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The suggestion i» also made thar OOy thay be strongly
disstsiaret by the pweasiable e atomes (arnd HO aome-
what Tess stromghy], thus producing osygen atoms which
tombine to form the Oh mobetules; (D{CD w55 4,
DO =59 w1 T 50, the Tact drar OO did pot yield che
bands would indicate that the dinsoiation ey of 0 i
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lzrrice. A diference i the populitions of the two levels ixa
pretequitite foc the mleerved absorpuon, because of the
relston between abworption amd stimubated  emiszion.
Moreover, unbews the relaxation rtime is very short the
absorption of eeergy from the radiofrequincy Beld will
ethm the popubation of he levels, moce o dess mpadly,

ppenisfing on the strengch af thie rof feld. In the exprota.

grezire than the eoergy of the Uppes Lbe stare of
Xe, namely 9.4 vile, (Energy of Jowor meisstalle state
rRuak 8.3 v.1 This appears to be direct evitlere in favae of
whe Db-voll value of DHODY ax determined by lapsitam
and Taie! frem appeatanoe patenah in the mass spectroe
graph, or for the 111E vovabiee obtained in g fevant spectral
anatysin Ly Caydon anl Peaney ? bot agaimt the 9 14wl
walue determined from cerlain predissociarion data? The
hlgher value apgears io b o in accord alse with
thermochemicat data sy broughy out by Hagstruen asd
Taee and alwn by Angadi aaed Sameel
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Resonance Abmorption by Nuclesr Magnetic
Moments in a Solid

M. Puacrd, B O Tosdry, avn £ V. Fooxod

Mnmn» Latucitrey, Mazrarbweil Inarehale of Frobwsig s
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N the wel-known magnedic resopance methodf Tor the
determtination of muckear mtawnotic omenents by e
lecula: beams,! tranaitions are imduced] beiwern energy
feveks which owregond 1o differenir orisntasions of the
ftclear apin in a sivong. ceatand, applied magnetic Bobd,
W have oberved The absorption of rediofregumey energy,
dut v such transhions, in & elvd material (parafin! con
tabting process. 1e chis rase thern are bwo beyels, the
separalioe of which correaponds 1o a Trequency, », oear M
ecgacyeles we . af the ruagmeny field <ivength, IF ased in
Ut eporiment, according ta the rekation dee Juff AL
thitgh the difetecie in papulaiion of the fwabovels i veey
<hight at Fomy temperarurs ek P 10 1) the awmber of
Akl taking part i =n darge ¢hat o measurable cffect ot
he exported providing thermal equibbnivm cin b esliin
lihed. I v avmniaes. that the oily fucal fields of Bnpor-
tance xre caneed by the moments of neighbonag auckd, one
can abow thar the iwaginany part of the magaeti perimo -
bilizy, at resarance, Soold b of the wder deitT [he
abmesce £t this expression ul the purlesr moneend aed the
i Lar di W opuplained by the face that the
infuence of rhew Tactors upon 3LEWRMR Cru st per
nochus aml dengiy nf nuele D just oaticelled by thiir
influenty an the wilth «f the cbiser ! resanancr.
A prwtial Giwedtion cwmcermna the tme reguieed for Lhe
cerablishment of thermal equiliteiom Letween spins 2ne

ton of a2 long refaxation time fweveen] buurs), we chose Lo
use a3 weak an eacitbating hekl that the absorption woubd
pervist for Boure regardiees of the relawation rime, once
thermal squilibriizm had heen ssmablished.

A Tronant ravity was masde in the foem of a sbort section
of eaaviel fine loaded heaviy by the capactty of an end
place. Tt war adpsled to meonate at sbost 3 medeec.
Tnpit and putpe: rouplusy loegs were provided. The
it part of the vavity was Blled with 850 cm® of
i, which remabied ar roor temperalure Ehroughont
the experiment. The resonator was plieed it Lhe gap of the
larpe cosmic-eay mapner in the Rezrach Labomtoy of
Thy ates, a2 Harviard, Radiofreguency power was introduced
iato the cavity at a level of alaat 1009 waits The radis-
irguency magnetic Fedd in the ravity was everpehbere
uerpendicular o the srewdy Gebd The caxity onrpat was
halancerd in pliase amd amplitude agains ancther partion
o she wignal grnevator vatput Any residual signal,
sfler amplificztion and deterlon, was indicated by a
R TTTIEINT .

Wirh the ri mirouit halanoed e stroog nagnelie feld
was showly varmed. Aue extzemely sharp rezonanee absorp-
tiun was chesyved. Ar ehe prak of the ahsarpoion the
deflection of the ouipwit meter was rooghle 20 rigses che
speitude il fluctuarioos dus toanee, fereency, nsta-
bality, o The abawplion nediced e cavite agupn: by
B4 percesil. and as the baded 0 of the cavity wae 5, the
Frragimary parst of the germesbifily of paralin, £ Fesance,
was aboat 3- 1Y as prodioesd,

Resomance oammed at 2 fedd of 710 wersteds, and a
fraquanty of M8 me fsec., accordieg to oar rather raugh
ralibration. We did oot Lt previse calibraten of 1Be
fiedd anc Bregaenes, and the vaiue of the proton magnetic
mement inferret] from che abeeve musilcrs, 275 aucless
magnetons, agrees satsactonily with the arcepeed value,
1Yo, eerabbishe! by the oxolectbar besm methond

The fath width of the resonance, at fal vaine, iz about 30
aerateds, which may e cawsest b pary by inkomogeneities
i the ma et field which were kavwn 1o e of [his sedes.
The width dur 1o ool fields Troen neighboring nucled had
Iten emtimated 3t adwint 4 rerateds.

The relaxation tmee wuil apparentdy shorter than the
tirpe [~ one migwted required to bong the bold up o the
remananee vabse, The ovpes of span Lorice coupling sag-
wewtend by Fo W adler! Fiil by o factr of sveviral hundred 1o
acoount for 3 time s shoes.

The method can bwe cefined in hoth wasitivity and
peeciion. In parinlar, ic appars Penible o inoreame 1he
arnsitivity by a lactor of several hondrood chrough & changs
n rlrtr('iurln echabpme, Tl nmlmt eyt gpplicalae 1o the
precse ol teraeady,
gyvemnagnrtic ralios) of mowe modeeateby abandant nucled
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sheerric aceslirating fiekds ace to be obtained by repl
the cxuak “dee” assembly god accelerativn chiuber b\ Y
Cavily rEsOnELGE, tinidlar 1o Lypes how eamunoaly empiuyed
iy redar. The tee of wech 3 ravity beosmes practice] onls
in aw irn-bess device, herause of The limization imposed by
(e @ir-gap in present acoelerarors.
The maaimum nebil radine it be sl This regatises
a lrge guiding roagnetic fiekd, but az the stmwe tims greatly
tmbwies the vohane through which this frk! musg e
i I. Te, th pracucable 1o noer s

albrne d d o, generator [following Kapica's e
nique’, ar ) 3 iank of high capacily sterdpe batleries of
the 2ype ! i snbowacives A buepe igwitrun and delay.
ling eatinguindieg ciroeit would serve ap the switching
eloment. The Limite ous 1he particle yield of the pocelerio
will b st by the availalde power and by the allawabie
raze af heat chaspation fron the Gakd windings.

Baoerae deemign cakruls vins have been made o0 o 300 Hev
crriton areberator.

TTve auehoe wishis LU exgwise iz appresdation Far coane|

1he enrire accelaratur o lnqulﬂed R, 3uth aa Ren of
nitrogen. Cooling the assmbly materiably R‘rlumhi ohmic
cosiatance bores i the Gedd windiges, amd chus sinpdi fis
e problem of pasing biege current poten. 1t has ol the
atlvantage of wreaning the " of the ressanten.
Although many of the commener types i @vily Tesons.
1T gxhibit eleciric fiebd configeraiions adapted 10 pee.
iy restmatce acteberation, the tiwe deseribable ad 3

atul ioma given by Me 1 F. RKaiser, D, Rose Gunn,
and M Er de fackhe of the Naval Rewmerch Eobaara oy
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“aphsere (ur spheroid | and reeatning cotes'! s -
Iatly mtable. In mwch a @vity, the electnic feld lines ap-
pear a3 aoes of circles. oeminaning o the aurkaces of the
reehtzant conex. Small shety are e L ronde at poinks it the
oonical srfaces, through which the acreleratm! particdes
are 16 pass n thedr ciecwlar oebiss. Injecticn may ooea-
venmealh e aomplished from 3 point extermal to e
acpeleraving, fields by placing the inpocter gun within cae
of the pmes. A target may alio be oomveniently Jocagel
Wwithin the coses, 1t will profably be mecsasary to partialfy
“opeen-circwic'” the cavity wabls Tor ow frequency ogmats
prneRted by che guide Beid, This can readify be dune.

Withia 3 resonatr such as derorited, ic shoubt e e
sibbe 1o obtain eveepricnally high acesierating porenzisl
drogw, of the erder of several husdred thousid volts.
This {odlnws From the far that 2 cvity resoeator s an
extremmly officient device, olen calibiting an segtrical

T greater thae 100,000 and consequenthy requiring &
relatively amatl soergy wpet to podoce lge internad
fielde. The upper Limit of atrzinable electric fiekds withia
abl mviiwatid caviry shotlld be very bipl, sed will probabty
be tmposed by held embsion efects. Fr the use of such 2
FOSORATOT, 3L 5 COMVORBENT 1o ampkey bhe cavicy sl an
the fraquency conolling clemens of 3 powee oCillazor,
thus eliminating probdess of accurale foeqeeocy control,

Some amadl pdvoritage spay ats be gatned Imm enciosing.

the particle orbies within a closed conduceing surface, m

1hat this will minimize that part of the radiation bwees
ibueed by law acdes b Iy bas been shown, b 1

however, that thewe karmoaia contribute only alightly o
the tatal radiative dien pation.

The conditions for "resoaany’” ivcredee of energy ™ Can
1o =it a2 abl times Jedag an aeed B cycle,

) Knearumd
S Word, 1WA, oo TRAC

Nuclear Induction
L Buocm, W W, Hamsey, asp Makiis ParCass
Kok Elvmierants, Soctithmd [ miversits. Lonlidornn
Frngeee 10 |94

HE nuchear magnetze momenie of a sabstance in o

constant magne tic Reld woukd e expacind to give
rise to o sl meramagnelie polarieation, peovided chermsl
cquilibriam e snablabiet, or a3 et approached. By
wnl perposing o (he coneseant fickd (5 direction t an ceciibacing
magnetic field in the £ direction, the polarizathon, v iginatly
parallel 1o the constane bedd, wilt Le Tnroed to pooess
ahout that Reld with a latitede which deomases as the
fampuency of rhe cecillacing feid appmd:m e Larmos
‘.., . Fer [reg e mur 1his anag
r&quuncy wme @n, therefore, expect an osoillating mdu(:d
voitage i a pick-upcoil with asis parabld o ihe ¥ Jicectiom,
Smiphe caicufation whows that with renrarabde apparatus
dieenams the dgnal power foom the pick-ap coil will be
subatantially larger tdan the thermal noise power in &
practicable frequency band.

Wr hive extuylbivhed this new sliect using water a2 pwnn
tetripararure aod observing the sigmal indueed iz / coil hy
the rotation of the peoton moments. In some of e experi-
Tents paramagnesic Catalvsts were wied (o accelerare the
establivhorent of therrna! equilibariom.

By uwse of comvenimnal radio technigues the inlsca]
waltage was nhaerved Lo producs the evpested pattern on an

il Iy 4t twn freguendes »

prsvicherd] the snplitade of the rewnanre cheetric feld iz
increemtd sinyiianeously with the e ol the eagnetic
fdd. 1t @n e dhown that under 1thes conditons the oifees
of the magnetic component o the cavite fGeld will be
negligible throughvut the cyrde, pronided adequate o
rysing forcrs are catablinhed by Lbe guide Feld.

To provide the neocsary pulses of crent through the
field windings, thrre hods gould be empleyed: {a} 2
Vpulm Gazsfareer’ ecited from 3 de souroe, (R o3

H ph screen. M
showert e effect no occtr a valees Hoof Uhe ¢ fekt such
that thwr Fatio Ffie had the saine vale Within vur experi-
wigrtal errae this rabio apresd with tee g vafue for produs,
an determined by Kettogy, Ratd, Racsey, and Zacharias.!

We base thaught of varkma investigatinas in which this
eilect rzn be umed frwitfully. A& detailerd aomne wil] be
muhbished in the near funzre.

LI M. Y. 5 Rabi. N FooMunue, and ) % Facharics
Puys Rrv, 56 138 n.w
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Magnetyczny rezonans jadrowy
Jadra wodoru 'H o spinie I=1/2

(protony)

* W polu magnetycznym stan podstawowy jadra wodoru rozszczepia
si¢ tylko na dwa podpoziomy (m=1/2 i m=-1/2), ktorych stosunek
obsadzen w danej temperaturze T opisuje prawo Boltzmanna

NNy y=exp(yhB, /kg T)=1+ yiBy/ky T

* DlaB=1T i 7=298 K roznica obsadzen wynosi 6,857 x10-6,

* Jezeli prébka zawierajgca protony, umieszczona w polu
magnetycznym B, zostanie dodatkowo naséwietlona
promieniowaniem elektromagnetycznym o czestosci v=o /27 i
indukeji magnetycznej B, <<B, B, prostopadle do B, 1jezeli
speiniony jest warunek rezonansu m= 0= ¥B,, to wywolane zostang
przejscia pomiedzy sasiednimi poziomami zeemanowskimi

AE=hv= B,




Magnetyczny rezonans jagdrowy
Jadra wodoru 'H o spinie [=1/2

(protony)

6, e Dla protonéw
- v/27=42,58MHz/T,

/( przy polach B, z zakresu od 1

do 21,4 T czestos¢ rezonansu
=z L 7 AE = yhB, protonowego v~ 42,58 — 900

MHz (ultrakrétkie fale radiowe
do mikrofal)

weyBy o m=12 ¢ Eksperymentalnie warunek

el rezonansu mozna spetnié albo
poprzez zmiane indukcji pola
B,lub poprzez dostrajanie do
rezonansu czestosci pola
elektromagnetycznego B,
(moze by¢ ciagte albo
impulsowe)




Magnetyczny rezonans jadrowy

Schemat blokowy spektrometru NMR

*Pole magnetyczne musi
by¢ jednorodne
(jednorodnos¢ rzedu ~
10-10)

musi by¢ rowniez

_ idealnie stabilne

sonoratr | CZaSOWO

W. CZ.

programator
impulsow

Wedlug: , Fizyczne metody badan w biologii, medycynie i ochronie srodowiska” red. A.Z. Hrynkiewicz i E. Rokita, PWN Warszawa 1999

|




Makroskopowy opis zjawiska

aj

R

pocwdine nrecesia
wekiD/a NAMGINESowWan'a

NMR

HO

GO0 5 1.0
cras

transtormac)a Fouriera

c)

~ ® W wyniku uporzadkowania

spindow jadrowych w
zewnetrznym polu
magnetycznym w probce
powstaje makroskopowy
moment magnetyczny M,
zwany namagnesowaniem.

W wyniku dziatania pola B,
wektor namagnesowania
zostanie przeorientowany
wzgledem kierunku B,

Zmiana kierunku precesujacego
namagnesowania M mozna
zarejestrowacé. W cewce
otaczajacej probke indukowane
jest zmienne napiecie — sygnat
swobodnej precesji (FID- free
induction decay)




Widma NMR

OH

Widmo NMR alkoholu etylowego




Widma NMR

* Powierzchnia pod linig rezonansowa jest proporcjonalna do liczby
jader dajgcych wkiad w te linig

* DPoszerzenie i rozszczepienie linii powodowane jest
niejednorodnoscia zewnetrznego pola magnetycznego,
ograniczonym czasem zycia jagdra na danym poziomie, wzajemnym
oddzialywaniem jader

Jadra rezonansowe wchodzace w sklad rozmaitych zwigzkéw
chemicznych otoczone sg przez chmury elektronowe, ktore ekranujg
pole magnetyczne w wyniku czego powstaje efektywne pole
magnetyczne

Bef:(l'O')Bo

gdzie o jest stala ekranowania




Widma NMR

Odlegtos¢ danej linii od umownej linii wzorcowe;
nazywamy przesunieciem chemicznym

— _ 6
8_((Vdanej linii szorca)/V)‘I 0

Jako wzorca przy pomiarach przesunie¢ chemicznych

najczesciej uzywa sie tetrametylosilanu (CH;),Si



Magnetyczny rezonans jadrowy

Najwazniejsze jadra rezonansowe wystepujace w materiale biologicznym

aNsu w

1

o . e
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Magnetyczny rezonans jadrowy
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* Wiecej fizyki na nastepnym wykladzie (precesja
elektronu w polu magnetycznym)
e wielowymiarowy NMR
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