


PROTON ImsoN!w.~C2 $TUrltY OX<" lliil \i£\'ffll{ 


OF H'ltD!tP.:'i'ION lN f~i\"t"ROt..ITE 


Sy 


G!!O!UlB rAUL. C\t•'T• a.~e. 


A lltti~SiS 

S'Ubiaitted to -thCi Faculty ot Gradua:t~ S'tudi~a 

io P•~orti&l :t<ulfil~ent ot tba !~equir~r4ents 

for the Peol'ee 

t>tas.~ ,; of" Science 

lPlet4.aste:r L"llivet'$ity 

.l .llWU')!' 1963. 



~·'lASTER 01~ $ClnNCE ( l ·9e3) -tcMAS'l'M UNlVER~'lTY 
{1"31'$ies ) Hacil.ton, Ontario,. 

Tll'LS: 	 ?roton Resonance Studv ot tbn tater of Hydro.tion 
in Natltolite. 

A01.UOR:. Gatlt.'f)e Paul Can", Bl> Sc • ( Me~"bstf.lr UUiverfiity) 

OOPERVl:SOf~ : Pro.fe . ox- U.. tt. P rteb 

'lb. nuclonr magne'tio s:esonanca tip ·· ct.rum o.£ the 

p .l'OtQJlS in t.hu we 'tel: of bydrat.ion. :in ito single CX:YGta.l 

.o:f natrolit·e bas been inve tig· te<.i t.Wd un lysed aecordinSJ 

t.o P~ •s theory in oxdur to locu.t' tbe pro<tons. in tb . 

$'tt'UCtU%'G. 

Tb line shape of tho pi!.'oton reslonanoe 1n 

nntrolit.e powdet: was stUdied ovgr a \\iid.e range oli 

t~pe.rature. Tbe· ob!Hlll:Vt.ll(l cba.ng ·s tn tlt:o lilie shapo 

pa..rti l•V r vealed tbc dynamics ot tbe water o£ hy~..ration. 
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l W<>.uld l U.w to t.bank. Profe sox· E:l .. ~.. Pctcb £01: 
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QUidane , bicb he or£ ·Jtt.~ ,. during tb'- eour e o£ th 

~eri11ont:4; l ·o~~., nd £or bi conetan't i nt l:'Qst. in i'ts 

progress . l a m also gx&t tul t .o ..1 .. o. Ct.l.tbb rt tot: tb,e 

<::cuntlesn v · luablo discu.s.si.cm.s .~itll hinl c::oneernino both 
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Nuclear ~gnetic reaonallcc at o.rdia:mry radio f ro..-. 

qu.encies was first introduced by itabi , t~illman, Kuseb 1 

and Zacbax:i;:uri in conjunction with 'their atomic bear.J 

ma:pcrit'ien'ts.. Purcell,. Torrey, and ?ound (1946) and 

Bloch, UutU1!en, .M\d Packard (1946) independ~ntlv Obtained 

tbe first. magnetic xesona~J,C;.c in bulk. r;o tte:x.. Since then, 

Wlny appliea.tions bave b.e~n d<~v l -oped. Nuclear p:ropert.i 

sucb as tbe gyl!'cnuagnetie ratio and nuclear spins an.d 

dipole .moroents can be measured i tb v·e,ry high acc:u:r <lCll 

md.ng to .modern methods o£ easu1r!ng radio f:requon.eitl • 

c;JnQtie fi(i}ld stren9·tb.a can be m~asured wi'tll an accuracy 

never bo.:fol:'e available and eu be very preeis.ely controlled., 

F<>llowing i~e•a ap)tlica:tion (P:ake 1943) o:f proton. rnagnetic 

re onaucu to det~mi»:a the location o£ the hydrogen ~ to~& 

in tb.e structu.r ot gypsum tber lfapidly bloa o:med a wide 

ti,ld wherQ maUfteti.o resonance as. davnlope.d a!\ a probe 

'to etu.dy molecu.lar ~be.mitrtry and the stx-u.etures.• i .n'tar• 

action • and F~Jotions to be found .in olids. A number o£ 

excoll mt pi«M:ss o:t th ..c~y ar now av~ailable whiCh n.llow 

us to determine £rom •onw ot 'tb ·..• :te8o.nanee p 't;terl\s ob

Gtutvcd e~rta.in .e<m:f'igu,.rati.on$ o€ at®$ eucb ae pairs, 

'triM:gltts ,. and tetX't\hedral ar.ranvt!men.ta And in.t"~:>r .. tion 

reg.o..r:-ding the dynamic a of tb.e a.'toms . However • only 

start bas befJn mad * Atibigllities a:r · till ODC.ountered 

itl tba interpretation o:f tlle apect:ra from. many substances 

1 . 
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2. 

· Ud of'ten tbe b®av.ioux o£ '11""* spcctt:~ as 'the eond:iti:ons 

o:t the spec;U.a(i:n axe al tq:r:ed simp.ly d~tv axplanatiQn at. th ~ s 

ti.nte. P'ort.wrmlqly, th · 'thetilrlf oonc\lxning th* int~raetio 

o~ •o protons, as use<:l in t his ltt(lJdc, i .s basic in tb~ fiulcl 

oil p:r<>"tot• r~.gnlie'tic 1tesonn.nce nnd bas b .~ proven. to be 

QUite> $OWtd, cspf.iel lly in tbe :many atutl.i-;aa o:t byd.ti::..t(it(i 

C$'YDtA1 · wbicb bave raade u&o o:f l~>~J.ke' $ theory. 

http:l~>~J.ke


#ih.is dlapt.e~ stullraari.~e.a th~ pb~no~~non of mlgnGtic 

re.•onilttce and 80ltte of tllC~t tb.w:t•tical ·caloula:ti.o~s con... 

ce:rning tbe radio-t.requen.cy aba.oX'ptioa. spectra o% 't.1ii'VQ 

int~ae.ttn,h like spins in. both &ing.le cryst~ls and 

J)Ol~de:tted aolid• .. 

r&•tl an c.tQli.d.c hVCleus w.Ltl\ spin I ~~ placed. in a 

~~etic :iiQld the obs,e:rv~le c~pone:rlt .o:f tlle angular 

mm:~flntUI:il is t}uanti~ed $Udl that only tbo values a~, wllft#!'e 

il'il =I, J.t ...l, • ••• .- •• , -l aJ:cr. t~\lt.ml.soSible. .t-q,ny i:s<>topQ$ 

potu•~•~ a nucl~ar ~,gn~ti.c ui.pole oot~Qt f. , wbicb ie 

col.l:inear vd.tb tbe .spin ·nH is •ilto (i~M.t:t~ed by a maGfneti~ 

l!ield, 111~ p~J:":m:is$ible va.lu.Ets of tbe obae~vabl.e ~Qm:paneut 

of 'th;(;t .M01\$'tie 1,l'jQmi!l1t a:re ~1-w f r.tit Wtle:t'lt r is the abso.lu:tQ 

nucl~ax ~yaroaagnet.ie r•tit.'}-. the ~nergy of an i.$Olat.ed 

~GUetic dipole f in a tl:lagnetic :field. 6
~ 

0 • (0., O, B~} i.e 

-p. ·Bo = - fL ~ Bo consecaUUI\lt ly, ~)plioa.:tion of a magnetic field 

to a llUCl~u• giv~• ~iae to ~:t+·l Zeeman enel'gy liiW.tJl& ot 

llllE~rg:i.·~& "" { mUBot Ui:t'o:rml.y #j)AC•d by $.ch: lW~Unt ... f btl0 • 

Siooe tbe Q.Q:teetion :rule IJ. f.fl • ;!l appl.i~s., i'lll l>OS$ible 

t~ana.i:tlonfi havo tho etleroy "" j fill0 aJ~d. it,roquencll' Va • 

). 
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4. 

ln " bulk tJm ple tr nsit:iono bo"twean 'tbe Z~eztian 

l.ov~ls alto obaer,ved by applying to the nuel1o.i an IJ)lc-ctro.. 

tions and by detecting tb . :n0t: ~btiOJtptior. of ooo;ruy ··· rorrl 

tb.e source of e~cita<tio11. Since the prob bility £or both 

upwud and downward 'transitions. i ·. tbc saae, thfa~re . ust beJ 

~). great•l~r populat:t.t.>a ot nuclei ln tbe lowf...t' <..l>fteruv 1QVC3Jla 

in oruot' that a net · bsorpt!i&n o1' energy OCCUl'. JJpon 

initial application of tb (!IX<:;itatlon, tl1 . Solt:zmaun 

popula.t .ioo diat.Jr~bt.rtion pl:'ovides a aligilt ·OKcesa ot nuclei 

in 11le. l ow tr Zoomw . levuJ.. 'thus c .:using net energy h . or,p.. 

tion, tl:ntl tborot.U~·,.~ an ~qunl.i~ing. o'f the popul.atiorul of 

tbe lcvol · is prcvcnt.ed by .non-sal.d.:i.ative spin•la'ttie 

r ·lru.cat:ton raecbM;iG:r.s thus acllow;;. ·. g •..· c~J.tt.nuing bu'J,% less 

proa:tou,ncrtd •so:rpti<:m of eJlQiti.JY 11 Wb:ieh evenctuall;v app~;u•a 

a be~t in "he b'u.l;, ~t1er cont inin~ 'tblil resonatino nuclei. 

l'bG p~ot·ot) b .s spin quan~ n•tlib«lr l *' i and ·tber~· 

:tore r1 • ! t• ll:ae two Zt! .matJ l vela bave a separation 

rMo ·iii 2p;;Bo WheJ:O Bo 1$ the t.U\gnetl..e !tlw dent~~ity of 

tl'le appliet1 :ti ld. The enti.J:• spectrum c~si.sts o£ one 

lin.e at a. S760 B0 Mc./s .. wae:re n
0 

, i.e 9iveu in wb. /m. 2 

tbe resun_tin; nucle·i ud 'tb.e.i,; ae:i~bbou;r, ..· c.a:ua-e a. moJte 

con1pl.ieated pat:te~n of' nuclG>M: ~e.rgy levGls.. iDve$·t19ati .on 

http:iDve$�t19ati.on
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ot wbic:it lcada to OOI'Urlid~rable knmtledgQ' o;f the natu.rG o£ 

t :he•e ia'tua,ot!i)ft$• 

,Consider a svstQa c.otl1po&l!ld of 'two proton• $'Opax:ated 

by .a ttb;l."l:r;t dis'tanoe, web a1 one .ttn<b.t itt w•ter m<>leaule.a. 

rn ad4it1t.m to 'the applied tiel4'l1 So,. each p~rot~n experiences 

the srual.l U{ltu;:tic ti~.ld o£ tb~ ~a9-nat.ie dipale rnorilQ'nt of 

'tb~ Qtlnax- proctoo... l'~e llae trea't~ tbis ~aat'ter qurultWf£;oo 

meohMic~lly by c-onnidfi'Jtitt~ t.bf# two· :Plt'UtQU$ as a sya't~.tJ 

''1~ll total cpt:n. o-£ 1 ·AM tbr•4t en~t9Jt levels onr:t::esponding 

t<t .J;i. =+1, o, and ...1. lh~ tnto:sra.ctiQ.Q: be<tw~n th~ p~otou 

ditr-Qloa pe:tt\Ut~a tb~•~ t .brcee. levels as &.bQwn i Fig• .1 .. 

Tbe s~;;J.u:ation b.e~e~n tb• l .. Yele p~Oduces t ~ sp~trn.l 

lin•• •t f ;requ•eJ.•ti 

a.,;. a 
lil'u~Jrc p;t.ia\ ="bo .J>¥Oton mo,r..1e1ilt :, 1. 41041 ~. 10"" · w amp. •m• 

r ~ t:h0 diataacn b·rtw~en th to p:l'otcm.s, in .ruG'ters 

1"o a tho mt\Qn0tic 'ill0¥'.t:teability of f~c~ space,. 

A fT 
.. 

"" l.A.,.7 
...... .' v 

·~~...} . ,...,·.-...-,.'l ,2 
·~--- ..*~ ··· ~1!.J·~· .. 

l~ • .P!am;lt1 a ~onstant,. 6. 6;1511 )( to•M joul~...soc. 

BQ • th~ applied ~i.eld• in wb./s::l. a 
& 'tll angl · lx:t'twt.,<m. the externally applied ma.gn.etic 

f.1a.ld: nnd: the line j ·oining, the p~otmas .. 

http:sya't~.tJ
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. d 

the 'thl"CQ :Z(J'e~ tmerfjy levels Of A t:>NO prot® $,Y&tera., 

tln th~ le.ft i$ cSb~ tho l·ifVG:l $C.:l:te~e wb~~ OtllY th~ il'»'he.r ... 

~ltJ;.t:ion witll the ~p~lied tiold i3 t'JQ~'-'·~id~.roo . .r\., til'* 

ritJat if.~ sh~ ~b~ t::>ert.u~bing ~l!uct rt£ ~~bo: t'Viltgn~'ti~ 

di!?Ole iuterac::tion between 'the proton$. 'the w11rgi.as 

are given bea:l~G each le~el. 1b~ allowed tl'ansit!ons 

11nd the aJ>pe~·anec o:l tbe $pe£ltrum are ill;t.g illustc:a:tGt1.• 

http:w11rgi.as
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7. 

The two s:i;aals axo !ii)l1'1~£ftri¢ally l'~lac$1 ou oadl sidt) o.f tb~ 

•P~t!'tu:rb~ p~oton tx-nquenoy. Vo t imd t!leir frequency so~a;r .. 

n:tlon i'& ind!Qpsnden't ot t.b.~ appl.l.oo :ti•ld. 

S~v.e~:al .taetor• ~au.s~ each ltt:il®Bnee line to ba.ve a 

width ol St'r>Jel:al .kc./s. 'l'ho ,m~putic dipol~a .loc~:t.~d within 

a. tow i~~5tli:Ol'u. o£ a nu.eleu.s ~artie:ipat£.n9 in th.c tellGl:t~tno<;r; 

c.re.n.t~ta swtll local .tiud.$ ol tb~ ot'dJil\~ o:f lv""""wth/lii.. 2 S:U.pir:t ... 

ilr!ipo~;~ .on. tbe appli.U fi~ld. 1.lua algebrAic su.m of tlui!s~~ 

looal .fields ,'h.~~•d• on 'ttl~ ·o~:tient&tions ot the .;ueigbbouritl~ 

dipoles. 'iblJ va,st numbo:J" ol! oc.>c~$bit~a:tions o:t' tU.diimt~tions 

tb~t t'U:'~ pO$$:ible C(ll;US~a ..a., c:u;mtin:.,..ou$ ratlge o.t valV;~.a of 

tbi~ lo~t~.l. ,field. 'lbes:~t'O<:Jte· , at di.tfea:ent timQ& tmd pl.acas 

w tbo $Wlilpl~, reaonat:in9: nucla·i c.o.n be· towd in a vaxi,t~ty 

o.f Wi,n.~tic fi~l~ a"t.-agths, ~ tbe oil'fH'~rv(t!d abso~p'tion linEt 

4lpp«~.~r$ a$ a ~asian c.u:rve.. Any QthQl: sou,~ce ot val':i&.tiQh 

ol tlle field thJl'OU:$1\ thlj aatlple~ eueb •• tnh~enelty of tbe 

applie4 f'i.elrl, eauaes a :f'utbeJ: b~o~deninSlf of tb~- litu!s. 

In a t:Y)'ical inve•tLgat!m ol a, •!ngle c~v•·t•l cont~i.n

mo proton 1•t~» , tb• cr:suttal Its .~ted on a l\'Otatiqn tuf;i~ 

wblcb :itt .t!Aintainetl ,ptal'f.J~nd.iculat" tO thfl Appl,iQd.. fiGld... 'lbll' 

gaorttet:rv for a. er)IStAl x·o1.o.tic.m is shown in Fig.2. e d~~to.tG$ 
the ~gle betwO'en the· .fiel.d B0 .u~d: tilt! l .tnc joininu th~ 

p:rotona P, htttetn~ttel' rf.der~tmi to as th~ ).)""'it line,. c! is 

tl•• ~le t>etwta• D0 . .~ All a:rl)it:~:v 8Ki.s which is .tlxud 

r~lt\:,iv~ tG th~ c.t:~li'tl\l ., <fo is tll.e anglo betwe$' the 

http:d~~to.tG
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A ,g«l!cn-JO'trieal di~Am to illu~t~tnto tb.~ ~lr:.s ·MO •es 

Uli!>Gd in dG$cribirtu a ~ingle erya'tal .t'Ot .t:iOJ1,., 
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S is the angle bet. CQU tbe p .. p l:tne· and i:t• p#Oj<!etiQn 

on the plADe perpQ~tdieu.lar to t ·bfl Jto·ta.tion M:i • :tt can 

J> · ~~. that 

·nae $inusoida1 rvaria~iQD ot SJi·~Al aej:~aration ( tlv ) tor a 

l'otation ot the c:cv· tal tollQWt a '"Pake CUrve"; ... 

x- cntl bq d.ete.min«l 'tbell:'eUlf 1)ivin9 tho length ol the P""P 

lin.e ~ its di.J:ec.ti.on wl·tb ze•p~'t. t .o $f) XQt~:tion ttllia 

and tilt~~ iiefe#eace u:l.$. 

ObvS.welv i£ tllel'~ .is wore than one p...p direction o~ 

.l~ngtl\ :ln 'Ule U¥lit. ·eell, ~ aevuatm PuQ eurv" with · pprop... 

r:i te s-tbaa~ M4 pli"tUde I.$ aaaoctia'tet\ with each. type of 

P""i' lino. 

Fot a poWde:r cwtaining p#Oton p:tU.-s 'the ab4lorpt1tm 

Cliu·ve,. as. ·eKp~'&ed, is the &\Ui o:t tbc 6b.aotpti~>ns t:tom 

oad:l 't.iny ai:ngl.Q ~~:·rstal i n tb~ samp·le.-. lhe tollowing 

st.mple atCJU1llQat, aa~tia.Q infin1.'t~ly naxrmtr. t" ·· $Cl:W.~tet:s, 

Gbows buw the pti'Wde~r ept;K:;:trum..is d.ed\lced. rirstly. the 

randOili. ori()Q.ia"t!on of tile gra.ina mean·s tbat tbu, ia an 

http:di.J:ec.ti.on


10.. 
iaotropic d:btt:ribtttioo of P""P <lilr(r.~tiGil&.- 'l'tlus tbe ll~:bf;ltr 

of P-l~ li.ttoa wboae BA9l\t with th~ :field lies in ttl~ 1".,\ll~t~ 

6 to e + £16 i$ pt'opox't.itmal to td.li' 9 $6.. f{QW tbG- strength 

ott tl~~ absoltpt.i.on b4iWtW~en .flt~quftnc.ies ..,;{e) and v ( 9) + d v (e) 

is p:t:opartional to the oa~be:rr of P•J? lines apptopritA.t~ly 

:iaclitlmfl to tb'f.t field so n.a to fP.Vil a liml i,n t.i:u).t it'~ ... 

({U:QflCy runge- 'lb~l:OfUXe 1( ,) ) cl ..V VA:tiGB· &$ tllitl (it (i(j Wb'it"Q 

£ 1 v ) is the anectX'W.it dtm&itu.. • t;!valuatipg $ift 0 da in 
\ r " . ·· d. v' 

'tflrta5 of v add bearint in 11,\:i,bd tbe .f:tequuey boun.rl• witbin 

wbio'b tb~ two s.igu.ls frO:t~ a .pxotQil pair >ll~te c~nfi.ned ,, one 

finds ~~o:r the· lute stla:pe #• 

t( -,) ) 

..., 	 Spg 
2 

Po 
-· ,.._ <v- Vo 
4 17 bx:3 

...~ 
3 

... .. .J . . ( ·· · .. ( .J··-.· ....J.o) ..4 rr .b:t: )if(• }· • l· ... . .... ·.· ··· . .. . 
3\12 u 
.. ,.~ r t;} 

llii.u .fUAe"tion is abown in Fig.~(n.)., t4"non tbe dipolar 

b:t<md~nin\l o'l tbe lin0a is tak• into ac~o\lnt an absorp'tion 

http:s.igu.ls
http:anectX'W.it
http:absoltpt.i.on


(a) 	 .,\'bso:t:pti.on curve· io:t a pow•l" co:n'ta.ining· 1>ro'ton pAir , 

-•awni119 n ~.os't n.eipbw1: intm::actions only. 

(b) 	 AbsorrJti.o:a cu;rve !ox a powde:r: containing p.1rotW1 pairs, 

a.s•um.inG th p:r·esence ot intttractione .from all otba.r 

neigbbou;r.s .. 'lhe eo:erettponding de:tivati'v~ curve iii 

lso 	sl)own. (Aftor Pako} 



(a) 

(b) 
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e\lrve .and deriva'tiva o£ 'tbe- fihape illust"rn.ted in Fig. 3(b} 

a!lie obtaini)i.\,. 

!h~ line sh.r;~ope for t··"o int-era.cU.no a;piu.e i• xeadily 

pred.iete&;. but tbe pr.Qbl~ ot th:t~ spiut& is oonsJ.dera.bly 

~e>i'c eo~plicatQd. i~ the nw.we.r o:f s't:t:ong.ly intl9J:ac::ting 

$.Ifill$ i .$ in;;:;e-~(llld 'til~ ·t~-~~ b~ao~~$ '$0 !or~l.da'ble t iua.t only 

v~:ry ~,e.eic.l cas.ea of lliQh t¥yauet:t~ cab b~ treated.. In "" 

went, tn.o iiu.o ,~.ruct:u:z: · £or t'iv ·. <>r mQ~te $pins wou.ld 

~~n'®ra.l l)t b~ thl com;plex th.at nothins;:~ could b~ rtesolvw, 

ditticulti-e• do not ren.de-.t ~gnetic re$.~ce u.sel:e$$ u 

a ~e&n$ o£ a&cortninitli~J ilut.or ma:tion about: th~ al"Jtatl €/Uent 

'Ot 'thQ atoms, Van Vleek ( .l'<i&S) bas ade th$0reti<:al 

~lculAtlons ot t:be 1aomenta ot t'b(l absot:t:tti.(t)P int$laitty 

in t*lrms o£ tile po8ititm .a,nd. strQbstt;h ot tlt~ vAl;i.QU· nu.cl.ear 

dipole• in lb.•·. crv•tal atructltte"' !he ntb tnOll'lcmt o£ a 

:re&oruuteo eu~rv~ ie d(!'£ined as 

~ 

(~V )" -tJ - Vo)n / ( V) J .J~ I ( 
0 

t\fltere tho don.titJtint •ouroc of bJr,oadening in tb~ lir.o .i 's 

maonetie dipolar in.'t'itr cti,on tltc ret onanee .£$ sv•a t .rrical 

bout Vo NUl the odd motnen'* ar0 equal to ;;~;:ero .. Van Vleck• 

ealeul tioa oJt tb0 s~cond r..lQr.tt.U\t yields the follO'iring J>eattl.t, 

http:r..lQr.tt
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where the resonance is obtained at fixed frequency by 

varying th.e applied :field. 

(b. s)1 2. )'/. 	 6
( 3 cos 9jk -1 'Jk 

+ 	 2. 2 )1/ ' t.t. f ( 3 cos 8j f - I · 'J fI: I 
J f 

N5 

fj) f-f 
:; 

::!• 

tb.e r•\Unue~ Q:I intEtraoting res<Jnatitlg nuclei 

the abso:lute nuelear magnotie. dipole mor-u$'nts 

of the resonant nueleu.s j and tbe non... 

resonant nucle-us .z, respectively. 

ejk• ejf * 	the angle& be-tween the applied ii'tld and the 

lin~s joinin9 the nucleus j witb. t'(3Sonant 

nu<:leus k and :non.....re$onant nueleus f; 

tespeotively~ 

r jk~ r j:! = 	the distar1Ce$ betwee1'1 ilucleus j and nuclei k 

and f; respectively. 

The second mt>:ment is $een to be c.omp<l&ed of 'two terms, 



on.~ beht; t.tn~ ~ontributi<>n tl.~o~ t.llu inte:taeti'on that tl'u:~: 

nuclel in X:ll$oltllQ\eo h vG" with •a® ·O'ther ami the $f:CGrid 

taldng into a:cco\Ult thl.7i proxiaity a:f otll,ut ~lelllen't ox 

iuotope$ wi'th att:onu loc.a:l fi ld$'• Xh• formula oaak~S' i1; 

a:p~en' that prQC:u~en.en.t o.£ a valU(Jf ot the •~()Dd. moment 

can, 1n •;pito· ot thfl l.a.ck of d tail in the line, strom lV 

sugg st th• cwtigQ:ta.tion involvod, espe~ially wben sate 

asa~tl••· can be ma.d.-. ~t so~<~ o:t ~be bond leng'tb$ ud 

duectiOilit• 

lbl) second m~n~ tor a powdet: auple ia t;l.educ«i .from 

'the a.bove m<pa:~•aitm by J:4J,plcitl9 ( 3 co&2e- 1 )2 by :it . 

a.vll~ta..Qtl over a s.pne:re 11 wb..:lc~ is 4/5. tbe ~ression tor 

tb:e tou:rtb ·tilo.me»t of 4 .x•souance lino ia rat.be~ lon:~ and 

l.$ raro.l.y· \:I$W i:at analysi• Q£ mcperi.men.tal :te'SUlt•· 

MJ~~:titt~llt •{ifllrtic x~sonan~ d~u .not ~at<:i'll x...x,ay· 

:md neutron dit.txit.ct1on in ita pow• to solv'e p.robl$11.$ 

coaeer.tdniJ r11}i(.l utl:uctuxea. O.n the otbet: hand•. it bti!cOrtJea 

:most vnl·uabl• .t.n the irweatig;.a.t,ion of the dynamic$ Q:l th . 

at~ and t~Joleculoa. .In tact 11 b~t'ore agn.etic ll'~aonaaee 

me:t wie:le&pa:ea.d. b!UlG·•• 'tbc. gt'OAt extent ox :mol.ocula.r: moti.on 

'tlia't oee.u~$ in $Uli.4~ _.u <>nl¥ pa~<tially l'ealia!id•. 

11\e c:ms&1 -<4 ~~e~e liQtiona with ::i»int -~~$ra:ttilrtQ 
. . ' 

i:a lteve:aled tbrou~ their drafii.ti~ G.ft.oct• on the wid:tb .and 

li'IO.mEn.t• o:f. t:lua, t-eG<>naru:<40 t~m m~clei ic tbv ~oving c®.... 

figuration. In. t;}O&t cas~u the motio.u CQ:\.UJefi 'he apeetJtum. 

http:drafii.ti


to d~e:reu.$& in W'id:tb. :tbe lrtiiaia..&on for t .hi& 1.$ 'best seen itt 

tbG for.~ulae for «Je.cOJ.l¢'1 !aon~Qnt$ .. 1:£ 't.bt1 r~u:tien:tation ot 

'tile tfAolecule Ot:lC\'Ut'$. at a bi- enouQb rato 1 1;h• av•rage 

)3~at btl taken o£ ( 3 coale ... 1 o:vex All tbe valu•s of 

e. An· in'te.t:elltii.ng eXIJUtl:ple is tha't o:f a ey,Qte,a x:ota.t ,;btg 

about .an axis fi•ed a't an ~n91e e• with re .PQC't to 1be 

tield. The aft\)lQ: ajk that 'tbe lme bce'tween .nu~le$. j and 

~k ilt&kee with t.be applied tiel.Q is now xttplMed by ( Jk" 

'ehe an~le· that i 't maku W"i th the ui.s ot ¥Q'tat:ion., ana a 

)2;t.actw t ( s eoa2e• ... 1 l.s ina.ar:t.fl!4 in~o ~ach te.rm .M; 

the aunlmation.. t-"'ot:· a powd"i:'. t ( .a eo•a&, ... 1 )~ :t• 

nuelea:l' vnctora ,are peJ"pelld..icula• to tlte l'8Clt' iontation 

aats it l.$ seen tb~t thQ moti<m eauad 'tbe C®'Oild :r,m~.-mt 

to be i · e ~~a.t as toJt a • i.l9id. eantigUJra'ti(ltn. ~-awre• 

il\I('Jnt o:t linM"'id'th ie fou~d t .o copt.a:J.D, 1968 i .ft.toJ:mation 

•b()ut eotiM in aol:.tda; but: ~he actual ab. pe hae been 

tbe<»tetieall)' predictod toJ; '• '111lple ca.fl;u; •uch As a nuclear 

pair witll a .fi~Ced ttetat.lon m¢ia. Migl':f spoed :rotation o~ a 

syetem of t.wo lik:Q tJpin• abo\&t an axis pettpendieal.art to 

tbo intQX:nueleat vtJe'to.t causes the Juuo•umc.. :from. a powder 

sample to decreaae i .a w!d:tb by i ililo.· retaining tbe sam 

sbapo.. Las"t o:t· ~11,. iinentim\ mu$t be -~~e ol a t"p~ .q:f 

ltlQtion eountl in all liqui4• and in uany solidfl. T.be 

,r~$on 1.ing nuclei al'e looa"~ad in a..tt>td.c conti.gt.U:a.tions 

\flhich ttmble about ra.nd(}mlv o~i@nted a~~tu$• tl~:reby ave~a.ging; 

http:in'te.t:elltii.ng
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t:o ~e:ro tktt lO(lAl :fi~lds o.rit~inl');).'ting v1i thitt tb~ )rti't.t4t:in~ 

<';:®tigur!il't .~.cm, t.>l' laO.l4'1!et.tle., aX~d which l!.love in tr.antl l atiorJal. 

faahion: r~lattve t~ the •ttt~Gu~11»g rJ:tu;tl~.i., tho~teby ~veJ: ... 

eo~ting. to ~e.ro the io:t$-t~olc.lC:Ul!ut dipolar iat~~l¢t1o.n". 

tb.\l$ ~b,e r~$-onauce.& tr.~ a liquid a~e: cba:racte:r1$t1~al1y 

vet<y aarxow, to the ex.tent tiia/t tb@ t:l!=tJc 11newidtb J.s 

l'!lfMi';kf!d by thE .:ttel4 i.nho~.og•ei"tV in & eonv.mt!Qnal lw... 

r•solutJ.• *t~etx~.tr.etu. It ie ·••t,!~pts s~<lh as tho•~ 

out1in4fd ta:bove tbat o~ accout toll' ~Y ot th• o.bsu.trved 

Cl1an-• i.n; tbff :r~sonanee sba.pe aa thG< tUUlJcfJ.l.;t~ is he-.at~d .gd: 

1\be a.to• are i-ncited to mov~ about. 

A matter .t:(tquixintl d:t•cu.seion i:e the rate ot 

Jt~Ot'ientation ~•s•at<y to cause £~t.iona1 naz.:~:owing. 

Xf1 a ~i.gid 1-.·ttice, U'-l<;lei -.xe .Qbl!llsrved. to be P*"'eUt=IIUd.ag 

ove:t:' ~ ~ange of t'X'~u~~ie• o:t tbe osrder ~:f the linewidth, 

~v • :Bl~llbtttr;,en ,, 1\Jszet~ll, and Pouad (lMQ) 11ave tbol4' ... 

,ougnly d...al."t witb the l.nt'lwmee 0\f ~oti<m, upon the lipin 

in1.•~ac'\iQU &nd U.ve ... th~o't .n:ll!ln the -.v•rage pil~i~ 

of th~ l'eOrieD'ta.tion ~otion• a~oacb,ea th• valutt l/2 71 ov 
the nnrrO\ifi :n.; ~oeeal' b~irts. A correl.ation f:t'~Ui!DO)', 

Vc. , :1$ in:t.roduced as a mq,a.&ure o€ the r_,rientation. tre• 

qu.enc;,. 'lllf!l ~otioaal natrwiug is •howl\ to be (iettcit'i~ed. 

by tho £ollowUJ.g ftmcttw;• 

~-v--v, 
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It i3 throu~b tba- df;:t'pe:ndence of vc. (#n temr>..;fi'~t.rur '9: that 

th'G' nar:.row:in9 ot ·tne line la ~.rttsaed as. a fun.etion ·(:>f 

tre,~rature. It th• ill<»lueuar :t~<ni~a is th\t~t-lly ~activ&ted• 

Ve C-&n be •pJtused aft 

Th~ eo.::iiuon pr-Ocedtlt:t) is to ;fit equ~t1on (3) 't'O obactved 

lUtt!iWitltb V~t':tlU$ tem.ptrrf:\tUJ!~ CU~V·Ot!J in. O~de-:r to arrive at. 

a v.alu(.l o£ 'the nnceliUl' a. .A. eox~l~·~bl~ ~osult can llG ob

t~ined if' 'tll~ root .s,¢con.d !";tOJ.ll(mt /( A.,; )2 ie $Ub~t1tut~d 

tor the ;·u.llfl.ri~'~idtb ~ 

nu~ t.lu)·q-c!•• t ba't ba.ve bc::t•• presen'te<i in. tbi.a aec'tion 

ar~ ~'V no -m~u.a ttle n;os;t t>efimKl ot those a.v4\ilable to 

•ualyl\• mDtional .UI.\rrowin;. C..'mt~,td~it-lab:ly more ~¢¥tt~.il~ 

dev(flGpmtllnt& have ap~r:·ed:~~ bAua(ad ·on the$w :tire:t :fun®illlimtal 

&,fi~Jll!tlat>:h~lh HO\:~ve,:, it is bttlf.·GV-ed t.b.~t in the p;resent 

•~k -conc•rn1nG tb., atud,. of moleeula!lr ~~tioa :in natrol!ts,. 

tbe buie tbeorv ··s·l:Jttices to yi~l-.1 mlllttutintf"l rdult~. · 



'll~ nuclelir miil9fl tic r o ce Gj)eet:r:o~ tetr \\GOO !.n 

"thin orlt is o~ .con...~ention 1 do .ign. . Ute · xt~rn 1 ..¢:i.cld. 

i$ p~ov:Lded by a Var inn ~lo<:~tromagnut witb pollb fncE>s 12 

inches in d~c:Jter ~nd 3 inebe apart. 1-.. eux-tent o.f up to 

t t;;:o Mper·o• ia supplied to tlie higl"t it.edanc , windings 

.trom ~rcurv vApOUr Jiectifier. .. For :fiold $'tnbili.zation, 

tb · r tmnft.Qfl! $ignal £tom 'tb< · Flitl n.ucl~i. i n ~ t _fl()tl. 

cylinder is eora,ti.nua.lly detected and degeu:e,-ativ ...ly tod. 

biick to a b~nh ot~ power tl1io<lo5 tbrougll ~vbieh tile ua9net 

curx:cnt pasaua-., tbercby auteullt\tically adjusting tbo ·cur.... 

~rent to .tab111tt tho value ot tbe -·· pplied .field to 1 part 

in 250, 000. 

"tbe osc£l.lat:btg- d . tc~to:r i . · of tbo- t)ll,pO d ~seribed 

by Vo.lkoff, Peteb , and Smellie '(1.953) i> _ 'the spect:tW!l is 

·~by lowly varying tbe eapacity .in t.be O$Cillator 

tank eireuit . 'Ibis is done by u anu. o:t a n ;vdon clock 

tll:ivo ClO'tQ:r and reduction gon.tts .. ·lh swe4lp rate uacd i.n 

tbis -t.vo.r.k wa of tb .~ Ol'deJ: o£ SO e./af A Gone~al R dio 

ifrgqu~n:cy ttl\ltQJ: type e20A 11nd ,o,, Ua.llicrutc~ t-"~el ~~....eat:\ 

c~l~~unicatious :receiver a:re ua.:l to ~~:K-.-aa"..:Cil tbG f~tequency 

aJf tbe O$Cill tinsJ detector ith au ·t.le\la:acy o~ bout 

18. 




Tho mctorn~l .t~A9Dl'ttie .field i i~.tadul~tQd by a ~20 

c./a. sit\0 wave froZ:A a, 1:t~t1lett-Packard 200~~.n audio 

oseill tor ·. flidl 1 aoplit:t~d to provide a t!lodula.tion 
3ru;Jplitudo o£ about 10...4 wb./t). lbe r: . t . siunal in 

tl1 . o cillat!ng dot cto~ is thu -ttOflulat d at, 220 e./s.,. 

tbe trJcdul.at1cn being ptoportl..ottal to th<J fi,rst derivat :iv ~ 

o£ the. absorption f:U.t:VEh lhe r.£fi signal i s pa&sed 

tllrough a detectart stag ·• the a.1. output ia .amplified 

in a nan:ow ~ ~plitier t:un0d to :320 c./s. and then 

f'oo to a p.bu·e ...a 'tl&itive det . to:r. 'lbe d .. e . output .a£ 

the c:ie'tl!ll-~o;r, wbiC'h is pl'OilO~"tion!!.l to the abs!Qlt';r..;~tion. 

d ~iva'tiva, :ta :a . ~su.retl l):y a VAr.iM CUO (100 .mv.) :t'·ecordin 

r.d..llivoltm.eter. F:r:"uc.1ttcy marka~G llltCl ~~ccurate)y pla,eoo. 

on 'the ~teeo:rd .~: o.b.&Jrt t intervals ol! a tGW kc./e. 

S.i ttgle CX')'atal $.Nllpl~s a~e orient0;l i n th ). mc:tern~l 

· a9n~'tic t'i~ld by a . s .it1p.1e device. 11-u~ rotation axi i 

a tetlon *lha.f't mounted 1n a b .avy t:n~a.ae 'bl()(!k wbidl is. 

cltU!Jped b~ween tbo magne'l pQlo pi~es so that tho rot!ation 

axi t _pet'peudie\11a~: to the a,pplied :ti.eld. lu1 a.cour toly 

calibra:ted ciJTCUltt.:t Vernier t!JCale at one. end ot tbis elt.at't 

provides a moo. u~t~t1QI\t o'£ the· ;rot · t .ion lU'Jgl f with an 

· cc~aey o:f about &il¢ nd.nute o£ ,rc.. A<t the otb.~u: ~d 

o.t th.f4! haft. is 11\0UbtQd. a Oni~ .sing.le c.xystal ~®i<;lJ;il~'ter 

&:yatem Which holda tbe cxyatal At tb eont r of, the WH.9

net1e ti ld .and gives ;tt two .mQI'e dii!!Qrfhea ()f ttt:eedom-, 

enabling oa.0 to br.ing. 'tl'i:e desired e~ystnl axls pcarall . l to 

http:t:n~a.ae
http:s.it1p.1e


20~ 

the rotation W<:ls. 111a attml'ille and goniw:~t,~x oyst~Ill are 

er•elo$ ·ct in -a br eup ,v_tich s~rvos two pu.rpos~s : it 

a(f9rdi\\ th. . nec~stulry r . t., 8biolding •of the oscilla:1h..ll' 

coil Md it .t'ortils nn enelos: rl chatm :r t .o :taeili:to.te beatj.ng 

o:¥ coolin9 o£ tbe sat:1ple in stU!i:ti0 ot tb~1 tatt(pcratu.re 

dependence 01: the s~tro.l patt rn. 

r~owtict: • plf;')& ar usually sealed in a soft 9lass 

tubo and atlOUJl~od diJte1C'tl.,v to the tefl<JA xotatioD .sba£t 

without the use o£ tb goniom t lr.. 'lbe ~- .. :l, eoil consist 

-of a t ew turns of bru: silvqr wir0 ctlri1Etl\ted -to tb.e gl"'ss 

.·atapla bottle. 

Tb-G~ :ysten tor beating &N:'!'.ipl~& is fairly s.iJ~plt:.h 

t\ir fltom the; lo. pJ:· s•urc t,ap in 't.be J.aboratorv i& blown 

tbrougll ~ J;.)'t:<m t'Ub.c conta.ininu a ni<:bl:q.'!i!l htti>.tet el. m~nt 

and thou red into the bltas.s ean urrO\mdi.ng tb · sample, 

f'~mi vbe¥"e it escape$ via a. a.ma11. pot't.,. 'Ibn teupc-rntutQ 

is cont;roll.ed by a va.~:iabl 't:r:a.usfomor whicb upplies 

the llea.'ter eoi.l aad by tb~ tap bicb control . , tbe tat.e 

ot flow of tbe nit'. "t , peratur up to 30QOC., ere easily 

;r cbod. and · i:ntained to wi'tUin l ce-n-tigrade deQre,a. 

ll.n ~ven si~})ler &yst m ~.c u -ed- £ox coolinG th .. 

samj>le • A · mall nieltt'O.J.UU bo t.er coil (,I!Onnect~ 'to a 

varia'bl~ trQ.n&:formcx a• u ud to boil air· 1-ro:J. .a. la;r>g~ 

oontain~r ox liquid a.ili'• Tn,ia cold d:ry· air was f(ird <lit:eetly 

to tb~ s~ple boldei.' exactly .in 'tbo hea:titlg art:an.;0n®t.. 

Cban9in9 'th boilin9 r .'le of the air by djustMent o£ ·tbe 

http:nieltt'O.J.UU
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v "'xiablc t.xan.ufnr .x gave au,it blQ OQntrol o:f the tolp~~a ... 

tu:rc. T•~l:lperatureQ as low ns ·130°C. were readil)' illChiw iti 

and li:taint . itlod to itb.in 1 c~n.til£;fr de dGQro(l:. 

~bo tel:;.!po:r~tlU'~ o'l tb.e powdet' samples w«rt.s .t<t~a..$l.U:ed bv 

.a co;,~po~·eQns'tan'tan t.be:rmooouple. On~~ jw1.e~ion wa loeatca 

in tJt·.. eont r of' 'the puwdcu wb.il ·h<~ ret'or-en(!~ juactiou 

11 lte}-,t in a w til:' batb o..f M.ow.n temt>oratut:~. By elllploy

in~ a Ct-o,yd.cm illerraocouple Pot'ln.tiozneter ().UU could dete;r;.m.... 

:in~ ttu-, S.N'!l:J.>l t~lnperatu.xte witb .ll aecur.acy o-£ ab-out o. !i0 c.. 

http:Ct-o,yd.cm


tbe ceate:r o£ 1ll~ tetrahedron afld thl'l o~~tyg~n ions ;form its 

.f.our co:.;nerth A 'tbxee-dimenaional tram~work, which. is 

t"or~ed. when each tetx- . dron $hal:'ea .all tour coxnar oxyg(m 

t.L't:<m$ witb otlter totreh~a, abaract.e:ri~as .$lever l . claa ~ · 

of sil:teat tJin~ra.ls., in.clu4ing tbe :a:eolitit'$.. Al +++ <mn 

be aub~stitut.ed tux St++++ because tile inte~tGtitial posit .ion 

in an oxygt,;~tl 'tetrahedron pt'ovid · a ~ite of suitable volu:t:i'~ 

and co-ordina:tion. l'b4> reott.plo'ta at~uetur: ~ ~$t sat.isty all 

valG1l<d.e$ uru.t. have no net ch~r:ge. 'fo neutl'al.i•-:e the 

nGga.'tive charge aris.inw frgm tbe A1o4... tct.xatuitdra the 

et)r t al must cOD:tain a cati·o-n auob as K"',. N + • Ca++ • or 

SA++, in the approp.riat~ amount . l'b. CQ•OJ:di:nation .lr('rQUiXed 

by sueb ions i· not <:1"1t.ical and tb v noraally uccupy 

t<elativ ly .ln.rga .a.p ces ew:xou.odoo by eigbt or ~<>:t OXJf~JM 

Ib eeQl.i't a .x s..a~~bl ~ tb £ · ldspar&J, teldspatboids, 

and ultrm: :rin. a in that the ir~ework eon is'ts o£ fll04 · nd 

Si04 t e'trahedra linked in .s\lch a way tbnt the :r:atio (tQtal. 

no. of oxygen tot%8.)/ (tota.l .i\1 + Si) • 2 ·; but. 'thQy bavfZ!'• .as 

thoir ·n~0 indi.en't. ·. , tho distingui.st;.ino .faat\.l.re ot boiog 

hydrated.. doxo peei£icQ.lly, tbey are ·eh ractQ:ri:?oed t>v 

22. 
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23. 

rever$-ible dQbydration and cation excbanga proce.$ e-s . the 

fibrous ~~~olitea edingtoni:te, tl'mr.la:oni'te_ rtatxoli te, 

seoleeite_ .ana m.Qeolite .ax·. ial.l built o£ tile s.ami't el1ains 

u:t linked 'eotJ:al:u!(lxa and diffQ'J: <:in1)( in the •i~e of thu 

wit c,ell, tll<t t ,3fp• of lS.~9~ bot:wtt~n s:il-icata chains. 

and the po&itiOJt . of tb~ ay metr:v 4U¢eG and t>lue• flich 

,:elate eacb ctla.in to •11 t b . otb r~h 

the cry~t.allograph:lc data 'for natJ:Qlite is as· 

:i~llmre s

ortb.orhambic; $pace: g~oup F"dda - c,;!· 

Tb.is da:ta ia after )f~ior (1960) .. 

l'bo dlaiea.l :lOll'm.ula is Na~laSi3o10., 2H2o with tbe 

fix~W; ra:tit> Al/Si • 2/3. Si~t .of ·thea~ formu.l .a units tnak<e 

up one un:L t c:ell ;o t-latrol.:t:te which lla• ftntmed ill ·tlle nor~a.l 

babit app~ rs ~s long n «<le• parall~l to tb · t ax.i$ . lh~ 

oolour i• often wbito a ttu~ spoeiiic 9~avity i.- 2. 2S; and 

the hard~M!•s is SfX'eate:%' 1tban s. 
Ckai:tui o'L A104 and SiOo4 t ~trab~x:a l;lx:t•nd wtthout 

_,. 
lirdt in the e ·di:ruction.. Aa ~seen in eri~h 4 • t.h~ Al04 and 

s.to4 tet:rabedr:a occux in an oxder~ arsraagec.ent and each 

eba.in ie joined to 1the otbe:ta a.t it& £ow:· co.:ners in •uCb. 

· way $ 'to ~e _ $1:rong silicate framework with lug 

portl!s tc ac.eOlrlUIQda:te the cat.ions and \"' tGX' molecule&. The 
.... 

wide clear e.ba.nnela pu~llel. to tlltt c axi·$ re int·ercon.... 



( ) 	 A di..agrati showil\g the b.yc:lrogQI'l bonds (dashed i:itl.O$) 

linld.tlg the water l.UOlecule t .o tb Al.04 and S£04 t .t:r: ltedra. 

i.n· ha:troli.ta.. 

(b ) A J:>Jrojoction o£ t:be tl t~tol.it~ structl.1Ze on tbe (·OOl.) planq. 

lhe Al04 totrrutedra a:re flbaded. 

(Lfter Meier) 
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nuct<!."'d by ~Qallex tortuou ebalmol& 1.1bieh :fu.rt.her inereW3e . 

the po~:onity o:f t!lo r:.~ina:ral* 

In 'the se'\f:Q:ral st\l<lif.:fl tba.t. have been znade of the 

dehydration pl:~oss in. ru&t.rolit @Xi.ng 'We 1a•t bund.+ad 

Y~"' -~ c®sMt~rabl~ dittic:u-lt.v· bas befin !}let in arJ."ivinv at 

tltfl tru ~tu:r:~ of th~ proo s ·* C<m,trol o:f tb~ . a~er vapour 

pre~suro $ 'tem& to bo of ~m"le impo:r:tan(:e. lllc prol'#t;:!r d$gre~ 

of' d~,itb)t<l:tation. )fox: a. s;1iven telllp@t'\iltUr~ is xe:a¢hed only ~f'ter 

several b:ow:t~ of holding tbe · . pl>0 at 'tb.at t opQxature. 

f4any worko:t's b ve foun:d tba:t tbtt w. t~r i$ mor · roluot.ant 

to leave ilbc dlannol :1tter Q en sub ~equ nt d hydl:'ation and 

r:~bydration, t•le.'\5\tte.tM .ot.• - ot the heat: o£ hydlration hnv¢ 

~en ·~ .oawba.t difi'ictdt to int~r~¢et ~ving to tbe sQr:ious 

stu:in~ of thQ silicate tra:gework as tbe wat-ca.r leaves tba 

pox'OS nntil tb atrolti1 'tond.encv :for tn~ natrol i t .e to adsoxb 

~atcr on its ·aurf ce. Nwe:r'tboles tbf~J gener l ebara.ct.QX" of 

tbe is.obar-J.e deh)rdx-atioo e~v• ba.s been esto.bl.it%hed; for n 

wat~ vnp.oux p:r•ssur~ ot 10 'ta• m. ~\lOt'~ tbu.n 905 of tbEt di11"" 

.byd~a.ticm occUlts w~x :a J:artge at a very few d >Qreo:s &.:>mewbttl"-<~ 

b~tWQett 200° ana 290° c. lbe 'i'Clu:ud.em o1f tlJ. · 14b&Olt'l)tion of 

$laa1l laolec\lle · in tbe po11er1 of the za.o1 ·· t a bas be\ltn likenod 

to tlle &-i*~plo operation cd a ~&pan e. r~ot eve:ry liquid or 

vapo\.lr Q.an b ab$Q:J:tu:~<:1 a &Ot)Q moJL.ecules 01r.e too l6t:'t.WQ to 

crttor tbe r:J)am lth Ye1 on;~ tinds ,, tor ~,ple, .byt1rogen ~~ 

cax-bon dl.oxid , lcohol, bydi'OQen sulpld.de, ix-, iodirae1 

rct;.nry., su:lpJn.ll:'' And . mc;mia in tilr.a lono list of .ut>stanees 

luwwn t-u b~ rQadily obsorbod by fiOS"t ~~lites. 

http:su:lpJn.ll
http:sulpld.de
http:l6t:'t.WQ
http:vapo\.lr
http:i'Clu:ud.em
http:ebara.ct.QX
http:t�le.'\5\tte.tM


26 . 

However ~o the ca'ti~ru• oo water in 'th~ ~eolitca a~e 

not so independe.nt of thfl! silicate 8'tr'u.ct.uxe a$ migbt b 

su.~.$JeB1:~. ln P4:trol,ite,. at z:oom telllt~ra:ture, tM watet" 

t!~OlecUleB ADd f'WOdiUtti atom& ·c;JiCCUpy o~tifd.t~ $:l'l4:.$ in an 

O't'dered ar~range$\tent.. 'l"h~· liH.mdin~ oil t-be w.a.t~:r to tlle sto4 

tetJ."N'lcatb'it.. is prob•bly# a.$ $U{JgQ•'lu4 b;~ )~i I', acc.OI!.iplisbed 

in "the, mNm\JX' shown in Fig. 4ft.. 

http:independe.nt


'Dlis ebcpt.er df: <:lt'ibtl:'i the pt~.aduxe ft>llowoo in the 

pxoton ~a,\;net.ie :atGSQttance ~tunv of n~t:rolitc* botb in single 

Ctr)fata,l a~fl powd@'r·ed fo)t~s. tr.n accoubt is ·oivQn of the 

m~asul'~~oltt$ tnado ~dc the i.nio:cma.tion ~&inad about tb 

1tleAtion and ~bil:i:ty o£ t he: waters of bydta'tion. 

xv. 3 . s.~ .i.no.l$ .·Cr."'.· &tal WoJr.k
&t til , ' it . -11 _& · · 1 ·, . • ,I& -·' 

l'bQ fix t $'tep i.n the investigation was a .tuuy ot 

the proton spec:tJ;utn fo:r ·sev.Q:J:al o:tienta:t.ions of tbu applied 
..... ... 

l .i..ald "<d.tli~ r~sp*'t 't.o th<! c:tvstallo~l:'BI~hlc b and, c aa@s a 
... 

thitJ ct-:ystal uaa xotated. about .tt.a a ax1•, tbi$ rot.a'tion nxis 

being r~~,:,pandicul~ to the tie.ld. The d11tsirQd r:1:y&tal 

.oxioAtat1on with taspeet to· tb~ tield and the rota:tion axi• 

vaa. a.cbieved. by <)b$ervit\g tbe quadrUJ.!OlQ sp•e'tta ot the 

Aii.1 and tva:23: nuclei and trJak,ins; U$.e ot tbe cQ~le ee11eo o:t 

aG.t.ellite ieuals .t::com t :ha •~etr)f... l''fiJla:ted A.l and Na si;te.s 

whid'l oc.earrw wnen'Bver the appli _d field w .. pE!J:p<andicu.lar 

to i\tly ot· the thst"Oa c~)'8'tal axu.. Complete lmowlodg of 

tbe orientat ional depe:Ddence of these quat.b:upole spec:'t~;A as 

given by ?etch and :Psninwtoa ( J't 1. 2. ) was iava..luablG in thi 

align ent prooedu;r •. 

27. 


http:a,\;net.ie
http:ebcpt.er


28. 

two ln::oad pi:Uton lin$& W4iUte ob•~xved- :; thei~ width 

was .apprax;,in}atelv 12 ke../s. lbe .!t:~quenc:v se:para.tions ( llv ). 

o1 the a.btJarpt.ion peaks were ~a.3ur~l foJt various values of 
..:.. 

the ang:lo t>Gtw¢an ~he: app1ietl .fisld and. th~ b axia of the 

c:.-::vstal. ':the #ttaa~lt$ a~~ givr.~n in ll.lbl$ :r.. A plot <>i A,; 

Vt):tr4lUS t i$ g:iv~n :in. Ptg.. 5,. 'I:b'it oriQitl. o~ the rotation is. 

cboaen suds that i • 0° 
. 

when B.0 is parallel to -tbe b 
~ 

~is ·or 
'tht)' c:ry$'tal, 

1he Wti:t e ll o:L Gatrolite ~.on.ta:infi four non·ident.iea.l 

li~ater ool.ecule.s ao tba'i tot an a,;\).;i.ttrax-y c:r:vs,al o:r .i~nta.tion 

on wrould expect to obse:rve ,four pairs of absorpt.iort paa.ks in 

the p,roton reSQDCillltQ • P•lCitrtU'!I.. ln the a rotation th: pplied 

ma~Q''tie £~eld l!.e$ i.n t.h~ er)ti&'tal ~.tirro.r plane $0 that site 

;r ,1 ·t'f!d by the w.irt'or plan.e givo ideat..ieal rc.sults. Hence1 

only tw·o pait's ot abscrp:ticm peal<$ would b . mocpeeted to appear. 

Howeve,r, i-t turhG<! out that. thQS.e p•aks. ao n"IU'ly coinoide4. 

tha~ they eould. not b~ r solv~. beeaus.e, a~t was l.at . r determ

i.ned~ 'tba :proj:eGt.lon• ot the t.w~ p,..;p lines QU. the J>lan~ 

p .:rpendicu:la;r to 'Chti r:oution ax;is .ar app~:oxi~tEtly at 

.:iSllitt anglell and the t\ftQl.e (f ~ ' } htween thu P""P. lines 

aud tb~ :ro'tatlon .axia is witb:ia. a tew degr .~o• at 54P44' . * 
·xn tact~ fUrtbO:Jt - ~J:'k ba.s sbQWU that no x·.st)lu'tion: of the 

$·epa.J"ate Pak0 C'Ul'V~s is po.uaibl~ tor rotations about any of 

;l .ill .. .'L . ·· 'ts tr r • · · .. :& .. .l . --4 l !!iW! . if! Iii ': -Jii ··rs' ; _j .-IJilllil ' ' ). -, _Q 

* S4°441 !$ ein...·l /2/3~.. ~on f ... b = 54044' tll positive 

an~ ll~tive att'etm oi ~ -v are <:.'qual in ~gnit\lde.• 



;£..O$ppa~c~p, ,line~. ,1oF. a. _f..9l~t,.io~ ~£ a, ,f!_i.Q£!1e, .•e.~~ ;~pl o£ 

nat.roli tE:) about it ' a tt~tilti.• 
-:-, ?t ·t ' •· !fll: t' · ••--•'1!i • · · . r · '· n· _ ·· ·· ;- rzr 

l{qtation ar.glo • i , Indc?tpendent obsr1rvc.ti out; of 
degree . litte •ez;m:ration, krJ , / • 

30 34.. 4 ss.o 36. '· 33.. 4 35.0 

34,,., 7 as.o 34.. 5 33.. 9 34. 9 

33,7 $4.. 2 34. s 34. l 3$. 1 

40 ,aQ, a 

41 40. & 

42 

43 

44 

40••· 40. s 40.,a 40•. 6 40.. 6 

39. ~, 40.1 39.. 9 
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. v "r.... 

Fii!!£0 .5
'J. _. _ . .o r . 

itb.e treq\lteltey sepal'at;i.cn ( A:zJ ) Qf tbt;'l protoa lines plotted 

t.f.(l~i»a't the rotatittn ngle i :tor ltlt#'tation about the a a.Mis 

o:t tb~ crystal., lbe black dots ~· pre•ent 'tb~ av~ra.ge ot "th.e 

obs~rved value& (oiven in T~bl l) for _cl:t Vl\ltlo of f . 

'tbe •olid line ie a plot o.t 40.•J s.tn .a: i kc . /s .. 

http:av~ra.ge
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31. 

that three crystal mc:os b cause Qt the .near coincidence o:f <the 

frequeaey \n~rsus Angle plOt$ wbi.cb arises irOlil tbo eonditiona 

outlin d above; 'thus making it impo s ible to omploy the u ua.l 

Pak~ m ·thad o~ dotet:iiinin.g tbe intexpr(.>ton d:i.stanee a.nd tbe 

orien'i t 1cm ox the p ...p litlflh 

trort~a.tely it was po$:Saible to ~..a~ a dixoet lleasu:re... 

l!ieJtt o£ tt; the intc:t.Jl:roton dit~ta':ftC<h th.~ p-p lin••· oxe 

o:a:ient.ed s\i;Gh th..t wben ~he· t'i~ld i• made paxall~l tQ MY' on 

of tl;a.a th91t~'b;y pJ!od;uciuu & lilit:cgQ Gepuatiou between i:t.a 

pa:ir of lines• the o:tbe:r 'thr.,e P•P l.iae6 . ke angles e d.tb 

the t !Leld suth tha:t none· ot t.h •tx l.ine$ at:G> loei\'ted £ax 

<m.ough .troa 'the .fr~e ,p~to·tmJ. :tre<luoncy ~ to overlap the 

li.nt'!!a i n t.h~ pair trom th.e p ...p liD&a paxo.1l.Ql to 80 .. Tn 

e~~tstal orient;ation waa djut<tcad eo aa to· obtain tbe f.lla.Kit.i}Wi.l 

pu•aible $~paratioa o£ these two llne$, ln 1lhis situati<m. 

we bav~ a. o£ eqw.ation ( 1) equa.t · to aero. lbe maximwu valu 

ot. Av obta..1l'led was as .. 6.3 kc../s. S~t'tint t hi5 equal to 

;g~~ uo/ 'lT hl"! we find that r . • 1 :. 6144 IU\ptx-cu~a. 
·ro obt in the <.lt'ienta.~ion. o~ tbe p•p direct.ions. a 

rot.~ti.on \'llfl.S donG about an. uis :bt tbG erystnl lyiAg in tba 

a-b pll.Ule and m :ing an a.ngle ot 33°00• .! 06' wi:th tbe a ~i. • 

'this JtotatiCJn wa• cbaaaen aa i't allow• one o..t th~ li'ait: s <n 

lin~a to b~ well ~~•olved t:ro.~ t~ other ttu:ee ·paira fo~ a. 

$u;ffi¢:innt1y .l.axo.o JiiOrt:ion of 'Ill : xota:tion to permit on~ to 

l ocmte the app:to;p¥ia:t~ p-p di1'ec'tian. :the ob.s.~rv<~d treqttnncv 

dopendence ol! the eiun ls upon tb6:l t'Ota:t ion .anol . <f. is giv~n 

http:rot.~ti.on
http:paxo.1l.Ql
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J2. 

to~ 'tbQ j,>O$it.ion wiua·r.a the ti'lld lay in tbe a...b plan~.. 'fbe 

po. i tiv ~lttrem\un o~ Av as givOJ'l by equation (.2) and tbe 

point wber:e Av • o wol:'e di:r:eet.ly ®serve~.. Usin9 thQ value 

ot x d~~arllli.n:~d abov~. cqua:tion (2) was !ittod by ibe ~tboo 

of least squaxes to the paiJ" ·rd. l:;i:nu eorl"e$ponding to the 

wa.'ter. ~oleeulea wbo.$e P·""t> 11ttes t~~e ttl~ s~nalle~s.'t uel.e tvitb 

thu plDe r.~erpendicular to 'the rota1;i~ a"'.ia 11 lbe value$ 

obtained tor· ttte. pa:ta.tt¥Gt''~u:~ are: ... 

fly spbexiJ'Jal trig.onome'tl"V the di.t'~tion CU.ie,:in•$ of. one of 

the P""P Vtt!Oto;,:e with reapeot to tbe e;ryl!ltallog:rax.ilic qes 

ar.e: £0UI.td to l>e:

'lhe diatee'timt$ of ·tne tbxee other p•p v~tol's axe ob'taitted 

b,- tbe upe:ration oi tho sym:h'1et£)" .elements o£ thtt cJ:~ystal. 

On the ba 1s o£ this i11t~rmation tbQ c>ba~rv.ed lirtf.l 

aet~ra;tion fo.r tbe J:<>tat:lQl\ about the it .ui.a can now be 

i :nto:tpl: ted. While tbis rotation doe~ not aid in tb,e 

dote:~ination of t"he l.O<;:ation of tho prot.Qt:tJJ, tt dQGS s~:rve 

http:c>ba~rv.ed
http:di:r:eet.ly


Ob6uit~\l'ed ,v,a,l.~e~.. ~t..t:res~B.~2 ~OJlAxt!:t}·0,11 p,f l'· _pai,s:, .~f 

!'!:t'()ton r.e:son;nttco . lin•~ .for . a rota'ti.on of a. td.rthle cr.:V,"atal.a;._ . _ _ ____ m . ~ __ _~· .._. _ 1!( u . a , _ _ . .. & _ ~ - __ , i!'iil'li 

£~ ;llA't,:t,Oli~e ab,O.ts1 ~ . yis, lfiDjd ~n t ,be A•b .J!l~~ .~nd 

~a~~n)l an ,anszl,e .Pf ,3~~• ..wi'tb ,th'e $., ~.~!; 

notat :i<>n anolt11, i , lndtapendetlt ®s:erva.tiona o£ 
degreea lia~ separation. ke./ • 

o.o 
.15 

16 


17 


lU E!S . a: 


19 61. 4 


ao. 6$.2 


2S 

70.1 

4.$ 7u.o 11. 0 

so 72.8 71 . 6 

65 . 9 

60 
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ill~ ru1~ular dopandene~ ot tbe f~ftq\lenoy a~pm:'Q!tion o'l -th4 

two flea.ol.va:bl(! line& t'cr a ~Qtation of th~ crvetal about ~ 

ai~ lyin9 in thf.f! -a ...b' l>lane and maktn.o; an angle o£ 43°00' 

w.itll tb~ a axis. 11-ts black, dots J1epresent the average ot 

thf# ab$ez.<ved valu~& (given in l'abl i:! li.) tor ea.eh value 

·o:t <t • n~e solid line ia .a plat of 

kc./s. 
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as a us.e:tul ~beek that tbe buba.v:l.o\U \It 1be s,peot:rul¥1 as 

tb tie14 ·<>rientat10J:~ cbac~e.$ co b~ ada;quately deaoribed 

b;y .Pake's theo,ry fo% r ~\g.:id p-.totun pai~ts. nu-~ obseltv"ld 

litt~ s~ration..t:oll~W$ a. c\ix·v~ wh.i~h ia tbu 8.\t~raae ot 

tl\<i t wo w~~~ol.v~.i curve$ giving t1le $efJN:'ati<m ot the 

p~irs fo:r: thi$ rotatiQn, The. t'WO P~~ curvet~ have 'th!i1 

sa.me values o£ r an4 ~ whilo the values o£ . fo ar equal 

in ma.-it~ but ot:tp<>:si'to in $ign. F<;it all p4'rtiotu~ of' 

t .be S'Ota:tiob except those for wbicb the field li~s within 

ab0\\1 f:i:vQ deu:ree~. ott 'the b or ~ ~~s: 1 tbe two values o£ 

6 v a.a gi'V'en by ~uat3.oa (2) A:r~ appl'OJd.~!lll.t. ;J;y ~ual in 

~itu:d.e but oppo•it.e ill s!gn.., tbu$ eJC(:.t~pt •ox: f near 

o., 90, l$0, ·or 210 degte~ . a th~ Obtt(tt'VIed J.:.tne pail" SEti»lu:a:t!on 

is e::.tpected to follow a cu~:ve obtained by talting bo.l:f tho 

di.ft*.renc(; betwea two curve.s ot th0 :tntr~ Qt' QquAtion (2), 

one navitlQ a pbue ang;l.e f o Ntd the otbot pbasfll an9le. 

... f 
0 

Ibo: r su.l·tan:t equa:t ior:t. i•• 

l. 

A.v:. q ~..,_flo cosz.b s;,., 2. To sin 2. cf 
3't 1T h r 

'l'he mirror synwcetry of. 1be c::,.-y.s'tal and tlte sy.LlUI&t:ty of th(l 

aitt a <P tuc'tioa mke it um.te¢e · •uy t ·o cottaider: values ot i 
Qt'eaocer thaa 4S'0 • A leaet sq\iuu.a fi.tttng o£ tb!$, equa.,lon 

to t.be obaeJrvatioru& to:~: thia. 2:otation yi..ldu' tba toll.owing 

Lf-0·2. t 0·1 



Wile:tt'lt :r, & , lind fo a'GQ ttl·~· un~4lOW1.1 p~rameters o£ 

the C\Jrv·ft. tho CUJrv~ pr-mictea ·oa =~ basi$ ut tbe previoualy 

giv~~~ valU$$ of ·tb~ 'dixee:t.ion. c.o~in~~ <lt thf: p•p lines i$ 

the t'olJ.o · J.n~:-

w!'tb whlw• the Obitexva:tions ag:roe well consid(l))rirtf.) the ~rror 

i:t'lvolvtl.d i ft c~a$\ft'ib.g th · sepa.J:ation o.t tlua broad tiistorted 

lift~& eneountered ip the a J<Ot t!ion.. 

IV. J,. .hot® llesonance ira Natrolit.e Pow*'la~ 

lb.~ proton :t~sona:nce t.lJ?•'t~utx of n~trolite was stUdied 

With $~Vtn!6l powdet:: &~pl. & ana at tf.I:MY ditf'erent towp lliJ!'illtUr:~s. 

AbsOl'ption d~::iva-.t:v~ euzvas <mtained ~t several t~mperutux:~f:i 

ar0 abawn in Fiti • s• At r~~ t ·emperaturo tbe :re&.ono.ncn is 

'typicQ1 ot :ri9i<l pal..:t'& Qf p;rotons in n ·potsdol'. A$ the 

tm~t'~tuxe ~r®SQS 'tboJ:'e is a Vei!X)f ur~dual tuu:cowing 

ot tbf! lbte aniil eon$equ0ntial decttcaso· in •tacond ~~<»ll.,tl't. 

A n,arttow reaona;nc· ot about: ·~· kc .. /JJ.. width b$giM t ·o ~pp¢ar 

i11 ttu~ ~eu:tu:r of tb~ pattern at a tempor:).tu~o w.b.icb was found 

'i<> de~d stJTODQlY <m tb ' pa. t histo~;y of tbo tlat.tple, . tb 

NJount o.f tater- ad.sorbced on ite. SUX'fac0. ®d otl\Q~ ta.ctor .., 

i\lthougb tb.e littfl Yidt.:ll and .l!!~ond :momQD't values were no't 

e.lo.,lelv 1: pltoducible in tl1e tenpe:ratwt range just · bove 

l:'oom 1 t:teX"a'tu. ·· • tlu~ ·widtb a£ tb.Ct .:£"·· •onan.ce w alway& 

.found t" d. ·c.rea o. auddnnly a$ the temJ:;e;ta't!u,r .·· roue abov 

http:�onan.ce


tll& obsex:ved p~oton spee.tr:a ot p:o:wd0red na.tr.olite at .r:u~tvoJ:al. 

teapetatu:re~ih lhe 1:l"\'lQWeney M~ke~a on ~he ho:ri.~•t.a.l sealQ 

ttrt"t ate interval• o.t ~0 kc ./s•. 
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22.0° c.. R.npid grO\'fth of· t:ba :mr:,J:'J:O' " central. peal~ wn.s simul

tnnuou wi.th tb<t r pid dec.rooa in ·tb in.tensitv t\U.d s 1lpar... 

~tio:n of 'tbo out :r: 1~oaks . 

In order to dete:r~ine: ·tho activation ·~ncrt}y to:r 

.t110'ion o£ tbe watQr VJ.olacul&$. til .. ,~¢ond mottent an.d tho 

l .!.new.iuth data z.ure J:>lottod against teq,ert:..ture in Figs.. 9 

and 10. Up t.o About aso:o c. the lin.ewidtb \l/Q.$ tAkJ~t) as the 

f:te:Jqu10ney G(;;paration betwcan 'Ute ·~i~Utituur..t and tho lti:nitJUltt o£ 

tlle absorption dlitrivativ~ curve. Abov tbi~ t~pet:"a.tUrt$ 

the linelw.idth, takciln a · tl1e .fx~tt.eney sap ration bet r~e .!:n 

thf;l$~ .sru:· oute.r poaks• bGCan~ ine.reasin9l.y ditt'.ieul:t. to 

I:~easu.re accurately u the ou.ter pen fell in strength a,nd 

tJ<::.trged ·~d.tb 1;bo win~s ot tb , signal gJto· i:ng itt tbe oenteii\r ., 

ln ~t:ig;s .• 9 and 10 tb dots rep:ros~nt tbn obsat'vG-d values 

whil(! tbo solid l .1ntas •re plot& ut equation (3} with valuos 

9 and l.;l k.cal. .. /mole for t.be activation energy in Fig,.9 nnd 

VQ.lU.El 10 and 14 .i«;al •./n;olo in Fig. lO.. 

http:VQ.lU.El
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1'bo <t~~ratur:e dep~nden.ee at 'the lin~w:ldtb r.>t tbQ proton 

epqctli'Wll o:l p<Md.-:.r !d a t.rolite. '!be blat$ do'ts dmoto tllo 

oba · l\"v· d valu • Sol.id eUliv (a.) nd (\1) r@ plots obtainw 

u .ing aquation (3) Md value$ £ox tb<t aot tvation. uner(l)t of 

12 ancl 9 kc:al./~~ol.e JrCS:i-:tec:tivel:v . 

http:dep~nden.ee
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llt~ ter;;peratut:Q depond~nce o]f the »econd m~nt of tbQ 

pr,otOtt spoc:t:rum o"£ powd ~ted Jsatr:olit.e. 'Ihe black tlots 

denot tbe obs rved v.alu". Solid cur\I'G8 (a) Md (b) 

c.ure plotB obtain~ u · :ing equa:'ti<m (J) (with { ov }~ :t>epl eed 

by tho .. ·ocond t.:Qt:lallt) a~d va.lu~s fox the netivation fdUJ·rgy 

of 14 and 10 ltCJ · l./r;Jol~ :resp~:tCti.ve'l.y ,. 
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Discussion 
~ 

v. l. •. 

iltQ a;pp llrance o:f p ir' o.f lin~n~ in the 8f>eetro. ot 

tb 'ingl.0 crystal $&3ple t\l'ld tbo obs~ved or!entational d,~... 

pondene~ of tit~ir s¢par tion con:firm tbo beli~t that tile 

wnte:r A'.tOl.eca.tl<J& in uo't~tolita have oul~t tour pGrl!lissibl.u 

orient tions wi'th re peeit to tbc crystal N:es ., th .se fow: 

orientntiona being t'elated to uach other by the mir:ror planes 

ot tb~ · truet.ul!'e. 

'lbtl! value gi,ven for .r, tbe interp.-oton di . t.cme~, ha.$ 

a tandard deviation o1 0 . 0006 ii< . derived ~xo:: the st· tisties 

o:£ tba plots made of IJ.v '\tersu :field or.i·enta:ti·® i;n tbo 

neiQbbQ\.U:b.ocd. oi raax::imum 11 v .. Ht>wevel:' 1 tile method usod to 

OQa.G.WfE! lin .separations would allow a syat$mat.ic error 

A value o'Z. + o.. 005 J •-
i& the eorlt'esponding ~..;i.mum possible rrw in r . Fur 

comparison • va.luo.s o:t tho int.Qrp.~;:oton di&'tanee in oibet 

hydrate ar ·• listed 1» 'fablt~ l:tl." An. as6m~p.tion tbo.t tlur 

!later molecule fOJt1\tS un iaose"'l~$ t.xianQla witlt an H .... 0 ... H 

angle of lOS0 , e. t)tpieal value, results in nn 0 .. H distance 

of 1.00 A. whieb. cor4p res; tavourably with th valUe$ li ted in 

·r.nble IV . 

42. 
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'IA'BLE III 


In.· te _on d.i.stal'K!e-S in.· _ lite co~6·d'· 1dtb values ou
..x..er.o<t. nn:tro. · _~'· tained in othar7 J 1 ~ . - . I w·· - ~ - . - - ' l - 'II -- @ _ ' - - • . l' . _ IPi _ . - • _ I - PI . ......,.. ~- . - ·- . 

Co~pmmd Int.<:rprotun dis'tallce• A. Ht:tbod ··used Rei"~'"reDC 

N¥laSigQ10. ,ati,aO 1... 614 + .oos proton ~esotu:u;~ee Thi.s l.~ort~ 
~ 

l.,56 •I> • 04 neu-tron di££ra.e~-ion l'ox:l:i e (1962} 

easo4.• 2.112o 1.58 .! . ·02 pr.o1!oa %'ea:ouance Pal~e (1943) 

OtC12 ..2H;aO 1.60 proton 'lteuonanc(;t ltob e't al .. (l953) 

lla(C10g)2.zn2o 1.6.1 + .01 prot:on restm.an-e~ Sil.vidi and ~tcGratt~ (1961} 

-- - - ........ 


-~ 

K2euCI4. u2o l ... ti<:a proton roso.~ce Itcl1 et ~L. (1953) 

·r.!!-ft·c·.l .qu .·il"l. 
ua·c ·a·~~v . 1.sa 

~
+ 

-
... o.a pt'Ot<:n' re&OilaJl'C¢ !;ilvid.i and fl~Grath (1960} 



. 
t
t:.. 

l'l\.BL'C IV 

Compow.td 

!ta.,;t\12si,ae10.a·t2o 

~t3o (stcnn} 

t~O (ice) 

rta2oo3• MaNco3•au2o 

easo4 • 2llao 

0 ... H distance. A. · 

1.00 

0 . 94 Alld Q.93 

0.9ft 

1.01 

l.Ol ,! .02 

0.99 

..~thad used R~.iercnce 

pJ:Ot-Gll J:'<tSCYntUlCC: T'ai:s \:itOrk 

ne-utron d.itxraet ion Torrie (1962} 

:.neutx:on di££:racticn DaeoD and Onrxy (1956} 

:nautr'on di.fxraeti® Atoji and Rundle (l958) 

http:Compow.td


l'he dir0c.;tion ·cosi no.s o£ tba p-p t.~0Ctcrs C.Olil.pare 

wall with ~be following val ues calculated. .fro:.m tba co... 

qrd:inate.s o~ t1l0 p:to'h.lrts t n the unit ccl.l as Qea&urw by 

To1;rie (1962) \l$i ng neutxon di£:f..:actiou:

0( • .sao -+ .oao 

r • . 584 -+ .003 r = • 617 !. .oaa 

l'lle ,nngle bet·w~el'l the p-Jr'> line c.U.rection ealoulat~d fro~ 

tho :neutron d .iftraeti.on r ·. ults and. the p ...p direa't .iQn 

dbtainilo tn this wo.rk ia a. a degree$. 

ibGt l•u=ge width o-£ tbe 'COO~ t~~perature. pro'ton 

.t:eson~nce obtained in this w·ork.• about so kc ../• .. , i$ the 

v:alu expected t'rQl;) pr.otcm pA.izs w:itb a sep.ara'tiQD of 1. 6 

t>rov:idw.i there ia no tao'tion o:f tho :molecule. lt is <:.lear 

'tltel\ thAt t room te~tperatuxe the w tGr ot hydration in 

oatrol i te has. little .·•ability, u as repoKted by Oucroa 

(196J>) . lb• obs"t:ve<l narrnin.g ot the, $:lgn l :i.ndic::atelii 

tbat the water ol,ecules und.erg.o xapid an4 extensive re

ot ient.at:ion vd:t :n :~:isin; -.empfliratu.ro. Tbe linewidtl:l VQ:Ii'$\i&.s. 

te.mpexa1w:e j:Jlo-t stroogl;v &Uggesta ~·aJ tbis r~r.ient.atioa 

causes ttl$ l i newidth to :tall to z ·ro ratbGr.r than to ao~ 

~rinite value. It ia not l ,ikely tb.en tba:t tbe watetr molecule•· 

rotate about one fi)c.Q<t ~i · but rather t,hat they e~eeu:t4? a 

http:empfliratu.ro
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.tlore gen ral ·o:tion · t their la:ttieo i'tea.. 1110 appeurEmCe 

ot a very flil'..:'X'O\Y rosonaneo line n. high t :mpe7: turos i.s 

pJ:Oblibly sscciat. d ·:ith watc~: molccul s which bav becomoor; .

unbound in tb ~ lat:t.iec nd saltate trOli.l on~ wt ter site 'to 

unotlu.u: in thu c &mt ls o£ the cry t ..1$ ~· r~ ainino f"¥· · •· 

tor l.on.g n:eu9ft periods of time to e>qJo~i~nea an avor ;gin9 

out o:t di,polar in'tclt'a.ctionJh 14~rom 'the .ittcre ~ingly r pid 

uro tb ot tbi$ CO~i:lpon nt o.t tb0' abso:rption '· $ the tWiiptar~xture 

rises it enn be een tba't ll. ot the water eventually be... 

cor.c · unbound. a it t'.tU. t do cron ide:r:ing th irnpen<lin.g 

dehydration 0'£ tb cry•tale a't f>. t~pex-at\l~ . not fer above 

.260° c.. 
:r'n, dete~min tion o£. n activat i on onel'{ll.Y to1r tile 

roori~n't~tio.n. of tb~ w~tQr uoleeule~ b1 tta·t;colite ia a .5or,;.e

wbnt uncertain rnntt.~~ wben tt. plot of lini)Widtb vorsus 

t.GJ:tlpor· ture i&. empl.O]'~l... lbe ~~aj<Jl' d1fticult.y in this work 

it,; the problG~ ot dQ:fioin~ 'the linewidth ruld ob6erv:in,g a 

lug:e d~ren ~ in it witb ri·sing: tQI;lpw:a.tur~. Tbe line,.. 

width wa& 'takcan to be tbe ·~~r.at.ion. ot tbc· derivative~ 

paa~h& of that flOJ:"tion ot· tllt~ xoaon.nnee cbaractor:istic o:f 

bound pai.rs of protons, as atntcd in tbe t>xavitu.us ·cll pter .. 

~~t te:t~pera.t·ures b~lt>w .200° c.. tb l:ine.vdd th o:' each. recorded 

uorivativc could be m a ured to itbin bwt l kt:./t:!. no ... 

ever, above 200° c. tb nat'l!'OW si911al in the ·centoJ: of th .· 

resonance ·wa st~:on9 eno\lgb. to r;m.sk the .aignal wbos~ width 

wa.$ being to.ltM a a tlea$U*"G o the l .inewidtb for purpose 

http:t>xavitu.us


ot obtaining a value of' th~ aetiv;xtton en :;gy. l n suob en.s 

it wn.s o.fta:n difficult to d!firtcext~ine t ,h linewidth to i t .llin 

2 or 3 h:~./s . Furtber1 O:t' t:be .grc· t variation o:i lin£width1 

as obsm:vation ot t.b,o xt!lnon.anc~o was ropoatoo at ,fl givo.n 

t ~'m:atur ., CH.\Uses the · lope o:f tl· e lin VJi.dtb vorsea t :opur 

ture curvo to be ln ,s dotinite.. In addition the .assumption 

l'iu8 ltu..\dO tbat :fo~ 't'Ctl~l':AtUt'GG ~bove. 300° C.. tho liml!\Yidth 

appl!'oad:uro zero ratber tban r .fiaito "' lu~lo; 

~!"tta behaviour at tile .t Qnance liae is l1l.O~e CO'::a

ooond m.o~'l'en't witb toopeiil'a<tur • i1'o:r 4111 v.-\lUOfl ..:>f tet:lp.ero.

t re tb ·. second JnOl~J'lt ot e. r cording o.t t.he pect:rut.'l could. 

WiJUAlly b· dete:tmin d to within 1 x lO"'a wb. 2/m.~ , · lthougb 

th variati.on tor <:litt xent reco:srdiPgs ot tb- spuctru.tu at a 

g.ivQll t ·~. pera'tuxe ~Qr .. consider blo a . in tb case ox 
linewidt.h r:~a.su,..etiar.mt . r•b:ii:fica.tion ot equation (.3} to 

d ac:ribe the ebMge in s ··end s.omont dnpentl on tb.ore b"'inQ 

a fi}:ed ...-o.tio· butwoen tbo $eoond :r;:;or;."'n' Md tb.t squar-<t~ of 

the lint.~;ridtb. as tll line ~perienc·es rllOtional na:rr"OWing.. 

In tho ease ot. na'trolite. tbia ~tn.tio is not v ·~ry e<>ns.tnnt 

thus oot~~:: (!1;ing; tro n tbo 9i.uni£1cnn.<:El 0£ tlle v· lu.e of 

etiva:tion en rgy obtain d fi'OD second ~at me mr0meats .. 

. l·no valUQ: at' l\.Ct:i,v~'tion ene~gll' obta.tnced :for :t(!)OJd.~nt.. 

ation o.i! the ·at.qr molecul s in the ebanncla i not expected 

·to differ g;r · tl;y .from tho ac'tiv tion energy :tor exx,u.lsion 

o£ l:bQ.! .t::~olt~cules :fr.oo tbo channels :itt thQ f'or:;n of 1 i .quid va.tor., 

http:r:~a.su,..etiar.mt
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48. 

lw.o.t o"' :hydration o£ na:trol:i:te in tbe rcac't;ion w.i. tb li<;J~id 

"' t(~t' 1 :•bieh v lu · falls within th rnn9 sugQos'ted by 

'tbiu woxlt :for mol~cu_lat' reorientation. 
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