
An�ptuxh Nèwn Mejìdwn gia ton Magnhtikì Purhnikì

Suntonismì Uyhl c Diakritik c Ikanìthtac Stere�c Kat�stashc

Dhm trhc SakellarÐou

28 Maòou 2002

PerÐlhyh

H qr sh tou PurhnikoÔ MagnhtikoÔ SuntonismoÔ (NMR) sth melèth thc moriak c dom c

kai thc dunamik c sth stere� kat�stash gÐnetai ìlo kai pio suqn  q�rh sthn an�ptuxh

kai qr sh nèwn teqnik¸n [2�4, 7]. H sundiasmènh qr sh thc poludi�stathc fasmatoskopÐ-

ac susqètishc (Correlation), thc peristrof c sth magik  gwnÐa (Magic Angle Spinning)

[1], thc metafor�c pìlwshc (Cross Polarisation) [5, 6] kai thc aposÔzeuxhc pedÐou radio-

suqnot twn uyhl c isqÔwc (high power decoupling), èdwse tic anagkaÐec, an kai ìqi p�nta

eparkeÐc, sunj kec gia thn pragmatopoÐhsh peiram�twn qr simwn ìso afor� tic analutikèc

efarmogèc. Oi sp�nioi magnhtik� energoÐ pur nec ìpwc o �njrakac-13 se krustallikèc

en¸seic, k�tw apì sunj kec NMR uyhl c diakritik c ikanìthtac, dÐnoun di�krita s ma-

ta stic isotopikèc suqnìthtec Larmor. Autì dieukolÔnei idiaÐtera thn an�kthsh domik¸n

plhrofori¸n. H tautopoÐhsh (Assignment) aut¸n twn di�kritwn shm�twn paramènei wstìso

èna apì ta sÔgqrona probl mata gia to NMR stere�c kat�stashc. Teqnikèc fasmatik c

aplopoÐhshc (spectral edition) up�rqoun sto NMR ugr c kat�stashc gia to qarakthris-

mì fasm�twn 13C kai qrhsimopoioÔn tic monìmetrec J suzeÔxeic (scalar J couplings) wc

mhqanismì metafor�c pìlwshc. Aut� ta peir�mata dÐnoun upo-f�smata twn anjr�kwn, se

sun�rthsh me ta udrogìna pou touc eÐnai qhmik¸c sundedemèna. 'Etsi, qrhsimopoi¸ntac apl�
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monodi�stata f�smata, h tautopoÐhsh gÐnetai pio eÔkolh . An�logec palmoseirèc up�rqoun

gia thn stere� kat�stash, all� o mhqanismìc metafor�c pìlwshc eÐnai basismènoc stic

dipolikèc suzeÔxeic (dipolar couplings), oi opoÐec eÐnai isqurèc kai apoteloÔn tic kurÐarqec

allhlepidr�seic. To kÔrio meionèkthma aut¸n twn teqnik¸n eÐnai ìti den dÐnoun 100% sw-

stèc plhroforÐec miac kai h metafor� pìlwshc den gÐnetai mèsw twn qhmik¸n desm¸n �ra den

eÐnai eklektik . Sto pr¸to mèroc autoÔ tou didaktorikoÔ exet�zoume th dunatìthta qr shc

monìmetrwn suzeÔxewn sth stere� kat�stash gia th dhmiourgÐa palmoseir¸n fÐltrwn pol-

lapl¸n kb�ntwn (Multiple Quantum Filters) proc fasmatik  tautopoÐhsh. EpekteÐname

autèc tic ideèc sthn an�ptuxh etairopurhnik c fasmatoskopÐac susqètishc mèsw twn allh-

lepidr�sewn J sta stere�. P�nta sto pr¸to kef�laio, efarmìzoume autèc tic kainoÔriec

palmoseirèc se sun jeic organikèc en¸seic, gia na apodeÐxoume thn apotelesmatikìthta kai

thn qrhsimìtht� touc.

'Enac basikìc par�gontac sth fasmatoskopÐa arket� uyhl c an�lushc sth stere�

kat�stash, eÐnai h omopurhnik  aposÔzeuxh metaxÔ twn pur nwn udrogìnou (prwtìnia).

'Otan h �dexamen � prwtonÐwn eÐnai isqur� suzeugmènh, empodÐzei thn parat rhsh asjen¸n

allhlepidr�sewn ìpwc oi monìmetrec suzeÔxeic, akìma kai ìtan peristrèfoume to deÐgma

polÔ gr gora sth magik  gwnÐa. H apotelesmatikìthta thc aposÔzeuxhc ¸ntac ènac apì

touc pio shmantikoÔc peiramatikoÔc par�gontec, sto deÔtero kef�laio anaptÔsoume mia

kainoÔria mèjodo aposÔzeuxhc basismènh se arijmhtik  beltistopoÐhsh (numerical opti-

mization). Aut  h mèjodoc, pou thn onom�zoume DUMBO, efarmìzetai sto plaÐsio omop-

urhnik c aposÔzeuxhc metaxÔ twn prwtonÐwn kai ta peiramatik� apotelèsmata exet�zon-

tai leptomer¸c. Sugqrìnwc, parousi�zoume to jewrhtikì plaÐsio aut c thc mejìdou kai

merikèc efarmogèc thc Ðdiac arijmhtik c mejìdou se �lla probl mata tou NMR.

EÐnai loipìn fanerì ìti h jewrhtik  katanìhsh thc dunamik c tou spin sth stere� kat�s-
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tash ja èdine èna isqurì upìbajro gia thn arijmhtik  prosomoÐwsh kai gia thn an�ptuxh

nèwn palmoseir¸n. To fainìmeno thc di�qushc tou spin èqei na k�nei exolokl rou me autì

to prìblhma. Epikentr¸same to endiafèron mac se dÔo peir�mata ta opoÐa einaÐ sugqrìn-

wc polÔploka kai polÔ qr shma: autì thc di�qushc tou spin metaxÔ twn anjr�kwn kai

autì thc metafor�c pìlwshc. To pr¸to peÐrama eÐnai to antÐstoiqo thc fasmatoskopÐac

NOESY (Nuclear Overhauser Spectroscopy) gia th stere� kat�stash kai perièqei swrÐ-

a domik¸n plhrofori¸n (apost�seic metaxÔ pur nwn, dÐedrec gwnÐec klp) all� eÐnai polÔ

dÔskolo na to ekmetaleutoÔme. To deÔtero peÐrama apoteleÐ àna aplì peiramatikì mon-

tèlo ìpou exet�zoume thn akrÐbeia thc jewrÐac. Sto trÐto kef�laio ja prospathÐsoume

na kataskeu�soume èna arijmhtikì montèlo lÔnontac akrib¸c thn exÐswsh kÐnhshc tou

sist matoc gia ènan shmantikì arijmì purhnik¸n spin. H makr� qronik  sumperifor� tou

sust matoc eqei idiaÐtero endiafèron kai sto teleutaÐo mèroc ja parousi�soume merik�

jewrhtik� epiqeir mata gia na upostirÐxoume thn idèa oti to sÔsthma krat� p�ntote ton

kbantikì tou qarakt ra akìma kai se makrèc qronikèc di�rkeiec. Aut  h jewrÐa problèpei

ìti oi katast�seic hmi-issoropÐac prèpei na eÐnai sÔgqronec me thn perÐodo ìtan to sÔsthma

twn spin eÐnai qronik� periodik� metabal¸meno. Peiramatikèc apodeÐxeic parousi�zontai sto

plaÐsio metafor�c pìlwshc. Tèloc, lìgw thc krustallik c periodik c dom c, h Qamiltwni-

an  mporeÐ na diagwniwpoihjeÐ peretaÐrw se blocks. 'Etsi mporèsame na upologÐsoume ènan

megalÔtero arijmì spin se arkibeÐc arijmhtikèc prosomoi¸seic kai na sugkrÐnoume me ta

peiramatik� apotelèsmata.

Anaforèc

[1] E. R. Andrew, A. Bradbury kai R. G. Eades. Nuclear magnetic resonance spectra from

a crystal rotated at high speed. Nature, 182:1659, 1958.

3



[2] L. Emsley, D. Laws kai A. Pines. Lectures on Pulsed NMR (3rd edition). Proccedings

of the International School of Physics “Enrico Fermi”, Amsterdam, 1999.

[3] U. Haeberlen. High Resolution NMR in Solids: Selective Averaging. Academic Press,

New York, 1976.

[4] M. Mehring. Principles of High Resolution NMR in Solids. Springer-Verlag, Berlin,

1983.

[5] A. Pines, M. G. Gibby kai J. S. Waugh. Proton-enhanced nuclear induction spec-

troscopy. A method for high resolution NMR of dilute spins in solids. J. Chem. Phys.,

56:1776�1777, 1972.

[6] A. Pines, M. G. Gibby kai J. S. Waugh. Proton-enhanced NMR of dilute spins in solids.

J. Chem. Phys., 59:569�590, 1973.

[7] K. Schmidt-Rohr kai H. W. Spiess. Multidimensional Solid-State NMR and Polymers.

Academic Press, London, 1994.

4


