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CHAYFTER X
INTRODUCTION

In addition to possessing an electrostatic charge,
soms nuclei mlec possess & magnetic acaeni. 4 study of
nuclesr wagnetlic resonance 15 in esaence & stdy of the
local magnetic snvironaent of & moleoular systex by ueans
of the usgetic propertiss of the nuelel. The loesal
wagnetic f'ield at a nuoleaxr site is determined by a nunber
pf factors such as soresning due $0 oxbital motion of
alsctrons, presence and astion of slectronic and nuclsar
megnetic aoments within and oniside the woleculs containing
the nucleus, and molscular motions. Therefore KK has ‘mn
used to Investigate such propextiss as the struchure and
sotions of molsoulss and the shemical snviranwent of nuelei.

When NKR 1s used vo svtuly the properties of
conducting meterials, two main differences are found
betvesn the bahavior of condudtors and nm-omdvetors.
Both of these arise froux the action of conduotion
slsctronms.

Becauns metals are sonductors, the psmetretiom of
the metel by the redis frequency mapwitic field is llumdted
by the skin depth of the metal. Therefore, 1f large

1
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placas of the metal el used, only shose mwisi nsar the
surface will be sxsissd by the redic frequensy mpwtie
Meld and she resulting HMX signel vill be weak, This
difficulty ey be allesvisted by using & suspension of
Tinely-divided particles shose dLnsions are smmll
compared with whe skin depth. In spive of thiw 4iffieulsy,
Liwe firsy coserwanion OF & resonance aignal in s amstal was
mode by cound’ tn I9AE. e correctly tdentified sows

i, Vo vound, Figs. Rev. I3, 1112 (194E).

spurious resonances he obasrwd in nis xpattromter as duw
) w&a and f:uﬁﬁ in che coppir wire of his receliver goll.

T mecond msin d4CfTerente Hetvesn metals snd nom-
ubtels syises Irom the mmgnetie intaveotion betvesn the
nuolel and the tonduetion eleetrons. This invereetion has
w0 Lmpoytant sifecte, It provides the doxinant sechanisw
for spin~lsttics melaxetion and lso produces & shift in
the resonancs frequency of the nucleus relatiw to its

mEonanoe reuensy In & non-setallic mmverial. mmxe

*iu D, knight, Fiys. Nev. J6, 1259 (1949).

disgovered that the resosante frequency in wetels i
higher tham for muslel of the sams ifsotops in am
tamuiasing msertal subjectad to the sams exveraal
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magnetia Cleld, ?m# showed shat thds effects was ssusmd

3@« : s, C, Hewring, and W, D Xsdght, ¥ .
Hove TL B52 {19501 * » o

by the local asgnecie fialds produosd by the comfuwstion
slectrons .«
Gurowsky' messured vhe line widzh of mesallic

xﬁ‘b de Gueswsky, Mays. bav. $3, 10738 {1951).

sotivw a8 & funotion of seupereturs. e observed shat tiw
1ine width a5 low temperetures (77°F) could be explained
ws she hasis of dipolar intersesions 1n & rigld Jatsise.
sovias) nareowing of the 1line was observed to beglin at a
taxperature of apprisinataly 199K, Phe widsh of the
rescnance vas obhaerwd to smting: Jecrenfiing with
ircressing venperazure wntil 15 ast.ined & sonmtant widsh
off 3.1 gausy, the lldy of resclution of the speszrasaser,
in zhe venge 250° £o 300, Outowsky alsc mwasured the

b N ‘ . .
He e Gutowaky and B. B. HoGarwy, 4. Chem. Fhys.
£, e (1952 !

1ine wideh of 147 and foumd & sixdler vempareture
depandenve, Agein the line widsh anx high sespereswies wes
detarmined by the resslusion of the speetrowster.

Holoowh and Norberg® weasured 1), the Spin-lsvuiss

- ,
De #« Holsosly and K. Z. mﬂm , PhySe Mav, ﬁ,
1974 (1955). g
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relaxasion tlwe, s T,, the spin-epin relaxacion tlee, in
%23, 115, 127, m%, ana 2T an & runction of vesperesure
by the spis seho meohmique fdoe %0 Hatn! and Carr wnd

¥ﬁ» Ls Halex, Ihys. Hovs 83, 583 {1g51)e

153
iuresll.” They cbserwd a sulden decreesse in T, for R

gxw e Cary must 2. Ko Puvoell, iy Gevs 94, &30

{ausd

4%, ant 17 when vhe metals aelved. Decause T, 1s
inversely proporcfonel zo the 1ine widasly, the devresse in
Yy orresponds n0 s broadentng of the adsorption line. The
desyeane 1n Vo upon aelsing is connaviey o whks ane vould
RXDECT MRIANE TIMNe Soore COROFYES AN ROCONDARYING decresse
In Tqe SoaoeTespondin Yy sadden Secresms In 3‘1 WS BOL
observed «

e subjesr of She present inventigscion has been
& puslesr pagetis resomenoe study of the elaxasion tiaes
Ty and T, and of the sbsorption spwerre of twe wenala,
sotium and rubidive. The relsxation tisss ieve been
asasuyed Yy pulse wechniques and Lhk ADSOYPLLON EpPRGLNe
have Twen sxanined om & high resolunion SpPectromever.
Xnawarensnss hawe been made wivh fappaows! esolution below
and abowe She xslting poinds of the smtals in onder to
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investigave further the anomslous behavior of the line
width of sodiua upon melting. & primary gosl of the stuay
has hesn %o try to Pind a plausidbls explanation of this
behavior,
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CRAFIER XX
THISORY

A« Bloeh phenowsnologleal sguations

In shis Giscussion the spin sysces will refer zo
the nuelesyr sagnecic mosents under considerssion. Mw
Iattion will comsist of uhw physical systes In whieh the
spin syscew 18 sxbedded {atous, molscnles, solids, liculds,
and gases), Consider s spin system o be plaoed in e
Urong, sonstant extermal magmtic fleld B, dlrectel
alomg the pomiviee £ sxis. It I8 obserwed shsy the
maaroscopic mspnetisation per unis volues ﬁ £Xons
exporensially in the direation of the & sxis sedoxding o

the eguatian
%w%xz~a"%1> ()

whare N, is 2w magnevisation par wnlt voluse of the spin
systan vhen the spin systes is Sn equiithrium vith its
latsice. The longitudinal relaxasion time T, 18 the
charscterissic tims o7 the exponantial prowsh famsion
and w111 lazer be identifisd with spin~lassise relaxstion
meohaniams.

If & is disverbed from 1ts equilibrium poattion,

shen thare ey exiNY Scponents af A in the LY-plane.
&
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desay at an exponential yave T, which 1s always less than
or squal o Tye The trensverse relaxavion time T, will
leser be 1dencified with spin~spin Mlaxnsion weoRanl v .

mmnf’ developed & ses of phenossnologioal

Fr. Blooh, Fays. Bev. 12, 863 (194 ),

squasions un deseride she obsarved phencesnon. e
MMLLE of Hlook's vork are yeviswed atv this polns. Nw
mpnevizsrion and angular acentua of she apdn systen are
related by the expression 5 * Vi whers ¥ 38 the
ryroamgnatic ratic and T is the snpulay momBBIRE DEr unlt
volwme of vhe spin systew. e squation of motion of tiw
spin systen 1o

4 = Y(xx B) 2)

In wost NR experimmnts the sxelving redis
Prequency megostic field Lo & llnear, oseillating “lald
glven by B, * Byeosws wharw W Iix the angular Prequensy.
Mds fiuld can be dssomposed Into WD POLALIDG COWDENNRLE.
Jnly the rotading sapenent In phase with thw precessing X
is sffwacive, in Pirst opder, In proiusing rescosnse .
Hanos tha tosal Diald effeetive in NHK has slw ceuaponwnns

B E (Bjeoswe, 3 Bymawe, B,) (3)
Eq. {3) 1s substisused inte 3g. (2), the dnmpiag terms Ty
AN Ty are insroduced, smd & retaring cooniinate Aysuem Ls
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selected. e U~V frame is selected to ronave sbous the Z
axis as cthe angular Frequemey of the romasing megnetic
f1e14 © . B, 1 shosen %o be Alirecsed along the U sxis.
After the slgebreie devalls ave carried out, the following
Pz of equations i obtaimed:

T W, - Wiy = -2 (ha)

* ‘?‘v t{w, - Wik ~ [¥ByN, =;% (¥}

gg:xlxmlmv:-s%ﬁ (de)

vhere W, = \8ln .

The sechnique 2 slow pessapge was used o observe
the line widsha in sthis iavessigasion. Under thw conditions
of slow passape the time of passape through resaance is
long compered with the relaxasion clase 7y and T,. In wnis
T ;9, 2’«1{3. and ;iz B¢ SlEORE xero and can be megleased
soupared o She ather verms in ¥g. (¥). Then the
componense: of megnetisation in the rotating frevs aere
obtained as solutions of the yesulting equations:

MERATEE

B Ky
y D+ ‘%(w:& . W) {5a)
% M, LYIEAT
B *r+ Bw, - W) o)
, * 1+ (W, - W) (5e)
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where D = 1+ {/¥] :sl)a"tl'r + Under vhe condizions of slow
veskage By is very small 80 that D 5 1, Yhen She sbove
conditicon sre Muifilled, Bq. (5e) represents the dLspersive
woda snd ¥y. (50) represents the abeorptive wmods of the
NEE signal, With the erossed-~coil deusation teshnique it
is possidbla to BuppYEES ane male and shmerve the sipaal
profduesd primrily by the other mode. Note that the
abaorpnion Svrve prodused by the V-mode has & Lozentaian
Hnes shape snd & widsh a5 helf-mxisux asplitude stven by

AwzE., (&)
Iy

Be dpin=-lattuice melaxation prooesses

he spin-lantios relaxation vine ’5,’1 ¥ax Intrndwoed
Ints the Nloeh squations 55 » Samping ters. Spin-lsttice
relexsrion is & prosens In widoh an intermenion “skes
Place betveen mapwiic xocents and aoletulsr motions o
lsstioe vibrations. The resul: of this intersetion in
that the nuciser woments e trensitions o snergetically
veelerred ppin ordentations. e conmmesion Detveen ’1‘1
and transivion probebility can e sean 1 the sase of a
sysves of nuclesar spins with apin angular somsnsum 1 * &
18 considered i’ 12 vhe BYsTeR 18 eabedded in a mtm

1%

Canbridge :ﬁ'i‘l: 'G;Mﬁm. 'ﬁ“ Yy nuhw

sxarnal mpetic fleld, two edergy lrwla will he
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pavabliched. o uherasl squilibriua by <he prinelple of
deualled Lelanting

ughg® Ny (7)
vimre W, 1a the auaber of mpins in the lower lewl, Hy is
the nomber of sping 1la the upper lewel, ¥, is che
prodebilizy per unis tiae For upward rensitions, and Wy
iz she probadllity par wmit oioe Cor dowrvexd Trensicions.
in therel squilibrdun H, and By sxe wiasved by tie
Bolizaean faotor

%% 2 exp l}ﬁ?ﬂ} w14 %‘k (£}
vhere uhe approxiuetion 1s valid for k?>> uB,. In Eg. (€)
is the mspnicnde oF W wagetic soxen% of the nusleus
and 2, 1s vhe mspnitude of she sxvemial megsetic fleld.

By substizoning Sq. {7) invo Bg. (&) we obtain

iy ® 1 [:H %} {im)
Wy B W [ - —‘%ﬂ] {3)

vhere © i the ween of Wo s Wy. e

Conmider the csss in whiel zhe spin sysres has Deen
dissurbed fvom 1% eudlibrivue configuresion so thas the
*nergy Jevels aye no longer populaved sseoding to ww
Bolusaann distridbusion. Duriag she time the drivimg
elsetromgmiic field 18 applied, thers are Swo conpeting
Processss taking plaee’ relaxation prosssses viish send
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o estaBlish the populations acsanding to the Boltxmams
Aisuridbusion and she tendensy of the Axiving Pleld o
destroy the Boltsoemm dlstribdugion. Afner the driving
Feld has heen Temoved, the spdn systes vill retum %o
i lIdxiun sgoording to she folloving rets sguation

n oz 2Ny - Bighy (29)
vhere n * X; - N, ¥ axcess pusber of puclel per euble
sanbimener in the lower energy staie. Upon substlsusing
from g, §), the result iw

52 &(ag »n) (x1)
wheye n wxum%ﬂu vhe value of n vhen the spin
wyscen snd the Iatties sxe in squilibefum st X = By + Xy
i the total nunber of nuclel per subic centimeder.
Intapravion of Bg. (11) yielan

n,=n 2 (ng - e " (12)

vheve n, 1s the inislal valve of n. Eq. (IR) shows tbav
sl brive detwesn the spin system and Lhe Iatsioe i
approwehed with thw sharestseristic nius

':j‘l = 5{1 3 {13}

shevefore the wagnstinasion, whioh is proporsiomal to n,
spproachns L1408 equilibyriue walue at zhe sase shareasteristis
sime as given by Bq. (13). The exvensimn of this snalysis
o the sane involving mexw shan two snergy lewls 3a
straightforverd but tediocus.
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Spin~latsios relaxatiam 18 & prosess in vhteh emergy
is sxahanged hetwesn the spin systenm and the lassiee smd
shgreby tands o heine he two systens O & Soumon
tanpe Rt . e probabilicy for spontansous trensitvions
bevwesn she nuclear magnetic snergy levels 1 extremsly
mmll; sheyeTore sseantislly all trensisions whioh ueke
Place in 1w relaxavion prosess axe indiked by &
Flsstoating segnesic Meld shoss Trequenty is e yeasonunce
freaguensey .

in non~metellic Iquids the principal mechanise in
spin-latuics relaxation arises from the thermml wotions of
the arous or noleenlss whioh conssisute the lastios., Thw
Atons or molecules san Do reparded 4% whicles whish saryy
the nuelesr woments about, If acvention is Mxed on &
pertioulsy ausleus £, then 1t is found that & flaetuating
magtio PMeld axists st this nuoclesy sive. The
Tluctuating fiald st uhis size i produosd Dy the motiom
af ouher asmders of the apin systes relative o she sive
under ¢conaiderasion. I Creduesey cosponemus of the
Fourder spettrua of s floctuating flald axe av she
reponance Trequansy of the nuslsus 1, then meleus 1 wmy
be induced to sake 4 transision. The theoretlisal yecblenm
then involves sn asalysis of the lattise woslom to
devexsine the FPourier spessrua of the flvosussing field.
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Bloswbergen, :urcwll, ant Foundl1+1% yorked on whe problem

ilg, B:fmmtgn’ ' £ Mapesie Halazatis, e
Hagoe? fmrnimt HL. hot ,‘1;&-

., .. . .
Ho Liogubetgan, «» fureell, and K. iound; ihys.
seve T3, 679 (19A8). ’ ’

#nd sbialned for the cuse of dipalar-tnserscsions of like
niclst she follming sxpmweasion for the dipolier oomurti-~
busion 4o :*1 in & lAguld due o translusion of the nuwelel

oD
A Y / A 2T,
Yo« iR T{*"z"r __.EEG "
;?} 5 a2 r 3.+%z; b S

1ja 2
where H In she nusber of nuclel per cubic canviasver, ¥ in
rhe gyrousgrwtic ratic, I i the spin Juantios number o the
dentical nuclel, r is the mdial dlisstencs from the nus sus
3, & 18 che Aintance to the nesrest neighbor of nusleus 1,
W, 1% 506 suguler resonance frepency, and (. is the
correlanion time, In pemersl (o i# the length of tlue
ower which sous correlation existes. JFor Yhe case in which
relative sranslssionsl motsions of the moledulss are
primrily responaidle for the fourfer spectyum, Sloewbergen
cbtained she following expression for L

~ -2
(T syane 385 = &= (1%)
wimre ;3; is the mean squaye 4isplacemsnt of & parsiels, »
is she relative displasemns of two partidles ia any
direstion, and D is the diffusice cosf'ficimt. I different
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spaaies of muclel and pareasspgetic lons are presens, then
sppropriate modiffoation wusy be amde o 4. (1M},

e atidn of the atons 15 & #0114 way De
restricted o vibpations of the stoms abous fixed lattice
points. nis cass, in whieh dLffusion of the stoms through
the SOlid doms not Zaks plase, is often referred L0 in e
tverature us & rigid lastios. Themlors one vould szpect
chat Ghe resurdesed sotiom in xhe sSolld wauld result in
s iler fluotuasing megnetic Mlelds thuan shose found in
Mguide and ance that Ty should e longer in the solld
than in e liguld. In experioents it wes Tound shat Uy
wka fndecd ldepger buy Rot &s long as theory pedicted.
Slosibergents Invessigeted she probles snd propossd thas

. miosubergen, ‘hystes, 15, 3°6 (1948).

sven in pure matearisls Aows parasmsipnetic Lons were pressnt.
he large sspwitle wowsnts of the parameynetic ions would
tharetore wake she Cluetuating flelds stronger than
otharwise would be anticipsted. By sppropriats sxperiments
Bloe shergen demmstreted shat spin-~lattice relaxasion via
she pursmcpnssic fapurity fone was the dosminsnt mechamism
in rigid~louvics, no-emmtallie solide. In this prooess
axcess snerEy In the apdn system 1% carried by & watual
spin exchangs prooess toward the Lapurdity lon wherw &
mspaetic Intersction takes plisce with the fon. Then she
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snergy ultimtely shows up ss an Lacreass in the Sherms)
spergy of e latviee.

If & nucleus has an 174, 1% way have an electric
quadrupole momsnt. Sk & nuslaus will fnterest with o
slassris Tlall gradienss of she slsevrie fleld in which 1¢
residen. D Interection energy is & fumetion of wiw
orisntation of the mueleus with respeet to 1vs elsstro-
avatic snvirosmnt and ia therefove & funotion of' the
Bagesic Quantus nusber & wvhieh desaribes its spese
srdentation. Henve sn slsesric quadrupole acwent mey
interact with & fluctuating slsssric Mleld gredisns am
therwby provide an sddivionsl apin-lastioe relaxesion
mschanisg. e eleetric quadrupols interestiom energy is
of the ower of the product of she slsotric guadrupole
somm: and the sleotric Tleld gredisnt. in onder of
wegnicude caloulavion shows that vher gqusrupols iater-
aetione are present in a ¥yates, chey muy predominets over
the nuclsax dipolsr interestione.

Ue Spin=latsioe relaxation and Xnight shitt ix uetals
In 3.:}36, Heitler and Zelleri? pointed out thac a

1 .
Heitler and 2. Nller, iroe. Loy soe. (London)
Alss, 629 (1936). ’ i

spin-apin incerseriany of the auslear woments wish the
sanduation slsssrans oF & wetal should provide & wery
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powerful spin~latrice reluxation mschanlism in sevals.
Clossly relsted o the elexetion phanomenm is she Inight
sy, Immt?aimaﬂm in 1989 shat the resonsme
Crequansy of' & nuslear species in & mecal is nigher chan
sne Teaomance Mrequensy of the seas S90nope of the elessnt
in & saln,

e Claxtlionlan desoribing the aegnetic intersstion
o wiw nucleus with the castucsion slsaetrans is dlsoussed
by Dloewberpen and Rowlend.?¥ he demtluonisn 18 repsaved

1y, Bloenbe and I'. J. Zowland, Aova
aesllucglon L, 731 {1953).

hare:
p= iU Y RIEE SG) - 2 Y Rl 2 HET)

G
. X,jwf[ il‘-;g-i%ﬂq (16)

whare T 18 the redius wector of the elsctrom with the
mucleus st the origin, U 1s the nuelesr grromgnetic
rauio, and A 18 the elsetyic quadrupoler interestion
1 13

Tw TLrst teyw in she Hauwdlzonisn oocurs besause
the slactyon wave fumction has a fimits value av the
nukieus, she second SeTE represents the inserscsion of thw
nuslear Bpin with the elestren spin, the third represents
an intsvsstion of the nualsar spin with the slsetrom
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oXbAY . ar: the IASE ters epressncs the incerestion of the
elsctric gquadirupole mowent with slsatric Tield gredienss.
Korrings3® nes sxamtned thw sonsriturion whieh mhw

Olan jorrings, vigeies G, 531 (1953).

sonduetion elsctrons ke to the spin-~latties relaxation
PTOCRRN, {?2.}&' and the relstion ot wl)u %o the rntghs
ant e A% « Hi% wemulim are

ot 9
{?‘ﬂu - RS (e STME, [’i": M (1)

e f :!:‘ EQ) are the densisies of the eleotron states per
unit velmae per unly ansrgy for spins up snd spine down
respecrively, swaluated st the Yermy sursoe, ¥, 48 the
azonle volumes, A& Is the hyperfise splissing of the

ground state of the fres atom, iy 48 the probadilicy
density o»f an slectron in she ferat surface &% the muwleus,
and (., 1w uhe probeblifsy density of vhe walente elastrom
in the Ures xiom at the awlsus. KorMinga's remult for

the Enlght shift also ¢aloulnved using Bloch wawe Muwtions
for the slisctrons is

Al X' AX v, Py ,
T2y mren e (18)

Loupling between melsar aledtyic sumdrvpole molents and
elaatric fiald gradients at the nueleus due o the
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sonduesian elearrons L2 nat lznelnded in the Xorrings
resulte; hovewr Blosabergen and ﬁwlmdwm discuns sosh &
(2 12O

D Line widch and spin-apin relsxation processes

The reacnanse 1ins possesses urt shearved iime wideh
for twe yessonst (1) the yowss;oe of & statie sonponens of
lotal fleld whish haw  ALCTerent amgnitude at ALMferens
nutlear sives; and {(11) shw finite Xifwtloe of & muelear
nagnetic apin ssave.

frod & 2lassical viewpoin? each nuelesr HOMent
finds 1raelf in & voval neapgoetic fleld whieh 1a viw sum of
the sxtamslly spplied mapnezic Field angd the losal
mgnetic MMeld preduesd by the auwclsar dipols momsnss of
neighboring nuclei. The mgnenic feld prodwesd by =
magre it woment 2% distasse x fron the momant is
proporrional %o -;-_“3-. "erefore, in gemerel the loval
Tield, B, will vary rox place to plase In the xuslesr
spin syszem. Since thm yesonanss sondition is deverwmined
by

Wz fimg+ ) (19)

e would expect %o £ind & distridbution of resonmnoe
frequenciss, A W, ~YB;; hente the observed rescnanee line
w11 exibiy & widsh. Comsequently, any msthaniss whieh
wakes & sonsridbution to the stasle B, will ecatribute s
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Sbserwd Iine broatening. uch browdening {s knowa as
inhosopenecus hroadensing .

conslder she other csuse of limne brosdening:
Madzing of whe JMfeniae of & milesy spin scede. e
I4fenlme Au oF & geave Ip related to the probebilivy of
sransizion per unit siae W Spow that stste %o another by
the axpression

AT % {23)

Where 5. 18 relaved so I, by Sd. {13). 3By a consenuence of
the uncertainty relation, AJZ Ar~h, the energy Jevel of
<he muclesr apin stete vill he brosdenad by the amouns

R

Az

???; (a1)

und Mnelly shere will be & gprend In the observed

rermancs Trecusncy piven by

A wu = bl & (Eﬂ)

m(wmmnn has shown that the obmerved ?32 is
reloted 29 ::*1 and T} by vhe Tellowing sxpression

i .
+ §£+ﬂ; (23)

wiere r; srises {rou effests due to losal stavie Clelds
and muvesl spinetitpping. he above sxpression 1k walid
only Cor tlw cuse of axtrels wmotional nerrowing of che
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resmence 1ins., JuIstde vhis cads no ssple relation
betvean ‘?l, ‘z*‘g, and ﬁ% can e asvabliished .

B, Susery

e cbaerved spin-latviee relaxotion time Iy 1s
the resultent of a1l the prosessen whish conuribube to
spin-lascive relaxesion. Thw observed T, can then e
represented us the sum

EXL Rt (h)

Sletlarly, 17 21l chw intersorions which sontribute o the
1ine widsh carrespond o Zhe seas 1line zhape, then the
observed spin-spin relsxetion time [, can be represented
by the sum of all the compributions as

et (45)

In wetsls, the main msohanisas of spin-lattice
relaxation srel moelesr megnesic lnversesion of the spin
systam with latsics motions of the spin systes, d1iffusion
of metal asoms shrough vhe lastioe, 41ffustiom of apin
SMrEY o pavremmgnetic Smpwrity ioms, inserestion of
eleotric qusdrupols sousnt wish slsatris fisld gredisnts,
apd the predomiment Powve--sagnetis inversetion of the
spin system with the sonduasion slestyons. Fassors whieh
consridbute to the 1ime vidth ix wetals ures (1) the
varistion in the stacis eomponent of B& hroughous the
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span mystem (inhomopeneous broedeming) sad (i1) Limttcing
of the Iifetioe of she spin ssase by e spin-

lastice relsxesion processes apd mutusl spia-

Plipping.

an
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SHAPR 1YY
L ULPRENT N0 BXPERTHANTAL IMOCDURE

4s Bquipawnt

A Yaxian Type VY-R212«i pagret wak used in these
experiamncs.  THiN magnes has oylimiricsl pole fsess
whioh are tvelwe inohws in dlsneter and has a svo~inch
8l gape 1U can produce asgwtic flelds in the rangw fron
e 5o twelw kilopsuss. Ihe well regulased power supply
froy the mugnet vas desigoed and bulls in tids labowtory
A is described by Pareinger.’! aadirionel regulacion of

17;;, Ty M r, dodtoral dizmertstion, Mw Ohdo
stace Universtvy (1958).

rhe sepnetic Mald iz avssined by using & Varisn Super
Stabilizer dodel V=E352. The Super usabiliser also
enables e to produce variasions of B, av & low Wt nearly
consvanst rove.

The axperimsnts in the presen: investigaticn vere
sarried our ab two frequenciest 3.3 X0/3 and 11,0 se/s.
T™he radio-Mrequency sources sansinted of WO separate
oseillators sach of whieh i crysisi-conirolled. The
suspus of whe osclllators san be somtinuously sontrollad

2L
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owar & renge from peveral sisrowatts to abous f'ive wavus.
ey are desigwd #0 that the omspus san be modulased dy an
audio osaoillasor. This provides » sonventsm:t meshod of
calibyecing zhe sweep Meld. 2oy spin-acho sxperimemts it
is desirabls to hawe & pulsed radio~fIequensy BOUYRE.

Bosh osoillavors e modified so that the soresns mwd
plavas of ths two stages Defore the final can De pulsed from
their quiescent nzate of twenvy-five yolts below she
cashiode potansiala to thelr saxima possible posisiw
posentizl,. ™is provides a raric of on 50 off voltege at
she output of ten shousand to one. In thds vey a coberent
source of pulsed redic-freduency pover 15 obteined. In
the julsed mode, the oaslllasor rises Prox sinlmm ve
maxiamua ouspus In Cive sfarossecods s fells from
meximns ousput oo mintmne output in Shoee aforosesonds.

A Jektronix Type 1GE Weveforw Censreror and two
wktronix Type 1563 fulse Oeneretors were used te pulse
she oselllasors used in vhe spin-echo experissnss.

The prebes uled in the SXPEriasnts are the erossed-
coil type Verian sodel VA3NlA, One probs was operesed as
303 de/s ond anovher at 11.0 Me/s.  In esch probe, theve

45 & st of Helmholtx oodls wizh the sxis of the ms

ordentved parellel ¥o the direcsion of the sxverml
magnetis fiald, The Helwboltz eoils san e driven by the
sawtooth wwenp of an cssillossope in wder %0 produse st
the site of the sewple & mpwtis field vhish variss as
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& oonitant ™ate. The wagnisede of thix field svesp can ba
warisd from & fov Mllligeuss o Five pawes.

& Varisn Yariabls Tempsrarwurw NME Krobe isesssory
Nodel V-A341 vaz used to obtaim & variable sample
SAEPRTRIUIN,  The USAPETRLUYG AESARNOrY VAR modified so
thas sanple tubss with an outside dlamsber of & wa. sould
e ubed. In order 0 reduse the sensivivity of she probe
balance o sapsreswe flustuations, the tresafer Dewer was
enoved & pleos of hipgh-grede Tabbey hose was then used o
connect the hester Sube ansemdly to the lnsert Dewar nap.

for desesting the Xk signel, the First stage of a
Walloen castode preaaplifier lu comnedted divectly %o che
probe and the mcond stage 18 looated in a Mevfonel HRO-GD
radio receliver. This sysven bas & capadility of devessing
& Y1 sdorovols sigmal as 11,0 Ha/s with & sipaal-to-noise
reatic of shout 3i1l. For slow~passspe Vork, SO ounput st
the detecsoyr of the Jeesiver ix connedted S0 8 low-pasn
#C fLllver eireuit vhieh has & tioe conetant thay oan be
varded in soeps Urom 2,01 %o 3.0 sscomds. The sigaal chen
passes throvgh & cashode follower ani IO dalansing synten
for convenisnt dlaplay o the Tektranix Type 533
asgslloscope. Por xhe pulse sxperimsmts the wtpus of she
revceiver detecter 18 comested dirxeosly %o thw oeeilio~
scopes in this emfiguresion the overell bend pass of v
deveesion sysven is approsimmtely 3 Xo/s.



B, Experimentsl sethod

In che slow-passege sxperiments, the exvermal
risld sweep wes obtained by having she oseilloseops sweey
drive, by smans of an addisiosal amplifier, the Helsholos
codls In the peobe. The resecunce signal was then displayed
direetly o the oeailloweocps and photogrephed . The lime
widshs were shen derermined directly from the photograph.
In all the sxperiments the Iine widsh & 2 4s saken xs thw
rotel separation {in gauss) Desween the half-mximm
amplitade poinys o the absorpiion curve a8 displayed om
vhe oscillomgcope. The Cleld swee) vas oalidbraved by
modulating she outpus of the rdio-frequenay oseillazer
with & salibraced sdio freguenoy osolllstor and then
mepsuring the seperetion betusen the centyal lime and the
1isea due o sidedands which sppeared on the sesillossope.
Care was taken to insure thas the el Xabe was well
below that rave wialoh wmld prudude eddy surrents in the
prote of sufficiens wagnivis to oause ‘arsifieisl’
broadening of she line beiag ctserved. e time comasans
of the RC flter natwark wans always séjuswed o pevweat
sny artificlal brosdenting. The outpus of the redias~
frequeney oscillatox was opeyatsd in & region wiwre &
1ear tnereane in suspus volsage wvould resuls An &
Inear insresss of the amplivade of the Wil aignel as
displayed du the oseilleseope. This prowsdure was followsd
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in onder to prewnt drostening of the line due to partial
satwretion of the sasple.

Bufore sseh sxiperimsnt vas begun, the mgnst vas
sysled In order %0 cbtaln the best fleld homopeueity. The
Super Ssebiliser wan then yus into operetion sud finally
vhe 'ield was srimwed using & Varien #iel4 Homogenelisy
Comtrol Unit Hodel V-A365. The sample used durisg shia
yrosedure wvan & 4.5 aolay sgusous solusion of NaBr in an
£ wue mample tube. The widsh of chis line was foumd so
be hevween 13 and 1% milligeuss, a result consissent wish
some mpublished dave by Ellessan. Tharefore the rield
Inhomogenelity over the sample in 1os active vepion
probably 434 ot exceed several milligaves.

spia~latiioe relaxetion times Ty were usamured by
the null method dus to Cerr and Pureell.C Tn cais method &
160 pulse 1= applied and &s later followed by a 90°
palses The tiow Detweer the two pulses I increased sech
time the sequence is sarrfed out, and the call av she and
of the second pulse L8 cbeerved %0 be & minlmis Cor a
sertaln pulse seperation t. Then 7y can be found from the
mlatimn

Ty 2, (8&)
m-nm Melaxation sise T, was masured by the Cary-
ruroe1l zeshmique in vhish & mingle $0° pulse s applied
and shen 1is followed by a sequense of squally spsced 129°
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palees. This prooedure rwailss $n & eguense of sahows
with & single eehs appearing besvesn sech pair of 189%
palses. e envelops of his #6ho WHUENCE EREYR B X
sharnoreyincic rate wideh 12 wory nearly edusl %o the true
Vg of tow weyerisl. oxtificfal shorvening of Yy dus to
aiffuston of nuelel shrough as Innowowsmeous B, 18 gresyly
reduaed .  Mw effects oo U, of ishooupeneities An B, ave
less 10 the specing beswesn the 1FI° pulnes s reduvosd,
Zvever, experisensal d107tsuliies preven: this spacing
from belng wade arbisrertly short. In shede experisents,
she speeing betveen 1077 pulses wax & amee,

o ki T

“he amrallie sodiun used In shds work wes yery
indly dopaned by Hede Indusseisl Chealoals So., W
dmanion domd, Vinolonaeci, Jhioes Iv constimted of astaille
sodiuw 2ispersed In an odl) salled ~Ykylsue S775-1% wish
el alusdnuz soesrety sddiziwe,  Alkylete sonslste of
pevrolenn isoperaltine subiond with alafin hyd roosybons .
e pmroleie sine wes allaged to be fn the reaxe of 1 %o
14 mforons and %o Beve an avereps sisg of T sferons. -
slice of the sodlum 4Lisperaion weas sxamined under a
wleronsore and the perciels sise was doupared wish she
™ bloot sells of the auieken: e avwrege sise o
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vhese cidaken cells 18 Xnown o be 7 sterons.lf e sedtum

ot . ey aommmmm

parciclss vare cheeresd %0 e on the nwngs,ubwz seven
wieronsg in Jisoever.

Yoo rubidiua saxple sz vory kindly doneved by
e VELXLam Gagey of Batrelle iaworisl Instituve. The
hidina hed been disperssd In pore®fin. The particle
size of this dlspersion 1o not known.

Bovh she sodium e the rubldiua saxples were
placed Zn pyrex dubes which hwve an usside disseter of
Fomse and sn inelde diameser of G e
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LRAFTER IV
RESULRS OF EXrERIMENTS

The 1ine width § 5 of the absorpsion spectrus of
aetailic sodivw walk masured owver the LeMPeIRIUNe Tange
39% na 1897 G. An twD resonanse Twquencles: 3.3 ke/x
and 113 se/8.  elning ccowrs st 957 C.y therelore
obmervatione were aade In hoth the solld and 1iquid
staves. Che results sare presented In Mp. 1 oand 2,

“he probable syror in the date at 3.3 /s is
+ 33015 pause In both the Jquid and solld staves. At
1149 de/n zhe probable srror A8 % 3005 gausk in she
salid state snd ¥ 30010 gause fn she 149034 state. The
probable rror was sstiastced as hal? 40 e AifTerence
benveen the aaxloum line widech and the minimus line widsh
shaermwt 81 GGON TOEPETALUIY. AL 14a8S ning MABUTreRNTE
vare made &t SE0H LOEPETELUYG.

i% both Trequenvien, & large incresss in 1ime
¥idtn ceours ss the tenperazure of the Banply PaRses
shrough the aelsing pofat. At 3.3 so/s, the 1ine widrh
i %330 gauss Juss before melting and the Iime widsh i»
Fe Wl gauss Jusy alsery welting. MUIs in s T fincresm

29
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in line width upon meltimg. &% 11.0 :e/s, the 1tne widrh
s 1.O83 pauss Just befwrw melsing and J.XK) gauss after
she saapls har melved., Thiwm In & 400 inorease in 1ine
vidih upon aeloing.

In Mg. 1, Lt is seen 2hat at & resonsnes Crequensy
of 11.7 4o/s the line width §B of nhe molld bas sn
sasuntially constans value of J.042 gauss from 3 C. o
the welzing point. e dasa in #g. ¥ show a 41" %evens
behavior of the line width in she soldd at 3.3 Me/s. In
Mge 2 43 in seen that 3B 18 7.931 peuss st 37 C. 4
G567 Uuy B has risen %0 7732 pausy and shen continues to
gredually rise unsil 0B % 2,736 paums jumt before welting
beging., Twrefore in the tsoperesure range Prom 37 G. to
the welting point, the ine width of the resonance line of
solid sodfiun exhdbits & dependense on the Msonanse
fmequence; In sddision st & resmance Crequency of
3.3 do/u, mhw line Width exhibite s Slight tespsrsature
tependence. “his tespersture dependense i not ohserved
&% 11.7 08/8.

shove the melring point, vthe line width of the
1inuid exhdbiss ¢ different behavior. In the jemperature
renge 132 50 120° C., she width has the Averdge SORSTAn:
value of .01 guusk for hoth resumance frequensiss. Jende
the line wid«h of the 1iquid in this range 4oes not sxiibis
& depandence on elther MEpIretuN OF 1N YESNEO0S
Frequamey.
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Soue phosographn of the sbsorption speetrus of
sodium 5% & resonance frequenay of 1l.) #c/s are presented
in #Mg. 3. e oalidbresion of she Mleld mweep in Pig. 3a
1% 1. 2P gauss per divistion (esash divisicon, whieh has been
reduned in sl photographic prooess, repressnts 1 om. m
zhe oReillossope soyesn for o votal of 1% eme)e In Mp. 3b
rapongh Mpe 34 she caltbretion is J.ME geuss per
ddvigion. 74z. 36 As vhe SDserved ADROXRLLON ApRetIuUM At
397 G. Mp. T 4w 5 photogreph 0f the EpeRirus S8 Ui
aodiuam Depind o smlt.  #ige 3¢ through 3g ave photographs
of cha spectrus talen in sequenos o3 the asliing prooess
pProgresges.  fMg. 3 shows tires successive phorogrephs of
the spectmum uaken st 1957 C., JUBS BPfEey the PeSORANGS
Hne of soll sodius hus diseppeared. The line widihs in
Age 1, ¥aleh sve plossed at 170°% amd 171,57 G., were
obtatned Mrom the osbsorprios spectrs shown In Mg, N,
e Se, and Mge 37, In which thw Tesimance lines of
20130 and 1IGWd soldfua sre sesn o coexist. g 3b
shrough Ip Imdicate Shat the resonsnce frequensy is
Airferent in sclid and Myuid sodfiwd. It s for this
reasont shat i i pospille %o observe the resooanse lines
of nhe solid and liguid while the two pPhases soexiet,

e coaxistense of the solid and 1iguld Iesonance
lines &t the welsing paint was ohserwed at bosh 3.3 /e
nd 11,7 /s, At 3.3 Me/B the separation bevwesn the
senvers of the 1iguid and solie 1ines is 2.003 geuss (n
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an sxvemal ™eld of 2925 geuss. The sepevetion of the
lines does not chiange as the melsing of the sauple
progresses. St 11.0 ide/s, the sepamtion of the two lines
in obhserved o De 2.25) peuss in sn external fisld of TR
zeuss. The separation &% 11.0 #e/s doss nov ehange ar the
alving protedure FrOPYWREGN.

‘he velexsiion timer 7y and 7, of sodium were
asasured s & Tunction of tempersture for tWo ITeENANSE
frequmncies: 3.3 He/s and 1107 de/s. A previously
mepnticoned . the spim-scho vechnique was used "> thwmse
s puresenug. M aell sethod was osed Lo deteraine !Z‘l
and she ueeve-urcell methae (& single 5O pulse followen
Ly ¢ seyusnce o* squally spaced 1771° pulmes) wak used 5o
aenpure Do The resnlys of the Ty asssuressnss acv
43 ciefE ore piven in Mz. & he spdn~lestice relsxanion
tine '1‘1_ docresexs A% an appraxlaecely linssr rate wizh
tnorersins tepersuure "row 14 osec, st 33° . G0 wboun
Tob mmes, u: 1117 Go 7w spin-sptn reluxesion sioe 2, 4o
sheerved w3 denresse arproximazely lnesrly wich fnereasing
SESPATATUNE PTom $a5 apecs 8% 300 Co 00 Led maet. &% 500 O
a0 aesount o nhe poor signal-to-nofse rasio, £t was non
pousible o aeksure 7, above the aelting point &t 3.3 Me/s.

The resulcs of the spin-echo messuresents o sadiua
AT & resonange *requency of 11.7 #/% are pressnted in
Mge T T8 4 commequenee 97 an Laproved sigoal-tonolse
rexia {as compared Lo She signal-to-nolse ratio at 3.7 +e/s),
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Chems aeasuremsnss vare extended to 122° ¢, e relsxstion
niime 2‘1 it Jboerved o decresass appraximevely llwssrly wish
incresging Sempersture Prom & value of 16 mswe. av 287 G,
to T asec. 3t 111% €. Within the imits of experimental
wrrar, this is squivalent to the cbeerved behavior of Ty
ar 3.5 Hefs.  In vdwe w5134, T remsins essentially constany
room 397 o K C. and har mn averege value of 7 mase.
Melzing bepine at 75° Cop an ThLS empereature T, haw sn
svorece value of G msee. At 197° ¢, she sazple 1s
seaplevely melved, and T, has decressed Iy 3.5 asec. Ihe
relaxssion tlee 1. thenm remsins constant &5 "he tespereiure
increasss 5o 120° O, Ninoe T, is sinversely proportimal to
the line widzh of zhe abrorpsian spechros, the dedresse in
Iy upon delsing 1% conslstant ¥ith she observed increass in
ne vidsk {see Mg. 1) 4 change rom Ty ® 3.5 weee. in
vl 1Iquit ne Iy % L. akec in the s0lift dx an increamse of
T3 in reloxetion %ion.

In oxder o svudy fursher she wechanisus whaloh may
contribute =5 she line bLreosdening exiidized by sotins, the
relazation Siwes of the protom in the 0L In vhish %
sodion war dlspersed were investigated. o portfon n* the
o4l wan Jocanted Trouw the sodiu Adspersion ant plaged in
& glnss Buaple tube with an Inside dismster of 3 ma. T
reloxazion tiaes 0y and T, were measured by vhe spin-echo
Lechnicue At ronw teuperetiae and in che neighdorhood of
che weliing point of sodius. Jdw results sre shown in



—= U =S © 2

§)
Mps L oo relazsiion siues Ao nos Ahow any ancasloun
behavior in +he regim of the melting point of sodltm. The
relaxation tices of tha prosom ia the sodlum dispersion
were sespured by e spin-echo sechnigue. The saxple used
in the sofivw experlasnis was alss used Tox these
aeosurenents. The resulis ave ehown In Mg. T.

Ho snoaslous behavior of 7y and fg T the pronon
in che sodive disperslizn 1o obeerved 26 the amliting point
A godinu. 1T the ?l
it 38 seen thaw ;‘1 of uhe prostn 1z lomger in tlw
aisperslon shan in the Tulk stl. Hor exsuple, as 327 ¢.,
'.-:‘3 * 1.0 Bets in zhe dispersion and Ty 3 2.0 mec. in she
buik oil. . 239% C., T * R0 sec. in the dispersion
amd g ® Ll sece An the bulk oll. Hence the slope of the
;’?1 cuwrys 1s grester For she proton In siw dispersion than
Ll provon 4n the bulk oll., o omerked A1l Merencs In she
magnlcxie of <o n whe Ty saapise Le obserwed throughout
che teRperesure renge in whicli msasurexents were mwde. I

fdava in Mg. & and 7 sxe compared,

199% ¢, A selected as x point for couparison, 1t is seen
that In the bulk ofl & F .40 sec. and in the dispersion
Tg % 3403 sec. Hente the relaxation time T, of poe Hrotom
in she disperaim 1x only 1/2) o8 large &8 4% As in vhe
buik o1 &% this tempersture.

In onder vu gadn furrther insight lnoto whe
apclanisme causing the Iine broedening of nodium, the wg
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isotopes of Tubtdtum, Kb°2 and M7, vere invessigeted.
Tha resulis of the sessursamnt of llne width as & Swnetion
of sesparsture Cor kb’ are presenved in Mg. . Due to &
oy signal-co-nolse ratlia, the svatistlcsl wvariation in
ches dats 18 rather larps. e probabile error is
ustigsted uo be * 3.1 pauss. The praobable error for the
rubidlue date was estimetes in the saoe vay &5 AU was Tor
the Uine widsh aeasuresents o* sodium. within she limtos
of axxerivensal error, the line widnh of imﬁ’f i3 obmerved
%o be vhe szee in the liquid and the solid. w0 Clesrly
respived resononce lines were aot observed at the weliing
polnt of W& the case wigh sodiua. TInstesdt, during the
walting process, the simel awplitade i observed %o
deeresse L0 & level such thet Lv s nearly obscurert by S
nolse. . Cuer che rabidiug hae seloed, ohe signel
wmldoude 15 v soaw s bafore pelting occurred. of Shw
saleing podne, Yiw Anipht aldfs In the liguid 1 417ferent
froi the Inight aalfy in she soldd, owever the ALfference
1 sanll cowpared with the line wiAth., Hence, 2 s result
of the change in Endght shifv and & poor signel-Bo-noise
tio, the llne width at thwe welving poing 1s obmerwsd o
behave ax dessribed abaw,

“ne line width of 1°” 43 & fumeslon of tepersvure
12 yprwsensed in #Lg.s 2. e probabls arror is estimsted %o
e ¥+ .k gouss.e Thw line widzn has Gn aversge welus of
2.6E gauss 8 3'}"’ ¢y and desreanes wizh increasing
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A
seNpeTaIuYe %0 B AVersge value of 0.5 gauss as 38.5° C.
Just below e welting point as 397 C., the line wideh
suddenly decverser %o an sverspe value of T.AL gause. e
1ine width 1g observed o de 241 gausn alowe the welsing
roint also. Inszead of exhibiving 2 liine brosdening ax
acdium d4¢ st the melving point, 2D~ shows a line
narroving. Aurthersore, in the case of m‘% the trensicion
takes viaoe Jush: helow the welting polus.

e Itquid and Wolid resonence Tinew of b0 were
observed while they coexisted at shw wmlting polnk. The
osnters of the lines ware obserwed 7o be weparated by D5
pauss in an exvernal Fleld af 79Ty geuss.  The 1iguid Lines
appearsd 55 the lower fisld For e cysstans frequendy

3-'3 ‘ﬂfﬁé
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CHACTEE ¥
DISCUSSION OF RESULYS

89« () which 1i» walid only For o sorenstisn line
sheps, can Do used o soupare the apin-spin relsxasion tise
I a8 determined by uhe slov pusscge technique. In the
foliowing sebulation, "u{ SB) ropresente the spin-spin
relaxation tiue vhieh hes been detersined rox a
seasuresent Of the Une videh 8L, and I (pulse) is the
ypdn~spin relaxasion slow o8 deterained by the palse
wechnigue Zor sodiwuk.

NBLE 1
QO ARLSON UF LINE «IL3MG 2D T, OF Ne*3

Freg ‘nﬁp R -] | Ml §B) To(pulng)
w/n G {gauss) (Znee) ‘{iu«:’
3.3 33 %I31 % 20015 Jelb 2 2A Lu5 % 14D
3.3 ‘Q'F Del¥ 7 > D ¥N5 165 » Tl Hekt & 1.2
3‘3 108 Fe Wl * &.331:: &.008 g ’}(n - -
11} 33 e - B PO s b be'Th * 20T Teb & ol
112 39 3-0“3 + 3.VF% tw%? 2 Lad = D%
1022 109 5.1 % 0.017 Mok = 3.7 3.5 5 046

A asssurenens of T, sbowe uhe mliing point by the

pulse technique at 3.3 Ne/s wes nor pomsibls Decauss of whe
L Y]



=< "o = &2

48
poor Bignal~to-noiss mitio. e dach in the above
vabulation indicane Shar in chese sxperisents the greciar
preaision in seasuring “l‘g wax aohiewsd hy using “he wlow
passape ecinique with the Righ Mesalusion Spectrommuer.

The obmerved anomelons hrosdening of tiw sodium
Iine will be discuwmed In verae of severel inown brosdening
machanimms, S Agcyesss in the lifetlme 5% she muclser
sping suaves vhan eodfnn welts would csuse Mrosdening of
*he line., ‘o princlipel sechanisss effect the LMesiae of
whee fpin aveses fn Nelr (1) apin-lettice rwlaxsuion
processes, an¢ (1) wetual exchange of energy wishin che
Epdn symten. The lanter procens L8 oten termed spin-
flipping. The spin-latsice relaxsrlion procesns 1 noy
bellewed o0 be che cause for the Ccllowing reosons: he
relaxation time ./, 4088 not UMErgo any mulden change ot
s meliing podnt. Inssead, 7y tontinues So decrsiue sb
the same rote with Inoressing tewperssure In she liguid am
in <14 In ke sulid. Also, 1P the spin-lssiloe yeloxation
Process were nn iwportant asehenisa in desersining T in
the Jgudsd, then the line widuh of e liguid would alsy
w3 variation wish vewparsture, Thin i3 nou the canej
She line widsh of the Uguid 1s obserwd 4o rMessin comsiant
up %0 127% 0. 1 decresse in lifesisg of the spin atates
dus S0 an inoresse in she spin~-Tlipping Crocess upon
aelving yould nor affeor '?1' Iowewer thix does not appesr
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0 be & probeble causs Einse tha probabdilisy o spin-
Fitpping should decresse e Lo the sxpessed Jdecrsase in
T en the yute of self~1itfusion of wiw sodiua atoms
increuses. . line narroving due 5o sell-diffusion in
sodduw i3 cbeerved® to begin av 197° X., and there is no
messon G0 expect the diffusion prosess U0 be slowed down at
Mghey tomperatures. On the contrary e coefiatant o
sell-diffusion In some wetals hax bDeors chaerve! to increase
by several oxders of asgnitude npon aeliting.td

Ty, Carert, & m.. snd iy Lo salves xz,
¥uovo Clmense 11, 399 11958

Inhonogensous ﬁrmm provides snother msshanism
which wus: be considersd. Sach nucleus predesses sn &
rete determined by thw mmgnitude of the totsl static Mald
in vhe I-gireesimm, B, ¥ B, + B, at each nuclear sive.
e lare nuclel ar nuglear xites, which v Jifferens
vk loee of d,e WILL precess ov dirferent raten. In chess
sxpexrieenie the varission of Byr the sxteraal fleld, owr
siw aovive reglon of the saaple 1s negligible oowpared wish
she neturel lioe width. Therefors In Iais cease any
sppreciable variwtion ix 8, 1 dve 5o 3. (the lowal field
pradueed by fectors such A8 puslear nelghboms, paremsgnetic
jonm, and mosions snd spine of slectroms).

In 1553, Ioat®? weapured Yy amd T, of the pravon

g3:. Gs Foay, thesis, The wé State Untversivy
(1999).
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in mizvares of water wnd silieon dioxids s & fumstion of
parsicle sise {range of particle Alsmeters--5J vo 720
misvons). e fount that T, decredses a the particle sise
dedreases, but that Iy remsins sonssant over & largs renge
of particls sizes. SOSG sugpedted that Decause waser and
silfomn dimide have ifTevent mignenic suscepsibliitisc,
Inhunogened sies Ain the ssatle couponent of megnetic fMeld
8y would exisy mesr the interfsos of the parvicle and vater.
ThasePore the pretons neer the surface of She partiele
¥ould fave & spine-spin selsxation tlae T, whleh 1x shorter
than uhe spin-spin melaxstion tise T,p 0f the protoos in
bulk waser, ience 1/T, may De aonsidered o be dus to the
sedghted suls o w0 yelaxasion raxioss L/Taa due to
prosons Ln the Wulk and l,/"x‘% dus 5o the protons neer She
surfuce of the particle. Uhus the relsxscion clae T, will
depend oo 2i0fusion procesies nerr bhe surfeos. oy
exauela, 17 the Gloe requivsd for n proton %0 AL0Cuse from
bulk iquid to the surfaee is swell oompared wish "o, *han
shexw 18 & greater probablilizy shat 4t will relsx sseonding
Lo ?&u A Lv anays near the surfaoce for & long i
compared T I, This would be sn explamanion of vhy T,
for oiw mxiare decraases ax the dissanee from any point
in the dalk 1dquid o & morface Ix reduvosd and Shw surfece
o valume »atio Ax Ineresssd; thiw is the cane when the
partisle sise is reduced.
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In omder to study the Anfluence which surfsse
sffecty aay have on tha spomslous brostening of the sodiua
1line; 2‘3 and T, of The protan vas asamuwd in the sadfua
Alspersion snd in & samplie of she Julk o511 which bed been
decanted Traw the sodiuvm dlepsredon. The Mesulys are
glven in Mg. 7 snd U, respecsively. o& roOom LesPRresure,
:'2 o™ rhe protey In bulk il 18 3 siees longer thun :’;"E: oft
e proun In che dlxpersion. This resaelz is sladlur %0
the resuls reported by iost for che mdxtare of water and
silieon dimide perticles. 2180 iu e noted thes 1y 18
aluost wize sr lung in the dispersion a8 1t 14 in the
Pulk 01l msuples The relative susteptibilivies of sodium
and petyolisus (Inforwesion on alkylese, the 511 in whieh
tae sxdiium is dfapersed, i not swailable}l mve
raspecrively + .51 and ~ 2.43, e inhomopeneisies in
che asgnetis feld sear the sodium-oil inserface will
axlist. Un the Dosix of loatts model, whwre would de svo
relaxacion werme ‘1'% Tap Por the proson.  olstlarly,
the possibilisy exiace shav she spine-dpin relaxation time
of xodiwz will consisy of two teras: ;';'% Tor nuelel rwar
the surface and T, for nuelei in vhe intexior of the
sodiug particle. How oan thw axissenss of two JifTerens
relaxstion Clues To. and Jo. acomnt for the 1line
dprosdening upon aelsing? Although sodius 1is x #0114 in
the tewpersture rangs from 3307 k. o its welting potnt
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we 378° v., theve &5 evidence that narrowing of she
resonanne nm% dve to sell-dfffuaton of che sodium atoms
peging a3 1577 K. Sven though self-Aiffusion is well
entablishwd below the meliing polnt, the ciss necessary lox
he syerapge sodius atow %o pass Irom hulk sodium o She
sodlus-ail Interfece 18 syidently long cowpared with Tom
and Ty . I sodiumk behaves as 2oae SLher amtkls, 1% the
sell-irPusion soefficien: of acdiva may Increass by
several orderz of smgnitude when ir svlse. In this way
the perohehllicy “hes s gliven nucleus would sprroseh She
surfaces oF She sodiux particle ant relax scoopding to T
would be presnly snhanced upon meltings his prooess
gyl saen ecoouny Tor she snommlous 1l Troedasnding of
godime.  Inforaation on the ¢oeffioisnt of self-diffunion
1 She $21%4 18 avedlableiP«?l however no dass on seif-

“I§, H. Hechuried, £, Gutalenc, and J. 4. Weil,
de Uhelie «hyR. g}; 1185 (1 32)0

aiffusion in Idquid sodiun are svalladble. This informmtion

wauld be desireble in ordexr to cheok the aboww informssion.
108t°” nas suggesved that Tay A0 T,y AXe

dairferent because the differenss in susceptidbilivies of o8l

and sodius ereste inhomogeneities ix the mapwiie flels

nesr the surfece of che sotivs parsicles. If this were

the came, Thenm e vould expest the mpndtude of e

inhcaogenelicisg 0 increase as Ba., he extarnal magwtio
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fia)d, in Inoreased. his should be re®leated in &
decresse in . and ultimavely 7, as B 1s inereessd. This
decrease Lo I, is not observed. Jn inspestion of Jig. 1 and
< revesls that the line widsh In liguid sofium 48 the sawm
Tor the two resonsncs Trequencies, 3.3 sefs and 11.0 so/w.
Svidently no notigeable ALfference in Ns. and oy srises
from the 410fexence In wagoeblc suscepsidilivies of ofl
% SOt iU

Jmother inspectiog of Mg « oand T shows shas 3‘.‘1 ot
the troton 18 longer In the aodim: dixpersion than $% 1s in
the dulk smayic of the oll and %, is auch shorser in she
digperaion chan it I8 in the oll. his behavioe of i‘l i
1y Buggests that the protoms, being in wONt Uases nemx tha
rurface of The sodius particoles,. sy be lmmobilized s 4
they vere in & s0lid; heance the lmmp vaiuoe of Ty emt the
£20Pt Jpe e relaxetion time T, would nou be expected o
Le sxtressly long &% fn 2 trow 30114 gince no atterpt was
Heds SO recowe parcmagnetic Lapurities such xy sxypen Iyow
the sotls dispersion. In 2 1ike momer the sodivs nuclel
nesr she inslde surface of the sodiva pervicle aay Delswe
ag & 0L afoer mlting and sherwfore haw o 1'% BROYLEr
Thas Tune  Then sodium nueled aLffusing o the surfsce
would e Exposed to & un&*ﬁw lattlions lwnss they would
sxperience s IRhomogenacus magmetic £ield aod Aephasing
of the nuclel woulld oceur Jumt as previously suggested. I
vhe diffusion yrocess addenly ingreases wpon mlting, she
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probobilicy of & given nucleus rescxing the surface is
speeded up and the dephasing proocess 1s snhanosd thus
causing o hroadening of she resonense line upop asiving.
Ir the Inhouwopeneities near the surface sre priasrily saused
by nuolel near the surfece being bound together as &
solld, one would not expeet she offest 4o b depsvdent upon
che externsl wagnetie f4eld. This iz in agresmnt With
experiomit sinoe the liae widih in the 1iquld ssats A8 not
f3eld dependeat, st isasts Por the Iwo resonancs frequencies
investligaved,

in order to gein Murther insight Intd the line
brosdening whish osours when sodius selts, t.a lsonopes of
rublaium, X650 andt %7, in metallic rubldium were
Investipnted. t:iuamlkyﬁ*aa hss reported dota m vhe line
wideh of &m‘m below and abave 1xs welting point. e
reported shan she 1ine widsh of BT shoved & suiden
dusrease upon aeluing. Just below the smlitting point he
fourxd the 1ine widch o b off the oxder aoff 2,0 gauss and
Jumy above sha mslting padny %o be aboun 3.5 gouss. The
resulss of the present measuremsnts with RbC7 are shown in
#4gs Se A Gan bDe seen, tbe Bpavistical wariatiom in the
duta is lurge {ovder of + 0.1 gauss) 80 & samll chongs in
line width uposs mslting ean not be dessened. Gutownky no
doudt was abls O use a larger mample wish hin eguijment
sty saidave & Betder mignal-to-nolme raslo thar shat
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owssingd in shis experiosnt. ‘fowever it uiss b mosed shat
the line widih as meporved hwyw is m thw sverage A0
53 L% greater than that dwporced by lutowsky. There 1s a
plight differance 1n the seshod of diwparsing the
yubidduws. Gusowsky vesd wdneral o4l widls payeffin was
used o the dlaspersing agent in thiz experiamsnt. Howver
1y peons unlilely thet the Aispersing sgmis oould soemm:
for che lurge discrepensy An iimwe widnhs.

Te Hne widwr of 507 av 3.3 /5 a8 & fumetion
of texperesure 1s dlaplayed in Mp. 7« Dase data look
almont ddenticsl in shapsever to thoss reported by
Ousousky" 2 5% poy 15T, There 18 alno some scantaviesl
varission in she datse in Mg. I3 howewmy chere are snough
wanss 4o Lfadicate That the line width undergoesr & sudden
anevoase of sbout J.1 gauss just below the wmelting poin:
and then remeins commvant in she 1iquid up to M2 C. This
decreamn i line widzh upon melting 1% sontrary the Sehsvior
sxnibiced by sodium. Theyefore Lhis csse must bDe exandmed
5 ses L7 1t lnvalidates thw proposed oxplamation of whe
shesxved l1ine broadsning in molten sodiuva. Z1so this
deoresse in 1ine widsh of Rb°5 when it melvs comsredists
the conplusiom of Helsowd and er,é based on shelr
spin-esho weasoremeass, that the 1ine widsh byoedens an
in the came of sodius.
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‘The melative suseeptibilisies of sewrel subsvanses

sve given {dnce on sinerul 15 unaveilabls, henee pesrolewum
is givenjs:

TABLR 2
COMIARIBON OF RELATIVE SUSCEXTIBILITIES

Faraffin P X5
Fasroleuns » 383
Rudidiun + D
Sodtwn + B

Therefore Lf che dilferenste in susaeptibilicies of the
metal and vhe agent in whish it Ax dispersed ix
conyriduting o & Jifference between Ty, amd ‘r%, whan ooe
yould sxpecy the differencs =0 be 1ask In Lhe rubldiun-
peraffin syspen than In the sodive-ndreral oll systen.
he reason i that the differente in susoeptidllisies
between ribidlom and perefCin 45 leas than the d{fTerences
in relazive susesptibilisies Detwaen sodink snd minsrel
o8l

e rubidive line widshs sy dolerved o be 27 2o
30 viwed greater than the line widshs of sodfus, This
suggeats & d1fferent and strmger mMelaxasion prososs than
that cbserved in sodium. T hyperfios splitiing in the
fres atow for Me*3 1 169 Me/s. The Nyperfine splitsiugs
in the fres atom for Kb'D smt M7 are 32 Me/n aaa
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E1E Ne/n yespeetively. Thmrefore one Would sxpees &
stronger electron-nuslesr insereasion Lin the cape of
rebidfie since 1t has a larger Nyperfine splisving whan
sodiun, sn inspeeuion of the T, and I daua on rubddius,
whteh Norberg amnd ao:um" sbtalned by spin-echo veslmique,
reveals thet %, ¥ T, for f0°7 above che welving potat. No
appresiabls chanse in ‘?1 was osbheerved upon passing throngh
the selting point. They were umable 4o shussin any reliadle
Ty date in uhe solid. On the Dasis 2f the iInTommuion
which 1% swvellabla; i aypesrs Zhat the spin~lagsice
relaxation mechaniss Ly extreaely strong in mﬁ'f amd i
she doulaant meehaniss in detersining shw Iime wilth of
8T,

Horbery and m:xemf* 2180 pmawured ’1‘1 and T, in
r{bﬂﬁ, a again They were ampered by & pour signal~to-
noise retic and other Instrusentel problane sassociaved
with asswmring short relaxssion Tiaes. ey cheerw ’1'1
o inoresse with inoreasing vempersture Iin the solid and
to puddenly increamse from 1.5 seec. to 2.C meed. A% the
mlsing point. Ko measuresanzs of Iy in the solld were
wdes but rhey 414 messure r:«:“ the liquid and found it
%0 be plightly lese than 1‘1 near che mlting point. Tw
1l width date in Mg. 9 onn be conversed to the relaxation
thm T, (5B) and conpared with Holsoud's Ty end T, aste.

A lorenztisn 1ine shape has Doen assuned for Whis

sonversion. e meliting poiat is 35.5° .
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CONF ARZSOR GF LINS VIDTHS, T,, AND T, OF BN

Toup 7, {Zolecosb) T, {(Eoloowd) .{ B)
1 ames ® unne foee
0 12 - 1ol
oH 1.4 - 1.
“ ﬁgb 2-;3 1&9

In Ughu of the tvo different methods used to ssesure 7,
end the poor signal-tio-nolse Patio, the sgresmnt between
the swo independent msamawaents of o &5 47 ¢, gs
remaricable. G sowpsrison besween I, and o, (§B) st 337
s 35.5% . muggescs that the line widsh in the solid is
baing detersined by spin~lastics relaxanion processes. Une
can ses zhat 7, 18 definively leas shan 7y in the liquid st
307 2., s facy wndoh Indieates & rather axrong spin-spin
relaxacion meehanims in vhe 1iquid. Howewsr the dominanion
of i‘z in che #0lid Dy spin~lasties zelaxation processes amdt
the disconsinudsy in T, at the miviag poias ke i
aifficuls to compare the behavior of rubidium wish the
snomions bebavior of sodiux.

One wore faetor emeerning the line wideh dasa of
sodius is worthy of diseussion. In Figs. 1 and 2 4% csnt e
aeen that the line widsh exibits o Fleld dependenss $n
the S0lid. A% 11.0 He/S, she line width has s consvent
value of 2,042 suuss from 397 ¢, 20 the melving podng. At
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3.3 xc/», soe 1ine vidsh is 0,031 geuss st 30° ¢, am
gredimlly inoresses to 2,09 geuss 2t the smelsing paint.
Spdn~lavzios relaxetion Procedsen cannot e AR LMpOroant
fastor in decersining vhe lime widsh st 11.0 A0/s in she
Solid because in thlE MemE SEMpEYeSWNe Tenge Iy ves
sheerveld to dscrease from 15 ames. at 307 C. go 3.0 mees.
4% the wlising padnt. 1If spin-lattices elaxstiom processes
were infloencing the 1ine width, this wsnperature
depsndencs wvould be weflssted In the line width data.
Spin-lattios procenses 4o adesunt Tor She Lesperetire
dependeneq 5 the line width in the »0l3d a% 3.3 W/,
A% 3.3 Ho/w, 7, 18 observed to decrease from 18 xeec,. &t
307 Go £o 7.5 meet. st the welring point. & 1ine widsh of
3036 gauss a5 rthe melting point corvesponds %o a
Ty * T amec. Mwrefiowre the gredusl inomase of 1ine
width with tesperavure at 3.3 4/ 1z due %o the insreasing
rols which spin~lattioe relaxation prosesses play in
deteruining 7, &b e vemparatiie inereases. However atv
the Iower teugerstuies vhere spin-latsies relaxssion
presesses are not fuportant in desermiming I; au either
restnance Traguensy, the flsld deperdence of thw 1ine
wiith 18 aleer and Lte Sxuse seeds an explanation.

In » pwevicus part of shis discunsion 1% was suavad
that any eleciris jusdrupeles interersion whish 1s present
in softfun gould not asdount for the ancomliows bLroadendng
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of the sodfws upon xelsing. If she dquadrupole incersasion
were surong enough no assount Tor ths snowslous brosdening,
its effecy would be reflegted in the dehavior of 2y upm
welting. Ho anouslous belmyior in ’i‘l Ay che selving point
wan observed. However tha posmibilicy %hat shere 1s
wouk Jumirupols (nterection &n she 3013d that may eocount
for yhe Fisld depsndenss of the Iline wld:th should be
Investigased. e Tirss onder epergy eorredstion to the
nuelecr Zeenant levels due o an slecvric quadrupole
inzewsctiom Lo & single aryesal is

i = m"f!! - {3a* -~ 1(I + x}l[gnu“d ~§}(¥i?)

whmie 20 xxially symesnric slastric Tield has Deen assused,
= 18 the electric quedrupale woment of the mucleus, V.o 18
the Ze-componen: 9 the gradisnt of the elscsrie Mald at
the sive of the nucleus, o< is she angle between 3, and Vo,
NG i 48 She aegRetlc quARtUR musber. Jor modiua I = § ,
sharefore 1 there 1s an effs¢sive non-sera Vn, he
absorpsion speotrun of & aingle ovywtsl of sodiux will de
spliy Into thres speetral 1inms with the following
resance Crequencies wvhen ol * )

Vg = ¥By+ ."'ﬁ“‘w (ag)

yJ . ¢ L {29)

Ve * h’a N % (30)
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In chase experiwents, & polyorysteliline speelimmn of
sedium wan used. In chis case zhe continuous distridusion
of divestions guuses the fraquencisn J, and V. %o have
continuous dissrdbution over a range from V, « f%l ro

Yy + -H%fﬂ- « “arsfore in s polysrystallioe sauple the
alsetric quadrupols invewsccion mey csuse z bProsdening of
the resonancs line instead of splisting the line as ia
possible with single erystals.

Sodime has & body-cencered oculilc wdryetalline
supuctore ) Sherefore sedh nucleus in & perfect podiuw
eryutal 1 8% ¢ sive oF puble aymetry andt Vo, vould b
zearc. dAomever In reality vacancies and lopuaritles sy
exist in *he leutice oF asdium. e vacanclies and
impurdicies may dreuds nlscurio Meld pradienss ot latoice
sives o Jugens S0 shag. In shis way 2 none-rern vslue of
Vu ooull be prodused st certaln sives in the sodfwm
lcctiowy thur sn slsetrice Qquadrupoles Innersction souis
take place et shese aives. 7The elsesric "leld predfencs in
BOlids wary with tempsravure. 11so She msber of vecensies
is & funcsion of tempereture. Therefore the Guadrupele
inseracsion should b tsupsresurs dspenient. "w external
angmiie Pleld doas not appesar in the gusdrapols nergy
terai Sherefors the quadmtpols Inverastion will be
independens of thw magnituds of no‘ ™he somclusion is
that the slsairic quadrupele invereation does not
contribuse %o Yhe ilme widsh of solid sodium slwe “hw
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line widzh s obssrved to be lndependent of tlg tespewature
i dependent on the extermal mpwiic Tisld.

i effeans of skin depth will he sonsfdered.
Chapman®® gt gl. have wade s theorestonl snalynis of the

ke Ge ChapuRn, ke %, and E. ¥ Seymour
NIl iy P el v !

problew snd werdifisd their theory with experiment. Mwy
found chwt L the partiocls sixe is larper than the skin
deprh, the line shape nsy be distorsced and the line
rosivion snilted due L & aixing of the sbsorptive and
gisperaiee axies. Mis elfect 18 & Sunosiom of parsicles
sise, akin Jdepsh, and gecmmurical shepe. The sphere is
less sansizive 0 vlw alffecte of skin depth than the flad
vlate or oylinter, whiesn were the othay shapes ¢onsideyed .
fhe conelusliom of chelr syody Is that a8 lng ss the
relevens purticle dimenaion {in the present cese, the redius
of the sodium spheres) 1s suell cospured tu the akin
depsh, no effect on 1line shape or positisn i chservedle.
Soltium bax & skin depth of &5 wmlorons &t 3.3 ¥e/s and
35 mioronk a5 11.) s/ The partioles in the aodium
dispersion e spheritsl in shmpe ant have sn avevge
redius of 3.5 microns. Therefore 1v is concluded thet
skin depta is not dspertant in the abow soneideretions.
Another fessor involving skin depth wust be
sasidered. Asrlier, it has deen proposed that im sthe
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moluen BLate there exists the possibilisy that sodiva mwied
near she surface of the particls relax adoording %o & ters
L2 3 snd phose avay frow the saxlese, sceonding to '1‘“. ie
the sxistance of these tWo Serus in sthe #olid 1s sdnduted,
1t Le possidle vhaz atvenussion of the »? wapeesis Tleld
due %o skin depth effwcys nakes ‘B“% Bore laporsant &y
11.) &/ than &t 3.3 d0/s. I & spherical partiols of
redivg ¥, is considered, 1v is found thet O05 of the nuelel
venide in the Juber shell betwesn r T r. /2 and r % r . If
o plane wave L assuaed, Shen Lo a4 first spproximetion 8
1% redwosl by 3 ar a penesration depth of r /2 av
1.7 s¢/a and by L. ar & penetrszion depth of 2*0/8 a
303 /8, Thevefore 41U iz very unilkely that skin effeess
£ould soeount for the ALMTerence In line widsh observed in
e S0l1d &5 .3 /8 anmd 11,0 Ho/E 0 the sbove way,

i acdluz pousesscs an snlsotropic Indght atify,
then als 2ould asgount fer thw depsndence of line widsh
on B« If this brosdening mechanisa is present, then the
Absorviion line should be &mxr&a.m fpsoypiion lines

1

&% both 3.3 do/s wt 11,0 /e 8t 37 et e 180 C. ere

exanmimwd for esynmetrit chavesseristios. The pesk Aupli~
swie of the abEorprion eurve was SADer as She genter of

the 1inei %hen the areas under the surwe on bosh sfides of
this center were soupsred. At 1l.7 /% & slignt axymssvry
of she opder of 4. was noted in the abmorption lines at
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both 33" and 135° G. At 3.3 Me/s, vhere the sigmal-so-
noilde yatic 18 poorer, & larger asymmtyy OO SME Onder of
J0% was notedt. I an snisonroplo XKnight shifs s caunaing
this asymmiry, the Asymmssry should be giester tim higher
the exyernal By, This Is conurery 5o what was observed.
Alme at bovth frequancies, the srea under that half of the
curve toward the Nigher B, was grester than the ares upder
the curve towaxd the lower B . Just the reverss would be
v ceme LT an sntsovrrople Knight shif's vere causing thw
brosdening,. This essentislly eliminates an anisotropic
Inight ahdPy o che mchanisn causing the flsld ~dependent
broatening .

The uusisar sping ey e invereeting vis the
contuttion elsctrms,. The slsetron spn polardsation is
field Copendent; the polarixasion incresses with
incressing sppiied fleld. Howewer iz is indepsndens of
respaYRture sines the ¢ondustion slscirons tebhave oS o
dugensrate ‘erml gaR STeR 3t YOO ANDEYRUUYE. Thw
hrosdening which 1s cbesrved Ix bosh Teld dependent and
teaperature Indepamdent, bur she details of such a
aechanifi are notr wnderssocd.

Bloesbargen and wam,&g howe stwiled a sywten

| 23y, Blossbergen and f. J. Fowland, Iys. Dev. §1,
w7e {1955 ).

in whish thay sllegs thet the line widsh is desersimd
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primerily by on exehange intereosion st pasudo-iipoler
Intersosion botwesn the nuelsay spins. 22wy baw asasured
the line widtihs of the absorprion specira of ?1233 and
1M3% n metalltc thelliva. Secause Bodius and thallium
aiffar in stonic uens, nusber of nsturelly seourring
Leonopek possensing megnetlc wasosnte, and eryesalline
sHrue ey g would not expest & divect correlstion
batwesn thel abmoarption spadire. However thars arw
aertein sisileritiex; so Blosmbergen's results arg belefly
reviswed hexe.

ey Mound vhe 1ioe width of both isotopes o be
Indepsndent oF meuperssure frow 770 so 3927 K. This rules
out spin~latsics relaxasion as x brosdening ssohaniss.

M ldne width of M*% 18 33 xo/s; whereas thw lime wiAsh
dus o pume dipols Drosdening would e S ke/s. e line
widzh ot '912 * s independent of the ressnenge frequency
feom 5 #A6/8 so 15 ma/s. Howewsr the line width of n#%3
#u sheerved to insxeass Trom 1T ko/s 8% & Me/s %0 33 kn/s
16 de/s. The preceding date are for s sample sontsining x
naturel abundanse of Laouopes. in investigation of
snrdioiwd samples showed the 1ine width o be & Nussion of
isotopde abundance .

Diosabesrgen inserpretad %he TeSOlLe in terss of an
sxchange interaction betveen & pair »F nusisar spins whieh
gneeedns the normml dipols fnversesion in the ¢anss where
more Shap one 1sotope was pressnt in en appaeelsbls amouns.
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for vhe case whers the abundanee I one LROBOPe WA OVer
P, she lins wiish wes stsill seversl times bDroader than
wauld be sxpected 1 the direes dipole-dipols Intermatiom
were Lhe mOle hrosdening agent. In thia cane ey sppesled
to an spdsonxopie Ynighs shift and she pssudo~dipolar
inzeraction &g the brosdening wschanimas. Sw Tield
Aspandence of the line width in 1"1233
axpleined. e sxchenge snd psetdo-dipole intsrections

YAk not sdeguateyly

are non Mald dependent snd there ik no evidence of an
anisotropic Inight shift in sodiwk. hexefore thein
resulse Ao nok help to explain the {leld Japendence of the
1ine width in wolld eodiva.

Blospbergen and Fowland were surprised chat they
wars unnble o defect o resonence in wessllic thallium
sbove 157° C. e uelsing point of tnallium i 3%% C.
Thay consluded they the lioe vas quite brond in sbhe 1iguid.,
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e ebsorpuion spectrum of Neol in metellie modius
vak observed a3 & funosion of temperavurs in the renge 32°
to 123% ¢. by meens of & high rewolution NMR spsctromter.
e obeerved melting point vas 95° . e speetrus vas
investipated 2% two resonance frequancles: 3.3 se/s amd
11.3 /8. The relexetion tioes Iy am T, of Haoo were
meswared by the spin-echo technigue under the saze
conditiong.

A% both resonance Trequencies she sbporption
spactrun of m% conaipret of & singles resonance 1ime with
no cbbervable fine structure. The widsh o* the 1ime was
observed to increnge uponm Wmeliing. ihe line width of
Iiguid sodium was observed to be imispendent of thw
reganance Freguency for tiw two Trequencles investipated;
the line widsth of solid sodiws was found to be bLroeder at
the higher resonande frejuency. . decrease in 7, uron
aslting vas obeerved; however no discontinuisy in 1‘1 &t the
mleing point was ocbserved. Mw Zrequency dspendencs of ’rz
in #0114 sodium was hardly observable, In this case
computing 1‘2 Frou 1ine width date obtained from a high

&7



regolution speetrometey proved o be xore preciss than
mosuring O, dirvectly by pulse tesmigues.

Beveral explanutions of the anomslous brosdening of
tihw sodiviz resmmance line uzon melting vere explored;
aowever no copplataly satisfactory explanacion vas found.
e nown aechanisms vhich may scgount for the frequemwy
dependence of the line wideh in 80l1d sodium were
considered. No explanetion vas found., The frequenuy
dependence vay be due Lo an indirect interestion of the
nuclel via she conduation elsetraas; however the detalls
of' how thds auy take place are not understood.

The coexistence of the solid and lqguld resonsnce
lines of sodium &t the melving point was observed at both
3.3 sc/e and 1140 de/E.  Au 3.3 Ho/s the meparetion
besvesn the censers of tha liquid andt solid Iines is
Y2 gauens in an exsernal Cleld of E025 gauss. he
saperacion of zha two lines s 11,2 d0/% is obserwed to
be 3.257 ppuss In an ¢xvernsl fleld of 752 gauss. At
both freQuencies the 1iquid line appeared at the lower
externel nagnetic fleld.

“he sbeorption spectre of two isotopes of
rubtatum, b7 and 3657, in setallie rubldius vere
investipgated ower the teapereture rangs 32° o M° ¢,
Hublaium wes observed to melt at 39.5° C. No chamge in
line vidth upon welting was obaerved in vhe eass of MeCl;
howsver the signal-to-noise ratlo was poor, so & mmll
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change s0uld have been obscured. The R0 line was
obsarved Lo becoms narrover upon meluing. Howewer she line
width 1= determined mainly by spin-lagtice relaxation
pracesses for both fsatopes. erefore any smomslous
behavior in tiw resonknce line is lormly obassured by the
overwhelaing inflnenee of \2*1 prosesses. Thus no
conclusione relevent to the anomslioun behavior of modiom
can be mode froa the rubidium line width dane.

“he liguid and Bolid resonance llmen of %&3 were
obeerved while they coexisted a% the melting point. The
conters of the llnes were observed to be sepsrated Ly
2.9 gauss in an external fleld of 7975 peuse, ™e liguid
ne sypecred 2t the lower fleld for the gonsvant
rreuenay 3.3 oe/s.
| Seversl experinents are sugpested whish mmy
provids addicional informesion sbous the behavior of she
line width in solid and ldquid sodiuvm. Jost's work should
be extanded 2o At leanz another resonance frequency in an
astenpt Lo determine 1Y 1‘35 and *aw are caused hy x
difference in the mgnetic susceptidbilivien of water and
silicon dioxli?r. & deterndnasion of the coeffieient of
self-ciffusion o sodium In she liquid astare would be
desireblx %o ald in sxplaining the anomslous drosdening of
she widnh of godfum when 4t melss. Hyparimenss with
sodium should e condueved at Seversl other rescnante
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frequencies %0 atudy further the frequemey dependenss of
the line wideh in solid sodina.

ABBOYPLLon SPRUEYR, L‘l and Ty in other metals
should bte investigsoed systematiosally in order to try 4o
*ind an explanation for the bahavior of the 1line widsth in
Aoliuws. . aeasurement of she line vidth of 147 4n
wetallic lichium would be & good maderial %o degin wish.
Holoowb and Norbers” have alresdy measured T, amd 7, in
1’
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