva, OpWC, UE TRV avaloyia «KAEIDI-
KAEIOAPIAG» TTAi(OUV ONUAVTIKO POAO OTNV EKAEKTIKOTNTA TWV UTTOOOXEWVY WG
TTPOG TA UTTOOTPWHATA KOl 0TN OTA0EPOTNTA CUYKEKPIJEVWY TUUTTAOKWV.

O1 duvAuEIC TToU TTEPIYPAPOVTAI JTTOPOUV Va XpNoIgoTToinBouv ¢exwploTa
OAAQ TIC TTEPICOOTEPEG POPEC OTNV UTTEPUOPIAKNA XNMEIQ ouvavTaue
ouvOUAOUO QUTWY TWV OUVAUEWY WOTE VA ETTITUYXAVETAI 1N EKAEKTIKOTATA KAI N
KAataAANAN popen (selectivity and tunability) Twv oxedialOuevwy UTTOOOXEWV
aAAG Kal N oTaBePATNTA TOU OXNMATICOMEVOU CUUTTAOKOU.

« Steric Effect: Represent the structural changes triggered by
repulsion between functional groups within the same or
neighbouring molecules.

close packing
In the solid state (crystal) structures need to achieve a close packed arrangement. This

1s a significant driving force.

Think of TETRIS...



hydrophobic

interactions electrostatics
© +

S
N/ 2

: coordinate (dative) ‘
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hydrogen bond

H3IHOSIS
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The lock and key principle: receptor sites in the host (lock) are complementary to
the guest (key)

Apxn Tou ‘KA€10100 Kal TNG KA£10ap1ag’ (‘Lock and Key’ principle). O Emil Fischer
TEPIEYPOAYE AUTRV TNV 10€a TO 1894. O1 TTEPIOXEG TTPOODECNG OTOV EVIOTH —
‘KA€1dapi1d’ (host — ‘lock’) gival CUPNTTANPWHATIKEG TOU EVICOMEVOU — ‘KAEIDI’
(guest — ‘key’) OTEPIKA KAl NAEKTPOVIAKA.



Glu-270

H,C Tyr-248
/
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CH
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LI hydrophobic

OHz A pocket

His-69

His-196
Arg-145
The active site of carboxypeptidase-A with a bound peptide chain.



Summary of the most common types
of interactions and the approximate
energy associated with them.

Inperaction approxmate magnitude
(Fimrol)

Chemical Cowalent 103-1000

lawsfor S 00=- 000
Iotermolecaiar Ton-dipole I-70

Dipole=dipole A=

DXispersion (Lozdon) A-10

Hydrogen bonds 5-130

Some Important
Concepts so Far:

Many intermolecular
interactions contribute to
the overall structure of
Supramolecular systems.

It is the number and relative
strength of different
intermolecular interactions
what defines the structure
and stability of any
molecular aggregate.

Different interactions co-
operate to form the
assembly in biological
systems. These are the
most perfectly designed
supermolecules.



Molecular Recognition and Self-Assembly: The self-assembly
from relatively simple molecular building blocks represents the
most important synthetic strateqgy in the formation of
supramolecular complexes.

Shape
Complementarty
K + '&r - K "&"

Molecule X Molecule ¥ Supramolecular complex
XY

Shape & Group
Complementanty
-
DD'—=—_|

Stronger XY complex
Lawrence (1995) “.._Picture a process in which all the components of a car

have been magically endowed with the ability to seek out, recognize and
associate with their appropnate partners in the final product. Now, imagine
releasing these tens of thousands of individually animated pieces so that the
car can instantaneously assemble...”




Examples of Self-Complementary Groups
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Template effect and self-assembly
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[TAPAPATHMA 1

O1 aAANAETTIOPACEIC QUTEC apOopPOoUV aTNV AAANAETTIOpaCN IGVTWY UE TTOAIKA uopla. Eival
TTAPOMOIOI PUE TOUG DECHOUC TTOU €UPaviCoVTal OTIC EVWOEIC OUVTACNG (CUUTTAOKA N
EVWOEIC OUVAPHPOYNAG) TNG avopyavng XNUEIOS Kal agopouV KUPiwg ag NETAAAIKA IOVTA.
2.€ AUTA TO CUPTTAOKQ, MEPIKEC BAOEIC KATA Lewis TTpoo@Epouv (donors) Ta eAeUBepa
Ceuyn NAEKTPOVIWV TOUG 0€ METAAAIKA KATIOVTA TA OTTOia OPOUV OaV 0&EQ KATA Lewis Kal
dExovTal Ta NAekTpOVIa (acceptors). O1 evwoelg ouvtagng TTou aoxnuaridovral ovopdadovral
KAl CUPTTAOKQ OoUVTAENG eVw 01 OOTEG NAeKTpOoViwyv ovopadovTal TrpoodETeS (ligands)

A dipolar bond, also known as coordinate
link, coordinate covalent bond, dative
bond, or semipolar bond, is a description of
covalent bonding between two atoms in which
both electrons shared in the bond come from
the same atom. The distinction from ordinary
covalent bonding is artificial, but the
terminology is popular in textbooks, especially
those describing coordination compounds.
Once such a bond has been formed, its
strength and description is no different from
that of other polar covalent bonds.The
process of forming a dipolar bond is called
coordination.

b4 X

H H

H

L1 + .T.
H—llV—H —I— [H] — H—J]U—H

H H



T mEptypoagt] Tou ﬂpmﬂ:rmltmu SECHOU TOU “.II|:I~D'I'|"-'1‘[H’I'|1-...E Hsmmr[-h]u 0Tt T0 Koo Cevvog
NASKTpOVICOY OyTUaTiieTon pe apuofoit CUVEICQOPA TMASKIpOVINY om0 To SU0 ATOMO TOU
aymuatiiowy To secpd. Opme vadapyovy TEPITTOCELS KOTA TIC OMOLES TO KO0 (EUYOC NAEKTpOvIGY
EACQEPETON UOVOUEPDS MO TO &vol EX TOV 00 QTOLOV TOU SeCuov. Xe auTiy TV TEPITTOC O
Sdecpoc ovoudleton numoiwo: oeouoc (coordinative covalent bond or dative bond). Tuvmxo
MOUPAGETYLLE TULTOAKOD) SECULOU TOTEAEL TO 10V QULLLENVIOD, OTTMC QOIVETON TOPOKAT.

Hpmiroirkog Asopog H +

- —
HilH + H —»  HNH
H H

H oppovia Sobeter eva acdlsokto Ce0voc NASKTpoviayY, TO OT0i0 powpdleTo LE &va TPpOToVIo
MOV EYEL EAAEWM MAEKTpOVICYY, Gymuatiloviac 1o wWv Tov aupoviov. Me avtov tov Tpdmo. 1o
aloOTO MC KEVIPIKO ATONUO LROKOUEL GTOV KOvOVD TNC OKTAGM:, VO TUTOYpovoC To Kabe atopo
vépoYovow MEMPOAAETON amd0 SUO NASKTpOVIO. ETO 10V Quuenviov S8V etval GUuvarov vo Vivel
SUOKMOT) TV TPV OUOWOTOAIKMDY GECLUOYV Q0 ToV EVay NUUToAko. Kot o1 TEGoepC decuol etvan
1GOGUVELLOL.

O numoiwo: decpoc mailel m]pmm*rcﬁ poAD GTO c:ljmpﬂmlm EvioeEnv cuvappoyc (piems
&4.3. 3] Kot mu:utspct TV u-.tm:rrnm TOU VEPOU VO EVDGOTOVEL KOTIOVIO KOl VO SIAUEL TIC
1OVTIKES EVOCELS, OMOC QUIVETO TUPUKATH.



Hinzodog

AGVIEVKTO ALo)LOS Cat
SEWYOS e, + —— el
nicktpovioy Hi(: + Cn' —w H:O:

H H

To popro tov vepou mepraapBivel 600 aoulsuKTa JeUyn NASKTpOVIGY, To OTOIR WIOpEL vo Td
OlBeTer povopsp®C oyMUaTICOVTOC TUAOAOUS OECMOUC, ONMC QOIVETOL COTO MOPCTTGVE
mopdostypo. oo, Eve SWAVNEVO GTO VEPO KOTIOV TEPPOAASTOL QIO TEPOCOTEPO TOU EVOC
Uope VEPOD, TO TOAD £mC £51 LOPO, TO OO EYOUV JMUIKA cuvevebel G qUTO pE TUMKOUC
NHATOAIKOUS SECUOUC, OMMC QUIVETOL TUPUKETH:



[MAPAPATHMA 2

« Hydrogen Bonds: Interaction of a hydrogen atom covalently bound
to an electron rich atom with another atom also rich in electrons.

A) Conventional B) Non-Conventional I
@ Oﬂ\:j A B Example A B Example

U * . A: H-Bond Donor LGl T R R
Tend to 180° Filled Orbital - 5_p1 Bond Acceptor O O  Carboxylic Acids hydrogen cyanide
Water arenes
Types: Aleohols metsl carbonyls
e B ﬂ*"B Oximes o Chloroform
Am=—H====="B A=—H_, A—H-_::::g C 0 Esters s s thiols
B Aldehydes mercapianes
Monofurcated H-Bond Bifurcated H-Bond Trifurcated H-Bond Ketones M M Metat Complexes
N O  Amides
N N Amines




Experimental Characterisation of
Hydrogen Bonds

» Vibrational Spectroscopy
* Nuclear Magnetic Resonance

« X-ray and Neutron Diffraction




Table 1.5 Properties of hydrogen bonded interactions.

Strong Moderate Weak

A—H- - - B interaction Mainly covalent Mainly electrostatic Electrostatic
Bond energy (kJmol~!) 60—120 16-60 <12
Bond lengths (A)
H---B 1.2-1.5 1.5-2.2 22-32
A---B 2.2-25 2.5-3.2 3.2-4.0
Bond angles (°) 175-180 130-180 90-150
Relative IR vibration shift

(stretching symmetrical

mode, cm™!) 25% 10-25% <10%
'H NMR chemical shift 14-22 <14 ?

downfield (ppm)
Examples Gas phase dimers with Acids Minor components of

strong acids/bases bifurcated bonds
Proton sponge Alcohols C—H hydrogen bonds

HF complexes

Biological molecules

O—H - - - hydrogen bonds




Evidence of H-bonding by Vibrational
Spectroscopic Studies

Vs /q"—l'-f——h-uubﬁ
R

A—H stretch
(3500-2500 cm:-1)

7 X

H-Bonding is often
reflected in v(A-H)
band being shifted to

in supramolecular chemistry’. An excellent example is the formation of carboxylic acid dimers,
which results in the shift of the v(OH) infrared stretching frequency from about 3400cm™! to
about 2500 cm™!, accompanied by a significant broadening and intensifying of the absorption. Typi-
cally hydrogen bonded O---O distances are 2.50—2.80 A in length, though interactions in excess
of 3.0A may also be significant. Hydrogen bonds to larger atoms such as chloride are generally
longer, and may be weaker as a consequence of the reduced electronegativity of the larger halide
acceptor, although the precise strength of the hydrogen bonds is greatly dependent on its environ-
ment. Hydrogen bonds are ubiquitous in supramolecular chemistry. In particular, hydrogen bonds are



Evidence of H-bonding by Vibrational
Spectroscopic Studies

/‘\"‘—H—""' 8 A—H stretch

(35002500 cm:1)

R—A—H bend (in the plane)
(1700-1000 cm-1)

/ ,A*—JH ........... R—A—H torsion (out of the ptane)
R (900-300 cm-1)
Vo A——H B A B stretch

(250-50 cm-1)

H-Bonding is often
reflected in v(A-H)
band being shifted to
lower wavenumbers,
its intensity increased

and half-width broaden

AH =-1.28 » (Av)12
(logansen’s equation)

R
VB ‘A—H“"“""""B A—H B bend
/ - (<50 cm-1)




Evidence of H-bonding by NMR

In A-H---B hydrogen
bonding the A-H proton
resonance will typically
move downfield i.e. is

deshielded.

Lowering the temperature
of a A-H---B hydrogen
bonded system should
result in the downfield
shift of the A-H
resonance and heating
an upfield shift.

If A'is °N then >N-H---B
hydrogen bonding should

result in smaller Jisy_,
coupling constant.



Evidence of H-bonding by X-ray and
Neutron Diffraction Studies

 r,dand a are the main
parameters to characterise
an A-H---B hydrogen bond.

d For X-ray data R Is often

/\H; ------- used as r and d cannot be

oL B determined accurately.

* In order to claim an A-H---B
hydrogen bond, o must be
R close to linearity and d has

to be smaller than the sum of
the van der Waals radii of B
and H minus an arbitrary
value in the range of 0.1-0.2

A



