XNUIKT 1G0OVVEULO TUPNVEOV KAl HOPLAKT) GUUUETPLA

O ynuika pn 16odévvapor Tupnves Pplokovror 6€ S1OPOPETIKO YNUIKO TEPIPdiiov
KoL Omeg 10N  yvopilovus, ovvTovilovTtor o6&  OLHQOPETIKY]  GVYVOTN T
(rapovoldlovy O1ePOPETIKY] YNUIKY] HETATOTION).

Ov Mukd 16000vopor mopnves, AOY® HOPLOKNS ovuusTpiog Pplokovrol og
TOVTOG IO YNMUIKO TEPLParlov Kol cuvToviCovTal otV 1010 cvyvoTNTa. O YNUIKG
1600VVONOL TVPNVES OVORALOVTOL L1GOYPOVOL. AEV HTOPOVV VO, OLOQOPOTO00VV ne
™ @uopotookonio NMR.

Emopévog, n ynuikn weodvvapio topnvov e£aptdtol amd To €dv £va popro £xe 1
éva TovAdyrotov otoyeio cvpperpioc. H depyaosia ocopperpiog kobiotd Tovg
TUPNVES GUUUETPLKC LGOOVVULOVG.
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XNUIKT 1600VVapRLo HEQVAEVIKQOV TPOTOVI®V

Otav o0 pgBvievikog avOpokog €xer 0VO0 OpHOLOVG
VTOKATOOTATES, TOTE VILapyEL afovag cvpperpiag C,. (1
vevika C , n > 1). To tpoToVia ivan ynpika 16000vVopd
KO OVORAZovToL OpoTomTiKa. Aivouv gdopa A,.

Otav o peBvievikog avOpokog £&xer 000 AVOROLOVG
VTOKUTAGTATES, TOTE VITAPYEL EMITEDO cvppeTpiog 0. Ta
TPOTOVIO, EVOL YNUIKE 16000VOHO KOl ovoualovtal
EVAVTIOTOTIKA. Aivoov @dopa A,.

Otav N pebvievikny opaoo Ppioketor oimho o€
OGOUUETPO KEVTPO (¥), TOTE TO TPOTOVIA ELVOL YNUIKE
U 16000VONO KOl OVORALOVTOL OlUGTEPEOTOMIKA.
Aitvouv @dopa AX 11 AB.



Xnuikn weodovvapio pngdvievik@v Kat pefvk@v
TPOTOVIOV (CVVEYELXR)
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To mwpotovie otn owpopewon I (ocvupsTpikn)) Pplokovror 6to 1010 YNUIKO
nepifpdilov kol givar wooypova. XTic owwpopemcels Il ko 111, Ta 6vo mpmTovia
Pplokovrolr o€ OLHPOPETIKO YMUIKO TEPLPaAlov Kol €ivor YNMUIKE pH1n 1600VVANO.
AOY® opm¢ ™S ypyopns meproTpoPns (otnv KAipokoe NMR) yopo amd tov dgono
C-C, ta ovo mpotovia arwcOdavovrionr €va péco ymuiko mepifpdilov, oto omoio
VITEPLOYVEL 1] TAEOV GUUUETPLKN OLopopemaor). 'Etol, ta mpotovia ep@avilovtol Katd
néEcov 0po weoypova. Katt T£Tt0o10 v 16Y0€L 0TOV VIAPYEL OGVUNETPO KEVIPO OTTMG
oty IV. X& 0AeS TIC OLOPOPPAGELS TO OVO TPMOTOVIA ELVUL YNUIKA U1 1IGOOVVULAL.

To 1010 woyvel Ko Yo To TPplo pedvikd TpoTOVIO 6TO H
TOALOVOMO Y10 TO. 0TT0la deV Vapyer aSovag C, N eminedo </ \> ( C,.»*“/H C
\ 3

CUPPETPiOS. AOY® TNG YPNYOPNG TEPLGTPOPNS YOP® N
and to dgopo Ar-CH,;, epgaviCovror cov va £ovv éva
"tomko" a&ova C; mov To. KeO6TA 160 POV



MayvnTiki] 16000VaRLd TVPNVEOV

MaoyvnTikd 16000vapoL €ival ot TUPNVES, Ol OTTOLOL TPEMEL VO, ELVOL MUK
16000VOHOolL Kol €Tl TAL0V Vo TOPOVGLILoVY TS 01EC oTaBegpEg ovleving e
0A0VG TOVS GAAOVS HOYVITIKOVS TUPTNVES 6TO HOPLo, EKTOS OO EKELVOLS UE
TOVG 0TTOLOVS GLYKPIVOVTUL.

2to popro H,C=CF,, to 0v0 mpotovia Kot Tta 8V0 @O0pro civor ympika
1600VVONO AOY® HOPLOKIS CUUUETPLOS KOL ATOVGLOS TEPLETPOPTNS YOP® U0 TO
outA0 osono. Emouévag, or mopnvec H xon F ava (edyn eivar 1o0ypovor, onraon
£Yovv TNV 101 YMNUIKIY] HETUTOTION. A0Y®, OUMS TNS YEOUETPLOS TOL HOPLOV
(m.y. 7o H, givan cis pe 1o F,; ko trans pe vo F,), o1 6100epég ovleving Oa civan
owgopeTikéc. Emopévog, 1o mpotovie H, kv H, (kv to F,, F,) sivon
ROYVITIKA U1 16000vVapa

cis
JH1F1 i JHle JH2F1 7 JHze H1:\'>
Eneon] ov ovlevlelg eival O10QOPETIKES, O / k
EVEPYEIEC TMV EVEPYEWNKAOV cTolpov Tteov H, H,
kot H, dgv givon mo idieg kan €101 £povps Jyy, o, trans

Z 0. Xvvolka, kd0e mpotovio Oa £xer TpEg
olaQopeTIKEC oTa0EPEC 6VLEVENC.



MayvnTikn 16oovvenia Tupnvey (GuveEewa)

O poyvnTiKa 16000VapoL TVPNVES OVORALOVTOL [LOYVI|TIKA LGOTLHOL, EVO 01
ROYVITIKA U1 1600VVOUO0L OVORALOVTOL Loy VI TIK( OVIGOTLLLOL.

Mepika Topodeiypato LoyviTIKG 11| 160OVVIUMY TUPNVOV.

Toa H, xou H, kot
givan MUK
1600VVON AOY®
CUUUETPLOS, OAAG
HOYVITIKG Py
16000vVapHo

Ta H;, H,, H; ko
givar 0L YMUIKG
1600VVaN AOY®
ocvppeTploc. Ta Csoyn
H;, H, xon Hg, H, givan

HOYVIITIKG P}
16000VapHo

Kot Tta téooepa mpotovia
gival YNMUIKA 1600VVaN,
LOY® ocvupetpios. Ta
npotovia H, ko H,, givan
ROYVITIKA U1 16000vapa
pne to H, ko H, emeron
VITAPYEL OLOPOPETIKY
ovlevin pe tov avlpaka
C..



LNUEOYPAPLE. TUPVAV (TVTOL QUGUATOV)

I'a ™) onueoypoa@io TOV TUPNVEOV 0KOAOVOOVVTEL 0PLGUEVOL KOVOVES:

1.
2.

H onuewoypa@io avapépetar og mopnveg pe I = %.

Kafe mopfivog kaBopiletor pe évo kKeQoAaio ypApupo TOUL OyYAIKOU
al@apirov, m.y. A, B, C, ..., X, Y, Z.

Otav n ovlevén petald Cevydv mopnvev eivar acleviic (n ymukn
RETATOMION €lval TOAD PEYQAVTEPN 0t TN 6TalePd ovleving), o1 TVPNVES
ka0opilovtar pe pokpva ypappatao tov ai@apirov, w.y. AX, AMX.

Otov 1N ovlevEn petalv levyov mopfvev givar wyvpn (M MUK
NETOTOMION €lval ovyKpiowun pe T otolepd ovlevéng), ov mopnveg
ka0opilovtar pe Kovtiva ypaupata tov aigapirov, .. AB, ABC.

Otav ov mopniveg €ival 160TIHOL, OVTOL TOPLOTAVOVTOL GOV ORAOES UE TO,
YPORROTO TOV GAQPUPNTOV KOl HEIKTN TOV VTOONAMVEL TO TA00C TOVGS, TT.7Y.

Otav 600 mopnveg £rovv MUK teodvvapia (1coypovor), GAAG Oy
ROYVIITIKY] 1600VVOUi (0VIGOTLILOL) TOPLGTAVOVTOL IE TO 1010 Ypaupa, amo
To omtoia To £vo Toviepévo, .. AA'XX', AA'BB'.



LNUEW0YPAPLE. TVPNVOV (TAPAOELYROTA)
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O 1001 QUoHATOV, 01 0TOL0L TTEPLEYOVY TUPIVES TOV TUPLGTAVOVTUL UE KOVTIVA
YPARROTO TOV OAQAPNTOV, VTOONAOVOLY PAGNOTE OSVTEPNS TAENS, 7.)y. AB,
ABC, ABCX, AA'BB'.

H onpewoypogic tToOvV mopivov Kot 0l TPOKVATOVIES TUTOL QUCUATOV Egival
AP OLNOL, ETELON OLOPOPETIKES EVAIGELS, OAAA HE TOLTOONUN TN CNUELOYPUPLQ
TOV TUPNVOV TOVS, OIVOVY QAGNATA, TO 0TTOL0 EIVUL TUPOUOLL. GTIV ELPAVICT).



Avdivon QaopnaTov ogvTePNS TASNS (oVvE ELR)

AvVOQEPANE TPONYOVUEVMS, OTL TU QAGUHOTO OELVTEPNS TAENS €lval TOAVTAOKG
KOl 1] 0vaAvol] Tovg amortel podnpoatikd kot ™ kpavrounyoviki. M yevon
avT|c TS neboooroyiog mpapue 6TV AvAALG] TOV Qoopat®v Tomov AB. To

OYNNO OELYVEL 0V0 GAGNATO TPLAOV TUPNVEOV TOV TUTOV A

AB, (0g0TEPNS TAENC).

o

T Y T T
-120 -60 a -20 -10 0 10 Hz

O EKQUMGOUOS TMV HETUTTAOCEMY OIPETUL 6TO cvoTna AL,
TO OmOl0 EnPOVICEL 9 ovvoMKa peTomTOoES (onraon 9
KOPLPES 6TO PAGNA) ILE OLUPOPETIKI EVEPYELQ

(TpAOTNG TASNS) KO

H avaivon tov
oaopatoc A
OTTOKAAVTTTEL S GUVOAKA
KOPLOPES, Hio TPUTAN Y10,
TOV TUPN VO A KOl pia
ouTAn] Yo Tov mopivo
2TO OWAYPOULND TOV
EVEPYELUKAOV 0TAONQV,
Ol EMTPETMTES
RETOTTAOOELS gtvar 12,
Amo avTéc, ot
TEPLOGOTEPES EYOVY TNV
1010 evépyera, sivan
OMNA0.01] EKQUVALOGUEVES



Metantooseg ota cuotiuata AX, kot AB,

BBR
2votnna AX,
2votnpo AB, BB Bup app
Baa aaf
B(aB - Ba)
B(ap + Ba) aBp 8 ~—
Baa a(ap + Ba) . 210 cvotnpa AB, o

a(ap - Ba) gvepyElokEG oTalpeg
yopoxTnpilovrol amod
KULOTOGVVUPTIGELS, Ol
0TTOolEG Elvar
YOUUETPIKES AVTIGOUUETPIKES GUUUETPIKES )
OVTIGVUUETPIKES G
TPOS pULa depyaoia
O petantooelg petaly otodumv pe GUUNETPLOG.
OLOQPOPETIKT] GUUUETPLO ELVOL ATOYOPEVUEVEC.
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Avaivon eaopatog AB,

fg

vy =13

Hapapezpor:  v,, vg, Jup

vg = (fs T/7)/2
Jag =A73) lfy —f4 + J6— /4]

O1 £VTAGELS TOV KOPLPOV
eCaptovror amo Tig
GYETIKES TINEG TOV V,, Vy,
J s GALG OEV VTTAPYOVV
0TAOL KOVOVES 0TS 6TV
nepintoon AB.



Avaivon eaopatov ABX

X (B) 210 cvotnuo ABX vapyer
o vpn ovlevén AB kot
ac0eveic ovlevéerg AX Kot

BX. I'ie v avdivon tov

PAOHOTOS YPTCLUOTOLOVLE
™V Tpocéyyion X.
Kvpatoovvaptiosic

| A&B X

1 1. oo o

i 2. ovvl (af}) + nuo (Po) o

Hapapetpor:

3. -nué (af}) + ovvl (Po) o

Vas VBs Vxo JAB? JAX’ JBX 4. BB o



Avaivon eaopatov ABX (cuvéyswa)

X (B) To @dopo ABX amoteleitol cvVOAKE
atd 14 xopveéc. Ov 8 amotehovv TIG
KOPLPES TOV Tupfvev A kor B, evad ot
vtoloweS 6 amoteAOVY TO néPog X TOU
QPAOHOTOS. XTNV TPUYUOTIKOTNTO TO
Tuqpe AB  tov  @dopatog ABX
amoteleiTal 00 0V0 AB vropaocpata.
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Av(3AVG1 TOAVTAOKOV QUONETOV

H avdivoen @oopndtov TpL@dv 1 TEPLEGGOTEPMOV TVPNVOV (TT.). OGTO GUOGTINUTO

, , , , K. @.), 0mov vawapyel woyvpt] ovlevén petado
TOV TUPNVOV OEV EIVUL EVKOAN VT00gon. ATTONTEL TN] YPNON VTOLOYIGTAOV KOl
KOTOAANA®V TPOYPURNATOV.

To =wpoypappotae ovtad o&yovior apyikés TnéES ( ) TOV YNUIKOV
HETOTOTICEMV KUl 6TaOEP@V 6V EVENG, NE TIC 0TTOLES VTOAOYILOVY TNV EVEPYELQ
TOV 6TAOUOV TOV GLGTNNOUTOS KUl KUTOTLY TIS EVIAGELS, TIS GLYVOTNTES OAM®V
TOV KOPLPAOV 6TO PACNA, TIS YNUIKES peTOTOTTIoES KUl 6T00gpEg ovlgvine. To
0epNTIKO @Gona TOV TPOKVATEL A0 TOVS VTOAOYLOHOVS GUYKPIVETUL UE TO
TEPOUNUTIKO KOl OTNV TEPITTMG TOV VAAPYEL UPKETN N NEYAAN dwm@opd ot
vVToAOYIGNOL emovolapuPavovror pe véeg apPKES TIHES TOV QUCUOUTIKOV
TOPUUETPOV.

Avti N dwdKacio ovopaleTtor TPosonoimaon ( ) Kot 1 emToyio TS
e€upTdTOl CNUOVTIKG OO0 TIC UPYKES TIUES TOV QUCUUTIKOV TOPOUETPOV.
2ov0m¢ To TPOYPANNOATE TPOYMPOVV GE GUVEYELS EMUAVUM|WYELS VITOAOYIGUMODV
( ) HEYPL TNV KOAVTEPN OVVUTH TPOGEYYION TOV OEOPNTIKOV NE TIS
TELPUNRUTIKES TAPURETPOVCS,

Tétow mpoypappata mpocopoioong sival yvootd to, , ,
K.0., ev@d ov mwo g€ehypnévor gaopatoypd@or NMR wepiéyovv evoouatmpéva
GTO AOYIGUIKO TOVG TETOWN TPOYPAUNATO, TT.). TO ¢ Bruker.
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(a) IleypopoaTiko gaocpa
apotoviov oto 100 MHz
™¢ évoong 2-uslvio-2-
Ocioéo-1,2,3-010¢c10-
PWCPOLAVIO GTNV
TEPLOYN TOV
vro@aocpotoc AB. To
GUVOMKO Qacpo gival
Tov TVToVv [AB], X, 0mov
A kot B givar Ta
nedvievika TpoToOVIO
Kot X glvat 0 Topnves
70V PcPopov-31. (b)
0eopnTiKO @dona,
TPOGONOIMGCTGC.
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Fig. 7.3 Comparison of experimental and computed ABC spectra. (a) Experimental
spectrum of 2-chlorothiophene; (b)—(f) Five of the eight different spectra that agree in all
frequencies with the experimental spectrum but are computed from entirely different sets of
parameters. Note that the intensities of the lines in (b) agree with those of the experimental
spectrum, while the other computed spectra have very different intensity distributions
(Diehl et al.''%).

IHewpopotiko (a) ko
OcopnTika edopata
(b-f) ovoTparog
rmopivev ABC e

o vpn ovlevin.

Ta OcopnTika
Qpaopoto EM@Oncay
ILE OLULPOPETIKES
OPYIKES TIUES TV
TOPUAPETPOV V., Vi, Vo
Japs Jacs Jpc- To
OcopnTikd @acua (b)
TPooeyYILEl
TEPLGGOTEPO TO
TEPONATIKO Qaona

(a).



IHow yMuika cveTNraTe TAPOVSLAL0VY GVVII0MS
Qeaopata 2ng TAENS;

To opoOpeTIKd cvoTNOTE EIVOL EKELVA TTOV TIS TEPLGGOTEPES POPES TAPOVOLALOVY
Qaopoto OeVTEPNS TAENS. AvTO ocvufaivel €meON] Ol YNUIKES UETUTOMIGELS
OPKETOV CPOUATIKAOV TPOTOVIOV BploKovral TOAD KOVTdA, &v@ O otafepég
o0{evéng sivon oyetikd peydieg (9 Hz yia °J, 3 Hz yia 4J, kot 0.5 Hz v 5J).

Eniong, ¢@aocpoto oevtepns TAENS mapovoldlovy ouvvil0mS TO OLUGTEPEOTOMIKA
nedvievika TpmTovia.

OCH; Ha




