YNEPMOPIAKH XHMEIA - NANOTEXNOAOTIA

. Elocaywyn otnv Ytreppopiakn Xnueia (ZUvtoun avaokotrnan- YTTeEPUOPIaKA
ouoTiuara — rapadeiyuarta - BaolkEG apx€g, opoAoyia Kal opIoOi)

. AlapoplakeEG aAANAETTIOPAOCEIC
. Xnueia Mopiakn¢ avayvwpiong (Zeviotr — =eviI(OPEVOU)

. KareuBuvTtnpieg duvAueic oxNUATIONOU UTTEPHOPIaKWY ouoTnuaTwy (Driving
Forces) - BioAoyika utrepuopia

. KUKAODECTPIVEC - TTPOIOVTA EYKAEIONOU UE KUKAODELTPIVES
. KpuoTtaAAoypa@ikr) avaAuon UTTEPUOPIOKWY CUCTNUATWY

. Baoeig 0edoNEVWV — HEAETN NAEKTPOVIKWY APXEIWY OOUNAG UTTEPHOPIOKWV
ouoTNUATWYV

. Aopn — APXITEKTOVIKN UTTEPUOPIOKWY CUCTNHATWY

. YTTOAOYIOTIKA TTPOYPAMMATA HEAETNG UTTEPUOPIAKWY CUOTNUATWY -
BioAoyika utrepuopla

10. Elcaywynr oTn vavoTexvoAoyia

11. MopIaKEC HNXAVEC-UOPIAKOI OIAKOTITEG



H Ytrepuoplakn Xnueia givai:
- H Xnueia TnG ouvapuoyng Hopiwv Kal Twv dIaUOoPIakwY OGAANAETTIOPACEWY

(The chemistry of molecular assemblies and of the intermolecular bond)
(J.-M. Lehn 1987)

- H Xnueia mmépa atrod 1a popia
- H Xnueia Twv un-opoIoTToAIKwY dECUWYV

- Ta UTTEPUOPIOKA CUOTHMATA Eival OXETIKA PE TA POPIA KOl TOUG DIANOPIAKOUG
OECMOUG OTI KAl T JOPIA OXETIKA ME TA ATOUA KAl TOV OUOIOTTOAIKO OETHO

O 2KOTT0¢ TNG YTTEPPOPIOKAG XnMEiag gival:

- H JEAETN TWV UTTEPUOPIAKWY CUCTAUATWY Kal TWV OIAUOPIOKWY
AAANAETTIOPACEWY

- 20vOean, 1I010TNTEG, EPAPHOYEC KATT TWV UTTEPHOPIAKWY CUOTNMATWV.

“Where nature finishes producing its own species, man
begins, using natural things and with the help of this
nature, to create an infinity of species.”

Leonardo da Vinci



H utrepuoplakn xnueia divel Epeaon oTIC AAANAETTIOPACEIC METACU TWV NEPWV TTOU
OUYKPOTOUV TA UTTEPHUOPIA KAl OTIG AEITOUPYIKEG DOMEG TTOU avadUOVTAI ATTO AUTEG TIG
OUOYXETIOEIC KABWC Kal OTIC QUVAMIKEG AAANAETTIOPACEIC AQUTWY TWV OOUWV UE TO
TTEPIBAAAOV.

Concept: good team is greater than the sum of its parts

2 KOTTOG TNG YTTEPUOPIOKNG XNUEiag: H opydvwaon piag opadag tng otroiag n atmmrodoon va
gival onUAvTIKA KAAUTEPN aTTO TO ABPOICHA TWV ATTOOOCEWV TWV JEAWV TNG.

Function
(>A+B)
\ J/

JM Lehn: "Eva utrepuopio (supermolecule) gival yia opyavwuévn ouvleTn ovroTnTa
(organised, complex entity) TTou TTPOKUTITEI ATTO TNV £€vWon 2 1] TTEPICCOTEPWYV XNMIKWV
eIdwV (chemical species) pe dIauopIakES AAANAETTIOPAOEIS

Supermolecules ———




2Uykpion Opyavikig kal YITEPUOPIOKAG Z0UvBeong

Chemical Bonds Broken Chemical Bonds Formed
R
h Y
N_
On %;')Cl Océ/
hC"
||'| Organic Synthesis *_1
N - + H-C
@ + Hz&c “R
Molecule
Intermolecular Bonds Broken Intermolecular Bond Formed
H Supramolecular

Q H P Synthesis ,' -- ‘H O
C~g . - _@
vl o

Supermolecule



Mapadeiyyara onuavTiKwy YTTEPUOPIAKWY 2UCTNHATWY
|. DNA

H doun g owmAng EAtkog TpoxkOTTEL 0td TO GLVOVOGHO TV OVO OVTUITAPAAANA®Y
EMKOELOMV TOAVVOVKAEOTIOIKMDV AAVGIOMV Ol OTTOLEG GLVOEOVTAL LUE OECUOVG
VOPOYOVOL UETAED (evymV BAGEDV

VAR A

Natrve (doubie he«'uT |

(random cod)




Mapadeiyyara onuavTiKwy YTTEPUOPIAKWY 2UCTNHATWY

1. K xavaio

O pbOAo¢ TwV KavaAlwy KATIOVTWV €ival va dnNUIoUpyouUV Kal va KATEUBUVOUV Ta NAEKTPIKA
OrMaTa TTOU YivovTal aITia TT.X. va GUOTEAAOVTAI O JUEG, VO XTUTTA N KapdId Kal va
OKEQPTETAI TO MUAAO...

Extracellular

media
T K* out

Ot oAoKANpoUEVEC TOAVUEPELS
LeuPpovikéc mpmTeiveg mov
pvOuilovv TV TodTOTN KO LE
EKAEKTIKOTNTA KIVNOT TOV 10VT®
K* and to xvttopoéOTAacUO GTO
eEoxuTTapko puéco. O
OYMNUOATIGUOC KATOAAANA®V
«moOpwV» peyebovg mov va
TAPLALEL ATOKAEIGTIKA GE QVTO
tov K* eivatl anotéleopa puog
avto-opydvwong (self-assembly
Process) o€ £vo, VIEPUOPLOKO

K* in
GOGTNA cytoplasm



[Mapadeiypata oNUAVTIKWY YTTEPUOPIOKWY 2UCTNUATWY

[11. Tetpddeg yovavoaoivng (G-quartets)

O

Katdloima yovovosivig Hmopovv va GuvOuacsTOVV ')'{ I/\I)ILNHZ
(ne Hoogsteen H-bonding) npog oynuatiopo kokikay Ho— N "
TeTpoUEpOV YVOoT®V ¢ G-Tetpdoec (G-quartets).

Watson-Crick

Chemical structures for
Watson-Crick and
Hoogsteen AT and G<C+
base pairs. The
Hoogsteen geometry can \/

-
be achieved by purine (anti) 0 (anti)

(anti)

rotation around the

Hoogsteen

glycosidic bond (x) and
base-flipping (),
affecting simultaneously
C8 and C1' (yellow)




[Mapadeiypata oNUAVTIKWY YTTEPUOPIOKWY 2UCTNUATWY

[11. Tetpddeg yovavoaoivng (G-quartets)

KatdAowra yovavosivnc uropodv va cuvovactovv (pe Hoogsteen
H-bonding) tpog oyMUaTIGUO KUKAIK®V TETPUUEPDV YVOOTOV MG
G-Tetpdoeg (G-quartets).

E Loop 1 Loop 3

HO

s
~ oA
O
.-"'
“I
z""‘u
1

OHOH D N o/

H'-...N P:i — — A
RN N~ JN I >
AN NN N
! k




[Mapadeiypata oNUAVTIKWY YTTEPUOPIOKWY 2UCTNUATWY

[11. Tetpddeg yovowoc{vng (G-quartets)

Structure of parallel quadruplexes that

can be formed by human telomeric DNA



[Mapadeiypata oNUAVTIKWY YTTEPUOPIOKWY 2UCTNUATWY

[11. Tetpddeg yovavoaoivng (G-quartets)

Av10 mapatnpeital ota teAouepn. 'Eva tehopepéc elvarn pio meploym
enavonmtikov DNA 610 T€A0C TOV YpOUOGOUATOV TOL TPOGTATEVEL TO TEAEI® U
TOL YPOUOGOUATOC ot TNV Katactpo@r). H aAiniovyia ot teAopepn dapépet
amd €100¢ 6€ €100¢ AL YEVIKA Lo aAVGIO0 TOVS Elval «TAOVGIO GE YOLAVOGTvN.
Avtég o1 G-rich aAAnAovyieg umopovv va oynuaticovv four-stranded dopég (G-
quadruplexes), 6mov o1 tetpddec Twv G-Pdoewv GuyKpoTOVLVTIAL GE EMITESO KO

uetd otolalovron n i Tave otnv GAAN pe 1vta Nan K avéueca ota enineoa
quadruplexes.

Human chromosomes (grey) capped by telomeres (white)



http://en.wikipedia.org/wiki/G-quadruplex
http://en.wikipedia.org/wiki/G-quadruplex
http://en.wikipedia.org/wiki/G-quadruplex
http://en.wikipedia.org/wiki/Chromosome

[Tapadeiypata onUAVTIKWY YTTEPHOPIAKWY 2UCTNUATWY

V. Evloua

Example: Active site of /7

carboxypeptidase-A comprises:
-{(His),(Glu)Zn(OH,)} unit
-Substrate Binding Pocket




Mapadeiypata onUAvTIKWY YTTEPUOPIOKWY 2UCTNMATWY

V. Kpvotairot (vypoi, otepeot)

O KpOotaAlog eivor (ol vTepUOPLOKT) OVTOTNTO GYNUATIGUEVT] OO
EKATOUUDPLN LOPIMV GE Lo TTEPLOOIKT] OLATAEN TTOV EXLTUYYAVETAL LECD TMOV
AETTAOV 1GOPPOTLAOV TMV OLOUOPIOKDV OAAAETIOPEGEMV

The Single Crystal as a Super
Molecule;
C. Pascard.

Crystallography of Supramolecular
Compounds

Proceedings of the NATO Advanced
Study Institute

Series: NATO Science Series C, Vol. 480
Tsoucaris, Georges; Atwood, J.L;
Lipkowski, Janusz (Eds.) 1996, pp.127-

141



http://www.springer.com/series/5658

Baoikéc apyEc, opoAovia kair opioUOI

- AIdpopa JoPIaKA CUUTTAEYUATA EiXaV AvayVWPIOTEI Kal JEAETNOEI APKETO KAIPO TTPIV.
EvOeIkTIKA, 0 Opoc¢ “lbermolekiile”, dnA. uttepudplo (supermolecule) €10ixOn ota péoa
NG dekaeTiag Tou 30 yia va TTEPIYPAWEl OVTOTNTEG UYPNAOTEPNS OPYAVWONG.

-Ta yépn 1TOU ATTOTEAOUV TA UTTEPPOPIOKA CUCTAPATA ovoudlovTal utTTodoxEag

(p, receptor) kai urrooTpwua (o, substrate). To uTTéoTpWA Eival CUVABWC TO NIKPATEPO
TMAMa (component) TOU CUCTAPATOC Kal €ival auTo TTOU BEWPOUNE OTI TTPOCDEVETAI UE
KATToI10 TPOTTO aTov uTtodexEa. (O1 6pol daveilovral atrod 1n BioAoyia. O 6pog ligand, av
KAl XPNOIUOTIOIEITAI EUPEWG, €ival AlyOTEPO KATAAANAOG eCauTiag TNG ap@ionuns Xpnong
TOU Kal YIO Ta QU0 MEPN TOU CUMTTAEYUATOG)

MOLECULAR : " SUPRAMOLECULAR
CHEMISTRY 4 CHEMISTRY
covalent bond formation non-covalent bond formation

O

X covalent non-covalent

synthesis synthesis
+ - _
A host guest
(receptor) (substrate) complex

molecular building blocks supermolecule




[MoTe pIa Evwon XapakTnpei{eTal we
OUMTTAOKO;

n n n
gival Eva oTalEpO CUYKPOTNHA ATOMWY TO OTTOI0 ATTOTEAEITAI ATTO
éva qunemg METAAAIKO 10V, TO OTTOIO EVWVETAI HE
OPICHEVO APIOHO IOVTWYV I OUBETEPWYV HOpPIWV ( ). 0
QPIBUOC TWV UTTOKATACOTATWY AEYETAI




QopTio

[Fe(CN)e]*

Ap1Buoc

Kevtpiko atopo YITOKATAOTATEG .
ouvTagng

To @opTio TOU CUUTTAOKOU 1I00UTdI PE TO AAYERPIKO abBpoioua Twv
POPTIWV TWV CUCTATIKWY TOU.

1X2 (Fe) +6X(-1)(CN) =4



Alfred Werner Kal n 6swpia ToU yId TIC
OUMTTAOKEC EVWOEIC (A EVWOEIC OUVTAENC)

Mpiv amoé TIC epyaciec Tou Werner:

ZUMTTAOKEC EVWOEIC:
CrCl;-6H,0, AgCI-2NH,, PtCl,-2NH,

AITTAG dAac:

Alfred Werner Z& T1 O10QEpPEl TO OIAAUMA £vOg DITTAOU
(1866-1919) aAaTog Ao 1o OIGAUMA EVOC CUMTTAOKOU;
EABeTOC XNMIKOC

BpaBeio NouTtTéA

Xnueiag1913



Alfred Werner Kai n Gswpia TOU YId TIC EVWOEIC
ouvTagnc

‘Eva udaTiko didAupa FeSO,-(NH,),SO,-6H,0 (dI1TTAG dAag)
Ocixvel akpIBwWg TIC idIEC 1010TNTEC TTOU BEiXVEl Eva
ICOMOPIOKS HiYHA TWV ETTINEPOUC CUCTATIKWY Tou, dnAadni
ToUu FeSO, ka1 (NH,),SO,.

‘Eva udartiko didAupa AgCI-2NH, (cUuptTAoko dAag) dev
Ocixvel oute TIC 1016TNTEC TOU AQCI (TTOAU dUOdIdGAUTN évwon),
OUTE TIC 1010TNTEC TNC ApMWViag (Bacikd diaAupa).

O1 TeAgieg OTA CUUTTAOKQ OVONACONKOV «TEAEIEC TNG AyVOoIlAG»
AKPIBWCE O10TI 0 TUTTOC TWV OECTHUWY OTIC EVWOEIC AUTEC NTAV
dyvwoTocC.



FTAPAPATHMA
O1 aAANAETTIOPAOCEIC QUTEC APOPOUV OTNV AAANAETTIOpAC IOVTWY WE TTOAIKA
uopla. Eival trapopolol Je Toug 0EOUOUG TToU el@avidovTal OTIC EVWOEIG
ouvtagng (OUPTTAOKQ ) EVWOEIC CUVAPPOYNAG) TNG avopyavng XNUEIag Kal
Q@OPOUV KUPIWG 0€ JETAANIKA I6VTA. 2€ QUTA TA CUUTTAOKQ, UEPIKEC BAOEIG
KOaTda Lewis mrpoo@épouv (donors) Ta eAeuBepa {eUYN NAEKTPOVIWYV TOUG O€
METAAAIKA KATIOVTA TA OTToia Spouv oav ofEa Katd Lewis Kal dExovTal Ta
nAekTpovia (acceptors). O1 evwoelg ouvTagng Trou oxnuatifovral ovoudadlovral
KAl OCUMTTAOKO oUVTAENG VW OI OOTEC NAEKTPOVIWY ovopAdovTal TTPOODETEC
(ligands)

Adipolar bond, also known as coordinate

link, coordinate covalent bond, dative bond, .o + ﬂ

or semipolar bond, is a description of covalent H XN & H -I— [ H] —> HINGH
bonding between two atoms in which both ;}( "_}‘
electrons shared in the bond come from the

same atom. The distinction from ordinary H
covalent bonding is artificial, but the N }
terminology is popular in textbooks, especially oo oo
those describing coordination compounds. H_‘?J —H _I_ [ H] - H_ﬂU_H
Once such a bond has been formed, its H H

strength and description is no different from that
of other polar covalent bonds.The process of
forming a dipolar bond is called coordination.



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:



ZXNMATIOUOC Kal SO CUUTTAOKWYV

OMOIOTTOAIKOG BECHOC .
, O oxnuaTiIopog
cruwcif:ng ,_\ . 12+  ouptrAdéKoU WC
Fe2+ + :O—H ——> |Fe:O—H _avtispaon
ofU Lewis H PRdon Lewis H | Ogszé}gt E::g

OUMTTAOKO 10V AavTIOTOOMIOTIKA
‘ A \ , 16VTa
4— Poprio —_—

I:FE(CN)EI I0VTOg 4 K+ Baoikoi opiopoi

KEVTPIKG ) (A OTO TTapddeIyHa

2 . TOU CUMTTAOKOU
HETAAAO apI8péc oUvTagng I:IVIEWTDQ
4-

\_UTTOKOATAOTATES - [Fe(CN)]

, '
EVWON oUVTAgNG

472



ZXNUATIOHOC Kal DO CUNTTAOKWYV

Baoikoi opiopoi

ZULTTAOKO 10V E€ival €va HETAAAIKO 10V OCUVOEDENEVO ME
Baoceic Lewis HEOW OMOIOTTOAIKWY QECHWY CUVTAENG.

‘Evwon ocuvTta&ng eival pia Evwon atmoTEAOUMEVN CUVHOWG
ATTO CUMTTAOKO 16VTA Kal AAAQ 16VTA AVTIOETOU QOpPTIiOU.

YTtrokataoTdTeC (Ligands) eival o1 Baoeig Lewis 1Tou
ouvOéovTal HE TO HETAAAIKO ATOHO O éva OCUMTTAOKO.

Api1Buéc ocuvTagng evoc HETAOAAIKOU aTOHMOU O¢ Eva
CUMTTAOKO £ival 0 OAIKOG ApIBNOC OECHWY TTOU GXNMATICE!
TO METAAAIKO ATOMO ME TOUG UTTOKATACTATEG.




ZXNMATIOUOC KAl SO CUUTTAOKWYV

Mapadeiypata cURNTTAOKWY d1a@oépwy aplBuwy cuvtagng
ZUUTTAOKO ApIBu6¢ ocuvTagng
Ag(NH,),* 2
Hagl,~
PtCl,-, Ni(CO),, Cu(NH,),*

Fe(CO),, Co(CN):*-

Co(NH,)¢**, W(CO),

Mo(CN),*-

W(CN)g*+

ZuvnBiopuévol aplBuoi ouvragng: 2, 4, 6

0 ~N OO O S~ W

2Uuvn0éoTEPOC d.0. TO 6



EWMETPIKEC DOUEC

H yewpeTpia Twv cUPTTAOKWY UTTOpEl va TTpoPBAe@Oei pe Baon Tn Bewpia
VSEPR kabwc¢ Kal e T Oewpia Tou uBpi1diocpou.

[Zn(NH,),J** Pt(NH,),Cl,

[Ag(NH;),]*
H,N-Ag-NH,

(Fpappikn)

TETPAEPIKS

[Co(NH,).I*




2XNMATIOUOC KAl DO CUUTTAOKWYV

O1 cuvnBéoTepec OOMEC TWV CUMTTAOKWY

H yewpeTpia evog CUNTTAGKOU CapTdTal ATTO TOV ApPIONO
ouUVTAENS KAl TN UON TOU KEVTPIKOU METAAAIKOU 160VTOG.

0.0.=2 = YPOMMIKA 0.0.4 = emiTedn TETPAYWVIKH
[CuCL]-, [Ag(NH;),], [Ni(CN),]2-, [PdCl,]2,
[AuCl,)" [Pt(NH;),]>*, [Cu(NH;),]**




ZXNMATIOHOC KAl SO CUUTTAOKWYV

O1 cuvnBéoTepeEC DOMEC TWV CUMTTAOKWYV

@
/]

o

A
@

0.0.=4 = TETPUAEOPIKNA
[Cu(CN)*,  [Zn(NH;),]*,
[CdCI,]?, [MnCl,]%

&

&

N

a.0. 6 = OKTAaedpPIKNA

[FeClg]*, [V(CN)e]*,
[Co(NH,),CLI*,  [Ti(H,0)¢1*



lMoleg ouciec dpouv wg
UTTOKOTOOTATEG;

Mia oucia yia va Spdoel W UTTOKATACTATNC TTPETTEI, OE
eAeVOepN KaTaoTaon, va S1abeTel Eva TouAaxioTov pun SecuIKO
{eUyoc NAEKTpOVIWV.




MovoOoVvTIKOi — TTOAUOOVTIKOI
UTTOKOTOOTATEC

OT1av Evacg UTTOKATAOTATNG CUVOEETAI JE TO KEVTPIKO ATOMO ME
gva deopo (KataAaufavel gia BEon ocuvragng), TOTE AEyeTal

n
Otav opw¢ KataAappavel nEplﬂﬁnTEpEg oo Hia BECEIC
ouvTa&nc ovopalerai n

aiBuievoSIapivn (en)

UMHWViIa




YTTOKATAOTATEC

MovodovTIKOi Kal TTOAUDOVTIKOI UTTOKATACTATEG

MovodovTIKoi utTToKaTaoTATES (L)

OudéTepa poépia AviévTa ATtopo d6TNn¢
N dToMa

CcoO CN- C

NH,, RNH, NO,~, NCS~ N
H,O, ROH OH-, CO,%-, CH,COO0- o

R,S SCN- S

F, Cl, Br, | F-, Cl-, Br, I F, Cl, Br, |
Mapadciypara

[Fe(CO).], [V(CN)cI*, [Cr(NO,)]>-, [Co(SCN),J%, [Ni(NH,):]*,

[Fe(H,0);0H]?*, [AuF,]-, [MnCl,]*, Hgl,> 18



YTTOKATAOTATEC

MoAUBOVTIKOI UTTOKATAOTATES

AIOOVTIKOI UTTOKATAOTATES

3 O
o, o
[ 1] ' 1] //'r . (q\
HEN_(‘HE_ (HE_NHI =4 0 R

AlBuAevodiapivn (en) OZaAIKo 16V (0X)

OE

o-PaivavepoAivn AiTupidivn 19



YTTOKATAOTATEC

MoAUBOVTIKOI UTTOKATAOTATES

A1BuAevodiapivoTeTpaoliké aviov, EDTA4-
£vag £CadOVTIKOC UTTOKATAOTATNG

O ek
- r.‘)—('%(:H2 /CHQJZI—O n
NCH,CH,N
-:Q —CCH, CH,C—O:~
0 5

XNAIKOG GUUTTAOKO: £€va GCUMTTAOKO TTOU oXnHaTtileTal atrod

TTOAUBOVTIKOUC UTTOKATACTATEC.

Ta XnAIKA cUPTTAOKA €ival cuviiOwc¢ TTOAU oTafepd. 20



AIBUAEVODIOUIVOTETPAOEIKO OU (EDTA)

2 UUTTAOKO paTa)\)\ou M pe to EDTA. TUTTIKO pOopPIaKO HOVTEAO XNAIKAG Evwong
BEo€Ic ouvdeonc. (chelate), ouuttAOKO pHETAAAOU-EDTA.

H ovouaoia rpoépxetal atrd Tnv eAANVIKA AéEn XnAR (daykava, T1.X. EVOC a0TOKOoU)

http://www.chem.uoa.gr/chemicals/chem_ EDTA.htm



Aopun XNAIKOU cUuuTTAGKOU pNETAAAOU — EDTA

0
|
C
4 \
0 I g CH
B e
- |
0
\M/N\ -
i »\ /u-i2
/ N CH,
/C\C/ \
H, o\ /Cu_,

ZuptrAoka EDTA-M

Avaloyia 1: 1
avegdpTnTa ATTO TO
@opTio Tou M:

Ag* + EDTA* —
Ag(EDTA)*

Ga** + EDTA*
Ga(EDTA)-

KovospBoTtroinuéva
TPOQINa = BéoUEUDn
IOVTWYV

AvTidoTo O¢
dnAnTtnplaceig amo Ph2*



H doun TncC aiung

Cj=(“:"’
HCC/\ /\g—cuz

(H, (I_: N (L /(-:H_'i
e AN | / N
bEr
fﬁxnﬁ// ‘. \\\U%#Q\
':l“.H1 {H /N ‘ I’T'|‘H
T2 HC—C c—cH CH,
COOH N\ )

t‘ff(i:\

L Y

CH, Ll

COOH

H aipoocoaipivn
atroTeAgiTal atré TNV
TTPWTEIVN oQalpivn
XNHUIKA EVWHEVN ME
4 poépia aipng

Aiun: emTiTredo XnAIKS
oUuTTAOKO Tou Fe?* pe
TTopPUpPIVN
(TETPADOVTIKOC
UTTOKATAOTATNG)

22



To ouptTAoko Fe — O, oTnV aipn
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2UVEPYIOTIKA TTPOCOEC OEUYOVOU OTNV AIJOC@aIpivN




18-crown-6 coordinating a K+ ion
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12-crown-4, 15-crown-5, 18-crown-6, dibenzo-18-crown-6, and diaza-18-crown-6



KAAI=ZAPENIA

poTagavio




H Ytrepuopiakn Xnueia KAAUTITEl Eva OIETTIOTAMOVIKO TTEQIO KAl N
OPOAOYIO TNG TTPOEKUWE ATTO OIAPOPEC TTNYEC OTTWC: avopyavn XNUEiaq,
OPYQVIKN XNuEia, Broxnueia kail uaoikoxnueia. Autd €ixe we atToTEAECHA
TTOAAEC (POPEC VO XPNOIYOTTOIOUVTAI DIAPOPETIKOI OPOI YIa VA
TTEPIYPAWOUV TO EEVIOTH Kal TO ¢evi{Ouevo poplo. ‘ETol 1.x. éva
uttodoxéac (receptor molecule) (€va EévCupo oTn Bloxnueia) utropei va
avagEpeTal Kal wg poplo ¢eviotng (host) i binding agent...

2. UVWVUUN opoAoyia TTou XPpNOIUOTTOIEITAl:

Host (ZevioTAG)

Guest (=evi{6uevO)

Ligand

Metal

Enzyme

Substrate (ligand) (Ymrootpwa,
TTPOOdETNG, OUVOETNG, TTPOOCDENQ)

Receptor (Ytrodoxeag)

Substrate (ligand) (Ymrootpwa,
TTPOOdETNG, OUVOETNG, TTPOODENQ)

Receptor

Drug (BiodpaaoTikn ouaia,
@APUOKO)

Antibody (avTicwua)

Antigen (avTiyovo)




2UuTTAOKO
OVTIYOVOU-
OVTIOWHATOG




Antigens AvTiyovo:H ¢€vn ouaia TTou TTPOKaAEi TNV

r w W avooofioAoyIKn atrokpion (IKavoTnTa TOU
_ opyaviouou va avayvwpicel oTtoladATIoTE EEVN TTPOC
AUTOV ouadia Kal va avTidpd TTapAyovTag
Antigen eCEIOIKEUMEVA KUTTAPA KOl KUTTAPIKA TTPOIOVTA (TT.X.

QAVTIOWHATA), WOTE VA TNV ECOUDETEPUITEI )

\/ﬂmtigen-binding site

Q)¢ avTiyovo utropei va dpaaccel:
- €VOG OAOKANPOG HIKPOOPYAVIOHOG (T1.X. 16G, BakTipIo K.4.),
- éVa THAMA JIKPOOPYAVIoUOU
- TOCIKEG OUCTIEC TTOU TTAPAYOVTAl ATTO PIKPOOPYAVIOUOUG.
- N yupn, (GAAEPYIKESC aVTIOPATEIQ)
- OIAPOPESC PAPMAKEUTIKEG OUTIEG,
- OUOTATIKA TPOPWYV,
- KUTTOPA ) 0pOG aT1rd AGAAa dToua ) wa K.4.
Antibody
Avticwpata R Avoooo@aIpiveg
[MpwTeiveC peydaAou popiakou BAPOUC TTOU TTapAyovTal KAl EKKPivovTal atrd Ta
gvepyotroinuéva B-Agd@okUTTOpa (TTAGOUATOKUTTAPA) WG ATTAVTNON OTNV
EMPAVION EVOC AVTIYOVOU.
E¢e101keupévn dpaon:
KaBe avtiowpa ouvoEeTal EKAEKTIKA HOVO UE TO CUYKEKPIPMEVO AVTIYOVO TTOU
TTPOKAAECE TNV TTapaywyr) Tou. OTTwe KABe KA€Idi avoiyel Yia OUYKEKPIMEVN
KAE1O0DIA.



Aopyn avriowparoc

antigen- antigen-
binding site binding site

hinge
regions

light chain

heavy chain heavy chain

HOOC COOH



Antigen
binding
site

Fap fragment

Fc fragment



http://upload.wikimedia.org/wikipedia/commons/a/a9/Antibody_IgG2.png

Antibodies interact with
antigens in a variety of ways

Antigen inserts into a
pocket in the antibody

]

!
K \
Y \

~ Antigen interacts
with an extended
“_ antibody surface
W, W, “hor a groove in
°P ) the antibody
surface




2NMAVTIKN N MEAETN TOU CUUTTAOKOU AVTIYOVOU
QVTICWMATOC KAl TTOAAEC EPAPPOYEC

2.€ ueBOdoucg ELISA yia Tnv avixveuon, Tov
TTPOCOIOPIOKO KAl TNV TTOCOTIKOTTOINON
QVOOOOPACTIKWY HOPIWV- dIaYWVWOTIKA

[10 KUTTOPIKO EVTOTTIOUO UOPIWV OTOXWV-
QVOOOIOTOXNMEIO KAl avoooPOopIouOg

()¢ OepaTreuTIKn aywyn o€ acBeveiec oTTwe N RA
2.€ Bloaiodntnpec SPR yia Tnv evioxuon Tou
ONMATOC

()¢ KATAAUTEC (KATOAUTIKA QVTICWUATA)

2.€ VAVOTEXVOAOVYIKEC EPAPMOYEC



Supramolecular formation Energy conversion

‘h.
igm  Chemically \
Modified |g-r; .Y

Mnnnclnnal
antibodies '

Substrate apeclfltlt'_-,f .
_ Enantloselectlvity |

Biosensing



Agvopouepn

o AEVOPITIKA QVTIOWHATA —UTTEPUOPIA,
OUVOETIKA avTIOWPATa.

e 2UuUTTASyuaTa IgG kail IgM pe Tn

B Antigen of [ah

Hawker et al. J. Mater. Chem., 2003, 13, 2653-2660.



Ymepuopiakn KaraAuaon

The Royal =ociety of Chemistry
Chemical Soence f Chemistny World News

 To TPWTO TTAPADEIYHA EKAEKTIKAG

udpoyovwong HE CUUTTAOKO avoo oo PaIpivng-
MeTAAAOU HETATTTWONG ME £EEI0IKEUON
UTTOCTPWHATOG



AcuppueTpn KataAuTikn Yopoyovwaon

Antibody-transition metal complex
as an asymmetric catalyst

CO,H CO.H

Ha, [Rh]
-
NHCOCH; Antibody 1G8

>

NHCOCH,

N-Acetyl- L -alanine

QO
e D
™ e P T o e
Hmﬁx N~ Hh_l/]
e
Antigen binding site of
antivody 1G8

Yamaguchi and Takada. Org. Biomol. Chem. 2006, 4(19), 3571 - 3573



Ta KATOAUTIKG QvTIOWPOTO OPOUV HE
TTPOOdEON KAl OTABEPOTTOINON OTO

UETO

3ATIKO OTADIO TWV AVTIOPATEWV

AuvnTIKA UTTOPEI va KOTaAUBEI
OTTOIOONTTOTE AVTIOPAON

—ETTEPVOUV TA OPIA TNG KAAOTIKNC
KOTaAUONC KAl TOUG TTEPIOPICTUOUC TWV
EVCUUIKWY QVTIOPACEWYV

TT.X. oUvBOeon naproxen PYe UudPOAUON
E0TEPA KATAAUOMEVN ATTO AVTICWUA



Mn ouoiorroAikoi SOOI OTIC
AAANAETIOPACEIC AVTIYOVOU AVTIOCWMNATOC

HAEKTPOOTATIKEC AMNAemtibpaon petafl avtiBetwy
AUVAELC NAEKTPLKWY dopTiwv
Aegopot Yépoyovou atopa udpoyovou potpalovral Petay

NAEKTPAPVNTIKWY ATOUWV

Auvdp,slq Van der Waals | AvtiBetn noAwon YELTOVIKWY OTOUWY HEOW
TWV NAEKTPOVLOKWYV VEDWV

YépodoBec AuvAUELC AnwBnon popiwv vePOU HECW TNG CUPPONG
LOpOPoPwv opadwv




O1 d1apoplakeC aAANAeTIOpACEIC aTToTEAOUV TN BAoN yia TN
LOpPIaKN avayvwplon, TIC avTIOPACEIC, TG METAPOPAC Kal AAAWV
BloAoyIKwV dlEPYATIWV OTTWC:

* TTPOOCOECN UTTOOTPWHATOC O€ TTPWTEIVN UTTOO0XEA
* EVCUupIKn KaTtaAuon
* 2XNMATIONOGC CUUTTAOKWYV TTPWTEIVNC-TTPWTEIVNG

* 2XNMUATIOCPNOC AVOCOTIOINTIKWY CUCTNUATWY AvVTIYOVOU-
QAVTIOWMNATOC

« MeTappaon Kal HETEYYPAPI) TOU YEVETIKOU KWAIKA
« ETTayWwyn oAUATOC OTOUC VEUPODIARIBAOTEC

« KUTTAPIKN avayvwpion



O oxedlaopoc TEXVNTWY, ABIOTIKWY UTTOOOXEWV IKAVWYV VO CUUMETEXOUV
o€ OladIKaagieg eOEIKVUOVTAC TNV uWynAoTepn duvarn
QATTOTEAEOMATIKOTNTA KAl EKAEKTIKOTNTA ATTAITEI TO CWOTO XEIPIOPO TWV
EVEPYEIAKWY KAl OTEPEOXNMIKWY XOAPOAKTNPIOTIKWY TWV UN-OUOIOTTOAIKWY,
OlAMOPIOKWY OAAANAETTIOPACEWY PHECA OTO TTAQICIO MIAC TTPOCDIOPICHEVNG
MOPIAKNAG APXITEKTOVIKNG.

(Avaykn akpifouc orepeodOUNC — KPUOTaAAoypagia)

An Introduction to the Crystallography of Supramolecular Compounds; J.L. Atwood.

Crystallography of Supramolecular Compounds

Proceedings of the NATO Advanced Study Institute
Series: NATO Science Series C, Vol. 480

Tsoucaris, Georges; Atwood, J.L; Lipkowski, Janusz (Eds.) 1996, pp.1-6

['10 TO OKOTTO AQUTO, KATTOIOC UTTOPEI VA AVTANCEI EUTTVEUON ATTO TNV
TTPWTOTUTTIA KAI TNV «ETTIVONTIKOTNTA» TWV BIOAOYIKWYV dIEPYATIWV
KABwWC¢ Kal va TTapadEIYUATIOTEN atTd TNV UWNAR aTTOTEAEOUATIKOTNTA,
EKAEKTIKOTNTA KAl TTOIKIAIQ TTOU QUTEG £XouV. H xnueia, Opwg, Ogv
TTEPIOPICETAI OE CUOTHAUATA TTAPOUOIA JE AUTA TTOU MEAETA N BioAoyia
aAAG gival eAeUBepn va dnNUIoUPYNAOEl Kalvoupyla €idn Kal va avaKaAUYEl
KaIvoupyleg O1adIkaaieg (Brouiuntikn).


http://www.springer.com/series/5658

Baoikég Asitovpyiec TV VTEPUOPLIKAOV GUGTIUATOV

H npd6deomn vrootpdpatog (substrate: o) otov vodoyEa Tov
(receptor: p) odnyei otn dNUIOLPYIC TOL LITEPLOPIOV
(supermolecule: po) uécm pog OlodIKACTOG LOPLOKHC
avayvwpilorg.

Edv, eminpocOitmc Tmv mEPLOY®V TPOGOECNC, O VITOOOYENS
UTOpEl voL TPOKAAECEL yyuiko ustacynuaticuo (chemical
tranformation) oto mpocdedepuévo vrooTpOUO AEUE OTL
CUUTEPLPEPETOL GAV EVOL VTEPLOPLOKO OVTIOPOCTIPLO 1
VTTEPLIOPLOKOC KATAADTTG.

‘Evag Mmdéeirog, uepppovo-otoivtoc (membrane-soluble)
VTTOO0YENC UTOoPEl vor coumeplpepOel m¢ petopopog (carrier)
mov pokaiel Tnv translocation (uetagpopd, dropetddeon,
aAALODEGT)) TOV TPOGOEOEUEVOL VTTOGTPDUATOC,.




Baoikég Asitovpyiec TV VTEPUOPLIKAOV GUGTIUATOV

H poproxr avayvopion, 0 LETOACYNUATIGUOG KOl 1] LETAPOPU.
(molecular recognition, transformation, translocation)
ATOTEAOVV TIC SaOIKES AEITOVPYIES TMV VTEPUOPTOKDV
cvotnudtov. I cvvletec Asttovpyieg umopovv va
TpoKOLYOLV 0td TN 01ddpacn (interplay) stapopmv
VTTOULOVAOMV TTPOGOECNC EVOG TOAVTOTIKOD GUVLITOO0YEN
(polytopic coreceptor) [BAéne endueveg dapdveleg]

Edqv opiouéva vmepuopior e 0E00UEVEG AEITOVPYIKEG
IKOVOTNTEC GLVOLOGTOVV GE OPYUVMOUEVH TTOAVLOPTOKA,
ocvykpotnuoro (polymolecular assemblies) umwopovv va
001 YNOOLV GTNV aVATTLEN Hopraxay unyyavaov (molecular
devices). [ PAéme oynua]
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To medio ¢ vreppoproknc ynueiag, (Lehn: the designed chemistry of the
Intermolecular bond) sivai tepdoTio Kot avarTHGGETOL d10PKMG Kol TAYVTATO TPOG
OAeG TIC KATELOVVGELS TOVL APOPOVV GTO PUGIKA Kl BLOAOYIKE QOIVOUEVO TNG
LLOPTOKTC EMIGTHUNG.

Oa eCetdoove HEPTKEC LOVO OYELC 0LTOD TOL TEDIOL KOAOLVOMVTAC Lo

KOLTTYOPLOTOiNGM mov oyeTICeETOL TEPLGTOTEPO LE TO UEYEDOC TOV TEMKOD
VIEPLOPLOKOD cuoTiuatoc o¢ eEng [Ariga & Kunitake, 2006]:

(i) Mopokn avayvopion (ynueia Eeviot-Eevilouévov). Ev yével £xet va kdvet e ta
UIKPOTEPD, VITEPUOPLUKE CUGTILLOTO KOl TEPLYPAPEL TIC AAANAETIOPAGELS LETAED
Ayov popiov.

(i1) Xnueio apyIteKTOVIKNG VIEPUOPIOV GE CUYKEKPILEVA GYNUATO (LOPIOKES UNYOVEC)

(i) Xnueio toAvTAnOmV poplakmv cuykpotnudtwyv (molecular assemblies)
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National Nanotechnology Initiative — http://www.nano.gov



NavoemoThuec kai NavoTexvoAoyia

Kataokeury SopwV Kal IaTAZEWY VAVOOKOTTIKWY OIA0TACEWV
2 TIPOCEVYIOEIg

- OTTO TTAVW TTPOC Ta KATW (top — down) MIKpONAEKTPOVIKI O€ VAVOOIQOTACEIG
* PwtoAiBoypagia (photolithography), AiBoypagia 6éounc cwuatidiwy (particle
beam lithography)
* Mopiakn emtacia déoung (molecular beam epitaxy, MBE)
* EKTUTTWOON PE WeKAOMO (inkjet printing)
* NiIBoypagia akidag oapwaong (scanning probe lithography)

- ATTO KATW TTPO¢ Ta Travw (bottom - up)

* AuTO — ouvappuoAoynon (self-assembly) douikwy OTOIXEIWV
TEPTYPAPEL TNV AVLTOVOLT OPYAVOGCT] QOUIK®OV GTOLYEIMV o€ HoTifa 1 OOUES Y®Pic eEMTEPIKN
mopEuPaocn kot propet va mopatnpndel oe OAeC TIC KAIHaKES peyebmv

* AuTOo — opyavwon (self — organization) ocucTAPATOG
TEPTYPAPEL EV YEVEL T1] GLALOYIKT] GLUTEPIPOPE QOLUKDOV GTOLYEIDMV GOV AMOTEAEGLLOL TNG
aAAnAeniopaonc petadd Toug



AUTO-CUVOPPOAOYNON KAl QUTO-0PYAVWON

XAPOAKTNPIOTIKO TWV OIEPYACIWYV QUTWYV €ival N EAAEIPN KEVTPIKOU EAEYXOU TTAVW
oTa pépn. AvtiBeta o ‘€Aeyxoc’ TNG dOPNG €ival dlavepnUEVOG o€ OAO TO cUOTNUA.
OAa 1a pyépn TTapoAo TTou AAANAETTIOPOUV JOVO PETALU TOUG CUVEICPEPOUV
eCioou OTNV AQUTO-OPYAVWON TOU CUCTAMNATOG.

[lapadeyua

H ep@avion auBopuntngG HayvATIONS TWV O1dNPOPayvNTIKWY UAIKWYV KATW aATTo
UNOEVIKO payvNnTIKO TTEdiI0 0€ XauNAEC BeppoOKpaTiec KaBWS Ta spin
OpYavVWVOoVTal JETALU TOUC.

Ta o1V aAANAETTIOPOUV PHETAEU TOUG O€ TTEPIOPICHEVN XWPEIKNA €KTaOoT. QOTOOO,
TO TEAIKO UAIKO oav ‘OAoV’ epgavilel KATw aTTO TO KPIiOIUo onUEio yayvnTion,
XOPAKTNPIOTIKO TO OTTOI0 OEV AVAPEPETAI OE KATTOIO OTTIV EEXWPIOTA.

EmitTA€ov, TO QUTO-0pYyaVOUUEVA CUOTHUATA EUPAVICOUV OUVOAIKA VEEC IDIOTNTEC
g€ KGO e1TiTed0 0pyavwanc EV OUYKPIOEI UE TO AUECWC TTPONYOUUEVO ETTITTEDO.
H autoopydvwaon Kal auTo-ouvapuoAdynon ITTopouv va Trapartnendouyv o€
TTOAAQTTAQG TTiTTEQA. AOUEC OI OTTOIEC TTPOKUTITOUV JE QUTO-0PYAVWON TWV
MEPWYV EVOC OUCTAMATOC ATTOTEAOUV TIC DOMIKEC HOVADEC YIA €K VEOU QUTO-
opYyavwaon o€ aVWTEPO ETTITTEDO.




Science, (1991), Vol 254, Issue 5036, 1312-1319

Molecular self-assembly and nanochemistry: a chemical strategy for the synthesis
of nanostructures

GM Whitesides, JP Mathias, and CT Seto

Mopiakn auro-cuvapuoAoynaon €ival n aubopuntn cuvapuoyn
HOPIWV KATW aTTO OUVONKEC I00PPOTTIAC TTPOC OXNUATIONO
OUCOWMNATWHATWY TTOU CUYKPATOUVTAI [UE UN-OUOIOTTOAIKOUG
dECTUOUC.

H pyoplakn auto-ouvappoAoynon €ival Kupiapxn o€ OAa Ta
BIOAOYIKA OCUCTAMATA KAl ATTOTEAEI TN BAON YIO TO OXNUATIONO
EUPEIAC TTOIKIAIOG TTOAUTTAOKWYV BIOAOYIKWYV OOHWV.

H kKaravonon tnG auto-cuvapuoAOynong Kal TwV JN-OMOIOTTOAIKWYV
AAANAETTIOPACEWY TTOU AauBAvOouV XwpEa Kal OUuvOEOUV
OUMTTIANPWUATIKEG MOPIOKEG ETTIPAVEIEC TTPOC OXNMATIOHO
BIOAOYIKWV CUCOWUATWHATWY Eival BepeAILVOOUC oNUACiag yia TN
doMIKN Bloxnueia.



Science, (1991), Vol 254, Issue 5036, 1312-1319
Molecular self-assembly and nanochemistry: a chemical strategy for the synthesis

of nanostructures
GM Whitesides, JP Mathias, and CT Seto

H auto-cuvapuoAoynon, €mmiong, avaduEeTAl WG MIA VEAQ OTPATNYIKNA
oTN XNMIKA oUvBeon TTouU UTTOPEI va 0dnyNoel o€ PUN-BIOAOYIKEC
Oouéc pe dlaoTtaoelc 1 ewc 102 vavopetpa (e poplakeEC padleg 104
to 1010 daltons). O1 peyaAUTepEC aTTO TIC DOPEC TTOU AVAKOUV O€
QUTA Ta OpIa €ival ATTPOCITEC NEOW XNMIKNG ouvBeonc. ETTouEvwc,
N IKAVOTNTA TTAPACKEUNC TOUG AVOIYEl Eva OPOMO Yia TNV
TTPOCEYYIoN OOUWY CUYKPIOIHWY O€ hEyEBOC (kal TTiBava
OUMNTTANPWMATIKWY WGE TTPOC TN AEITOUPYIA) UE QUTEC TTOU
TTapaockeualdovTal e MIKPOAIBoypa@ia Kol AAANEC TEXVIKEC
microfabrication.



H popirakn auvro-cuvappuoAoynon (molecular self-assembly)
avaAlauBavel To poAo TNG dNUIoUPYIOC CUCOWHATWHATWY HOPIWV TTOU
epgavifouv TTpoocavatoAiopo uwnAng TaENc o€ pia, dUOo 1) TPEIG
Ol0OTACEIC.

Ta ouocowpatwuarta (assembles, aggregates) cuykpaToUuvTal PE
OMOIOTTOAIKOUG OECOUGC
N KATA KAVOVA JE UN OJOIOTTOAIKOUG OTTWG

deo oI udpPOYOVOoU,

duvapelc Van der Waals

N MEOW OAANAETTIOPACEWYV NAEKTPOVIWVY TT-TT.

EmTAEov, onuavTiKO pOAO OTN dNMUIOUPYIa TWV CUCCWHATWHATWY
TTaidel KAl TO OXNMO TWV JOPIiWV Ta OTToIa TTPETTEI va EgaviouV
OUMNTTANPWHATIKOTATA WC TTPOG TN YEWMPETPIA TOUC.



2nt bond

,'bond

bridge

bond

E

~ Van der Waals interaction

iR &

—Cys-S-S—Cys—

Donor (here N), and
acceptor (hexe 0)
atoms <3.5

Donor (here N), and

acceptor (here 0)

atoms <3.5

Depends on dielectric
constant of medium.

Screened by water.
1/r dependence

Short range.

Falls off rapidly beyond

separation.
1/r8 dependence

15A

22A

284

30A

Variable

354

356 kJ/mole
(610 kJ/mole for a C=C bond)

167 kd/mole

12.5-17 kd/mole; may be as high as
30 kJ/mole for fully or partially
buried salt bridges (see text),

less if the salt bridge is external

2—6 kJ/mole in water;
12.5-21 kJ/mole if either donor
or acceptor is charged

Depends on distance and environment.
Can be very strong in nonpolar region
but very weak in water

4 kd/mole (4-17 in protein interior)
depending on the size of the group
(for comparison, the average
thermal energy of molecules at
room temperature is 2.5 kJ/mole)



P a0 @

TOO0 o1 aAANAETTIOPACEIC OO0 KAl TO OXAMA JMTTOPEI va XapakTnpidovTtal aTtro
KATEUBUVTIKOTNTA KAl EKAEKTIKOTNTA XWPIC, WOTOOO, AUTO VA ATTOTEAEI TOV
Kavova. ['eviIKa waoTO00, KAWia atrd TIG OUO QUTEG TTEPITITWOEIC O TTailEl
ONMUAVTIKOTEPO POAO aTTO TNV AAAN OTN OTABEPOTTOINON TOU CUCCWHATWHATOG.
O 6po¢ poprakn avayvwpion (molecular recognition) repiypdagel TRV apoifaia
avayvwpion Kal aAAnAeTTidpaaon (yia To oxNUATIONOG CUCCWHATWHATOS OTNV
TTPOKEIMEVN TTEPITITWAOTN) DUO POoPiIWV N OTToIa EKPEEI ATTO TA CUMTTANPWHATIKA
XOAPAKTNPIOTIKA TOUG OO0V aPopa TO XNMa Kal TO €id0¢ TOUG.

H popiakr auto-cuvappoAdynon HECW N OMOIOTTOAIKWY OECUWY TTEPIYPAPETAI
at1rd TOV OPO UTTEPMOPIAKN auTo-ouvapuoAoynon (supramolecular self-
assembly).

H avriorpswiudrnra Tou TTpoc@EPETAl aTTO TNV AoBevh pUON TWV UN
OMOIOTTOAIKWYV OECHWY ETTITPETTEI OTA HOPIA QUVANIKA va BEATIOTOTTOINOOUV TIG
O£0¢€IC TOUC UE akpifela TTPOC Wi oTaBePr, KOAWG OPICHEVN, VAOVOOKOTTIKI)
QPXITEKTOVIKI). ETTITTAE0V, OI QUTO-CUVAPPOAOYOUUEVEC DOMPEC TEIVOUV va
QTTOMOKPUVOUV KABE aTtéAgla atrd TOV OYKO TOUC Kal va avadopouvTtal KataAAnAa
o€ aAAQYEC TOU €CWTEPIKOU TTEPIBAAAOVTOC O€ UIa TTPOCTIABEIA va TTAPANEIVOUV
000 TO dUVATOV TTIO KOVTA OTO OnuEio BEpUodUVAUIKAG IC0PPOTTIAC.
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Noncovalent interactions play critical roles in the biological world. Thus, with just
a few building blocks, strands of nucleic acids allow huge amounts of information
to be stored, retrieved, and processed via weak hydrogen bonds.

Similarly, a large array of signaling molecules within cells recognize subtle
differences in protein surfaces.

Supramolecular chemistry has implemented these principles of molecular
information in chemistry.

Through manipulation of intermolecular noncovalent interactions, it explores the
storage of information at the molecular level and its retrieval, transfer, and
processing at the supramolecular level via interactional algorithms operating
through molecular recognition events based on well-defined interaction patterns
(such as hydrogen bonding arrays, sequences of donor and acceptor groups, and
lon coordination sites).

Its goal is to gain progressive control over the complex spatial (structural) and
temporal (dynamic) features of matter through self-organization. This has first
involved the design and investigation of pre-organized molecular receptors that
are capable of binding specific substrates with high efficiency and selectivity.




Three main themes outline the development of supramolecular
chemistry:

() Molecular recognition between artificial receptors and their substrates
relies on design and pre-organization and implements information
storage and processing.

(i) The investigation of self-organization relies on design for inducing the
spontaneous but controlled assembly of sophisticated supramolecular
architectures. It implements programming and programmed systems.

(i) The third, emerging, phase introduces adaptation and evolution. It
relies on self-organization through selection in addition to design, and
implements chemical diversity and “informed” dynamics.



Molecular Recognition

Supramolecular chemistry first harnessed
preorganization for the design of tailor-made
molecular receptors effecting molecular rec-
ognition, catalysis, and transport on a variety
of substrates. from metal 1ons to anions and
chiral molecular substrates (/, 2). It also
opened new vistas to chemical synthesis, es-
tablishing procedures for the construction of
supramolecular entities and providing su-
pramolecular assistance to synthesis in which
noncovalent positioning ot the components 1s
followed by covalent bond formation (/.
6—~). Both arecas will continue to provide
access to highly sophisticated noncovalent
and covalent entities.



Self-Organization

Bevond preorganization lies the design of
programmed systems that self-organize
through explicit manipulation of molecular
recognition features, thereby directing the
buildup from their components of supramo-
lecular species and devices (/, 9-/3). Such

molecular recognition—directed self-organi-
zation has given access to a range of su-
pramolecular entities of truly impressive ar-
chitectural complexity, making use of hydro-
gen bonding, donor-acceptor interactions,
and metal coordination interactions for con-
trolling the processes and holding the com-
ponents together. Examples are inorganic and
hydrogen-bonded multicomponent entities
(6-15) and interlocked mechanically linked
compounds (//, /6) that would otherwise
have been too difticult to construct. In these
programmed systems, the components must
contain the information required for their as-
sembly into a well-defined supramolecular
entity through the operation of specific rec-
ognition algorithms. Understanding. induc-
ing, and directing such self processes are key
to unraveling the progressive emergence of
complex matter. Self-organization is the driv-
ing force that led to the evolution of the
biological world from inanimate matter (4,
3). The inclusion of dissipative nonequilib-
rium processes, like those present in the liv-
ing world, constitutes a major goal and chal-
lenge for supramolecular chemistry.



Self-Organization Through Selection

Supramolecular chemistry 1s dynamic by na-
ture because of the lability of the interactions
that connect the molecular components of a
supramolecular entity. The reversibility of
the associations allows a continuous change
in constitution, either by internal rearrange-
ment or by exchange, incorporation, and ex-
trusion of components. Thus, supramolecular
chemistry 1s a constitutional dynamic chem-
istry (CDC) generating constitutional diver-
sity. It enables selection of a given constitu-
ent, made up of a well-defined set of compo-
nents, from a pool of compounds with all
possible constitutions, under the pressure of
internal factors [intrinsic stability of the spe-
cles, as in helicate self-recognition (/7)] or
external factors [interaction with species in
the environment, as in anion binding by cir-
cular helicates (27)]. CDC may also be mo-
lecular; in this case, the components of the
molecular entity are linked by covalent bonds
that may form and break reversibly.

A specific expression of CDC is dynamic
combinatorial chemistry (28—30). It rests on
the dynamic generation of molecular and su-
pramolecular diversity through the reversible
connection of covalently or noncovalently
linked building blocks, which gives access to

the full set of all combinations that may
potentially exist. Addition of a receptor dis-
places the dynamic equilibrium toward the
preferential formation of the best-binding
constituent, in a target-driven selection of the
fittest. This approach opens wide perspec-
tives in a variety of areas of science and
technology, such as the discovery of biolog-
ically active substances and of new materials.

CDC introduces a paradigm shift with
respect to constitutionally static chemistry.
The latter relies on design for the generation
of a target entity, whereas CDC takes advan-
tage of dynamic diversity to allow variation
and selection (31, 32).

The implementation of selection in
supramolecular chemistry introduces a fun-
damental change in outlook. Whereas self-
organization by design strives to achieve
full control over the output supramolecular
entity by explicit programming, selt-orga-
nization by selection operates on dynamic
constitutional diversity in response to ei-
ther internal or external factors to achieve
adaptation mn a darwinistic fashion.
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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



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 qouon Twv uttEpUOopPIaKwY AAANAETTIOPACEWY

Omw¢ Ta dtoua aAANAETTIOPOUV UE YEITOVIKA ATONA HE IOXUPEC OUVAMEIC TTOU OTTOTEAOUV
TOUG XNMIKOUG OEOHUOUC £TO1 KAl Ta HOPIA AAANAETTIOPOUV PETAEU TOUG HECW OIAUOPIOKWYV
AAANAETIOPACEWY

*AeoOG UdpPOYOVOU

*HAeKTPOOTATIKEC AAANAETTIOPACEIC (10V-I0V, 10V-OiTTOAO, DITTOAO-OITTOAO)
*YOPOPOPIKES Kal OTEPIKEC AAANAETTIOPACEIC

*TT-TT

*VVan der Waals

[ati o1 dlapopIakEC AAANAETTIOPACEIC Eival TOOO CNUAVTIKEC;

«EAQv 0 TTONITIONOC HaC ETTPOKEITO VO KATACTPAPEI ATTO KATTOIO KATAKAUGHO Kal Ba
MTTOPOUCOUE VA TTEPACOUME HOVO IO TTPOTAON OTN YEVIA TTou Ba €tmidouoe autr) Ba nTav:

* O1 diapoplakEC aAAnAemdpacelc TTpoodiopilouv Tov TTANBUCHO TWV PACEWYV TNG (UN-
METAAAIKAC) CUNTTUKVWHEVNG UANG, TWV ATOMIKWY KAl JOPIOKWY CUNTTAEYUATWY Kal TWV
BIOUOPIOKWY CUCOWPATWV.’»

Richard Feynman in Lectures on Physics
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