
f 0 ' r )rdr /f rL"j / a+!'tilll iiiFl pltll / Jjr adl\ i- \/r

N.M.R STUDIES OF THE DYNAMICAL
EEHNVIOUN OF METHYL GROUP IN SOME

TERT.BUTYL SERIES.

N A l(hlllc tr

D cporl ttu'] of Ph)'si cs' Col l egc o I lll ! t' 0 ! i u tJn i t' c r si t v of i l-'4 nhot

A I r s { r i c t" '^":I i ;  
lcnrpcralurc r lcpcrrclcncc of nuclcrr ( l ' rrr{on) rrpin latLicc rclax.ation t irrr 'r '

'1 
,.  l-hc tunncl spl irt irg.tnd thc hofprng ratc <lcpcntl upon 1hchcight antl t l l  t l : l : l ] :

, I , .  i , f ' , , f". i .* banicrio thc rncthyl rot i \ t ion rnd carry infornatiotr orr thc gr(nrJr:;

i , ,"r" i , , i"  
", ir ir ,"r_",t 

,r." ,cport", l  for a r.rnrhcr of srnrplcs contir ining tfrt i .rv

l, ] | t) l  Irotrn\.
1hc tcmpcr,turr: rang $'es 4k ro i00k'1 his drtr: lrrs |ccn rnrlyTcd to ovLtio

,,, t i , , , , , t* i".  i f t i  m0[nitulc; of rbc lhrcc-lol( l  1)olc]r l i i r l  birfr icr to rcoricntntir)n of r l l

" , . t1,t iL'", ' t .  
f ;  t f ;c rrr l lcr ials'  At lo\\ ' lcnrlcr;r lLrrc thc Inoliorr of. lhc.l ' rrt ; tr l ' lxrLi l

,rr,* '1*".t , '*""f f  y bc ncSlcctc(l- cross rclx\ ir l ior) drrc lo tbc dipolrrr rntcrlctron' r: ;

l , l , . f ,  ' t t"t"."ni,f  t i tat spir i  latt icc rcl 'rx;rt ion All  l)r 'otolrs of t l lc jramPlc ) '11': 11i l

""'t '" ' l ' i ' | f t nr, 'un 
"ascs 

ltnncl;ng is obscrvcd l i ir thc Iirst t irnc
' l  '  rcsul ts rrc usc( l  (o cvalt l i l lc t l l l rncl  f tcqt lc lrc ics i l l  o( l )cf  cascs

l lx:  i r l rportancc o1'col lccl ivc rnol ion ofnrcthvl  ! forr |s i rr  lcf l - l )Lrty l '

1-  I l l l  roduc t ion^ ""liit;-;;l 
group rvhich is folnrctl by lhfcc hYrlfogcn ̂1oms bolrlcd trr il

. int lc c lr 'bon uton' ,- i ,  nn" of the sinl l ) ]csl  r 'nt l  r l ro. ;r  conrrr lon grr l r4ls in orgl ' , ,c

" i , ,1 ,1 . i . " : i i " i , " f i " . i csp ino l t t , ccons i i r , rcn lp ro i . ' : rn r i r l i cs l l , c ! t roup.ccc ' rs i i r l . ioi ' , r ' i ^ ' ; i : ' ; ; i ; r ; ; ; . ' * ' , . t ' , '  , ' ' . t " " '  " r  ' " r ' r  r r  r r r r n r  r r ' r i .

tr. , l '1, i i ," i i ' l -  ; , ["1t l 'obc of thc molcctr l .r cnYiLori:rrcri t  rr 'd .1csr lrround 1'of l lco I

in lcr t  brrt11. 
- l ' l rc

'l 
hc rcJllrll:i 1;rl!lgL rl

ol molcculirr rot lon.
'fhc mcthyl grollP has bccn uscd

rrrl nrolccttlcs motion in thc solid slatc'

b\, a numbcr ofaulhorss ns for cxa plc

i rs lhc i l lc:r l  Ino( lc l  systcnr 1-or slLldy o[-r tor i rLc
' l  

hc rcsons l i r f  l l rc choicc havc bccn discrrr ;"r ' r l

iu rhc rcvic\v by P[css a]rr l  t l rc rc lcrcncrrs ' rL 'd

t l r c rc  in  [  1 l .'  " ' ""+l ;  
hrnncl ing rotal ion ol  lhc CI lr  is u\1i :r l1) '  dclcrrrr i lcr l  by. lhc nrolccLrl i i f

.nvironrncnt oIthe group rvhich scts Lrp ]rotcnl i r l l  l ) ' r r i r fs to lhc rot l t ion l )Llc t{)  1i ' t

;i;il;;iil-;-.o-ui. 
'it''" 

pnt.nti^t hni er lcr"t l-1rl(l :rvn,'mctry' Mcirsurenlcrr" of

lhc CII l  t t lnncl  spl i t t ing at loN lcmperi l l ( rr t  l ro\ l ( lc LL\ \" i lh ' iuurLf 1c ! : r l t rc\  l i r f  l l rc

","t i iuia" "",] 
. i*p" 

"ithc 
potcntirf bati 'r ' i lLrn3 rr irh pr tt l ieLiorrs l l 'r t lrc hicmrch .l

i"r. i"""ir,"i" *nir. ir lc bairier. The rlynrnrics l)cL)rvioLrf of cltr crn by shlclicrl :1n(l

i"i i ,?;d l" t"t., of cxcilations rncl rclrtrrt iorl \ i t l) in lhc l inoNrr hdder of cncrglr

lcvc1.
Dcspitc thc appi l rcnt s impl ic i ly of  Lhc sJ'sLclD Ll lcfc hls rr ' iscr l  a fundrnlcnl : l l

, t ; . trnro,nu i iui"rru i"g.rding Lhe thcorcLicrr l  d'rcript ion ol thc t l l 'nlmicnl qri i t t i rrg or

,..  ,-, i"",. i1- r l tc. bl rhiothcr hnrrcl rhc r lrnlrr ics urc dcscr. ibcd Lhcorcl ic^1ly Ly

t ' , . .  ; l  t ' r ; ;r;" i ; ;  interacl ion cxplicity an(l oic l lrc oLlrcL thc r0lc of l |c fhorons is

,..-. . .1., i1i1 l  l trermal bath to csiablish ancl ntr i tL. iLr l i . l lTrrr irrrn 'oPL I i l iorl  Nil j l in t lrc
'  - -: : l  l rr ldcr oflevcls.



f-0 , t" rtll ,/f rlM / b.i,,L_j ! &t,ll ,.:tLlL / Jj! nlrLr

,  
]-hc, Ialtc{s has bccrr appro.rch ot. Ct!,r3lr (t  .r l  (2, j).  I lcrc Llrc

|h.uonlcnolcJgical modcl ofS., Stciskal rr, l  C1rr,,, . ,1.r"1.1 fr." Lr"",,  nioj i f i ia-oru u,"t lLruriuDr r lcchanical priDciplc lbrrnalizcd. to Pfovi( lc iL . iuglc p".un,cf". f lr .n,1, rn\,r ir ir l)  thc o' ly variablc is thc birrr icrs hcigbt. . l .his 
i , ,  ; , ,  * irrr" '", ,o-i fr"o.l".  ,"f , , . f ,r i  . tOi lucc,

l ' l rortu 
. 
uttcf irct ions cxplicit ly iu rvl i ich rrrLu)y rLti  i  o\v cou|trrt!  lLrc rnvolicd (5). . l  hci,;r(criai i  choscn.for this. ir lvcsrigarion-arc (crL_Lu(rl,Dilr i(c, 1c;_ irLrl),1 lrr.r l ivl"t t ,c.,Lr,t butyl !cro\id alrd.pival ic acid (2,2,dinrcr1r_r I 1;ropiorric rcirt) r, ," 1,1.f, , , f" j i ,_. :Ll;. . . . . t  t , - u t  I r o \ \ r l , c r c j - x J l i o r , , f { C l t . , . . , . , r . . .  . .  .  1 ' , , . . , " . . . . , 1  , i . . i . f , . , . . " *L  r  r i r ru r l  L ' u r ) r  a rou l )  \ f r r cn  r r  i s  i n  co rL : r cL  \ l i L l r  ( l i l r i r c  r . l ou rs .  l hc  co1 ) ) r ) r i . . r 0J rl.Jtr 'ccD 1'c '"orio'al s'ccrrunr of ct i t l i rcrr (Cttr. , , , , ,(. , i , i .  , , , , ; i  ; ; ;"1; i : ,1' i ,  , , ,"l t .o lccul] f  s l t  ucLuf c.

.  . l  
( l t is \ \ 'ork thc tc l tpcrxturc dcpcurlcrrcc o. l . t Ic nLrclcar (protorr)  spin I i ,  ,ccic l i : ) . rLt iorr  t in lc (- l '1) ror.r l l  rn:LLcr ir ls sruLLic.  rLr or, i . r  Lo rrorr(Lc a IL]1lrcf  lcsr or Ll lc. : r l i d ; l y  o l  C l o u g h  c t  a l ' s  r l l o c l c i . . I ] l c  t c  r | . L i r t r i r r  ( l c p e L l ( l . l c c  o l . . l . L  i s  c a l c u l u ( c d

: l l c i l s l l r ( J  I J t . t , . t  
" l , l l l t  

l : ,  . r :  . j .  i .  ,  :  1  ,  I I . , . L . , . . /  . I L  .  L ' , , t , 1 t . , . . . , 1  s i l l L
I ) . r l I I I ( t I | , I I  v . r t u ( 5 .  t 0 f . . c l . . i l ( ' l  r . r t . .  r . . . . j  r l . .  . \ . . i  . , . r . , .  . . . .  r r * . i  i , , 1 c r . r r r r ,

L,.c r: ipcr ucnhl ulcrsurclDc|1. 1.\Llclciu.rnrgrr(. l ic rc:o .urc.: turrIcl iu11 (NX4l{) ir  Lr
" ) l r ' i i l L r l  t cc l l n iquc  rb l  t hc  i nvcs r ig r t i o ' o r - ro r i r r i o . i r r  t . nnc l i . g . r ' s r ru r i r ' o l ccLucs  o r .i , . L ) l . cL r l i ug roup l i kcC l l ; ( t ) .N iV IR i j : j c r ) s i l i vc ro r ro r i L r r ro l . ; , i o to r r , , p t , , r r t , , . o . f t , r f , "

Ll ,  i ro jc  -  d i lNlc  i l lc ract ioo.

: - -  i : - \ l )c i  iDlcnt i l l  l )ctrr i ls:
i \ lc lsurcrncuL of lhc Cl l t  tLjntrcl  r j l ) l i l l in: l  r r ; i l l t  r  ip, , l r  Ll iyroL: cLivcn i . , i  I l.  ; i  . l l l tc t ,  r t rcasurcl tc lr l  o l  proto| spi  l r l ic.  j r l . t \ i t t rotr- i  r .  \ r . tc | i l ( lc ol t  a pulscd

. l . j \111. t l )ccl folnolca systcrrr  which ol)cj . r lcs iLt  _l l  i \ . l l lz.  . \  r i r tLL i r t i ( )n r ."u," ,y
l . . l l r ) iqLtc \ ! i rs crqr loycd arrd rccovcL.c,: l  r i r l , : r rrLiz| t io \ \ iL j  oIr ,crvcd 1o I trow.i i l )olrcnl i i l l ly within cxpcrjutol t tal  crr .or.  r \ l l  o1.:r . lLt i r I t  L, i  l \ .1\ l  l i .  s lcct l .ol l lctcr
: ' i  5LcDr \vcrc i rutoul l tcd Lrsi l lg l ,SI- l  I  r , t rrr  ,  rL ) ,  |  )  , l r  rr  I  l r .  ,  r fpl i  *hir , r  : rrc
l i ( r i r id r l  roorn lcnrpcletLrrc rvcrc disl i l lct l  urrLl  surr l . , i  LL rJ-.  , , , ,  , , ,  , l  ( :0 . '1.or,)  i , r  , t turs
slrrrLplc lubc ibl lorvi l ]g rcpcatcd scqocnccj ol  l r rr / \  l , !L,r ;)  t l r l r rr i , :1clc to cl i t r l i r rr tc
or l  gctr .  ' l  l rc cr loslaLc i l lcor lx)t l l tcd I  solcLrrr i i l r rL : ,LLlrrr . rr  r ,  Lrtr :  ) : ,  I r i r l joct ano ro
r, ,r i r l ) lc tcrr Icralur c ooutrol  withio thc vrr  i .Ltr lc Lcrr. ,L.r  rLLL. u i  : .  rLi  rr . , r  l , : i tcr  t l raL u.I  k
t l r j  i )ul lhout Lhc lontpclaluro rangc.

ln l l is \ - \ 'or k t lvo fLr lscd N. i \ j . l i .  \ t ) r . rr( ,  rrrrr
r j l ) .c lrornclcl  opctat iDg at 26 NI l lz rvas LLj!rr  Lr,r  r . :  t , ) \
l i r  r l :cr  phrscd N.lv l . i {  spcctroir lotcl  \yr cr r)prrni  r(  , r(

| o r ' f l  c x p c r i t i c D t s  1 L o  t c D u c r i l ( ! r e  l j u L \ r r |  r o o r l r  l ( | ) l r e L r L L | l r c  a n d . l k  c o u ( r
bc rcachcd by puu4ri t rg hcl iLrur i ionl  t l lc biLt l t  : , r rr , j tL lr l  r l rc \r  Icfc()r) \ lLrcLiug t l t i rgncr
rnlo a dcwiLr vcsscl  rurxr ing thfough i ts cel l rr : . .  I  l r rrrc.  r \ncL., l lc v lLl !c contr.ol icr l  tho
JlorY ratc.

, , \  f ic ld cycl iug rout i l lc was clrr I lor. . ,Ll  l rs l iJ l loNs r,)  scur Llrc frotou .rr i tL
rcir lxal iol l  i l l  lho lcvcl  crossing rcgioD. ' | re IrL-ncL /r l r ( jN \ \  r \  s lLLuL. iLL!.d wjLh a buf: l
o l  90 pulscs aDd thc nlagDct ic l ic ld l l lcr l .s\ ! iLclrr( l  i I r  Ic( l ILrcl . . .  (0.1.1. pcr sccold) to r i r
i l :pccl io[  f ic ld thc rcgiol l  of i ] l tcrcsl  whcrc srfr I iu \ \ iL l l  fc i i  . r , j  j i r r  i0 scc. Tlrc t tctJ
r,r j  thon svr i lchcd rapidly bocl i  to the sl)ccio|r ! l \  o l ,crr t j f  r  Lj ! l ! l  i l ] rJ lhc |J, . .  . , . .
rccovcrcd rtagnct izat ion mcasurcd tvi th i r  90 ;r lst  L.epcirreL :r . .hr i r i rcrtrcr i i rnl  thc
rurr j l )ccl ion I ic ld mcthodical ly dt cach st0l)  r \ rrc r I i r !  ((r  . i f !c L, i  I  lhc turxl ! . ,D!
:r |cat la.  ' l_hc 

sat l rplc tc l l i )cf :r lurc wts ac! 'Utr  I  I  I r  tLi  ,  . r  :  .  l r i t . , r .  :cr ic prCslrrr .c,

: j  \ \ f r r  LL., f ( i  A spirr  10ck
l r . l , l  ! r | . r i r n c r l t s .  r \ r J  l h c
l l L  I l l l z  , v , , :  u s e d  1 i  r  

' l r



I

. ". ..,:,-""_,{l:" ..",,  ̂ 11j:,l lt l, tor f.iv,rrir- :r,.:,1 :,,.c sr ,,r.,r ir .r. r/) .ir rbf.  '  : i  l lon I rcqucncics of500 Ml Iz .  550 i . l  z .  6 / , , t  lv . . . i , r  ,1 i1 . . . . ,10,  1 . , " i i tSO' : : : : .  
Thc . " - : r l l  show a  c l ca r  Am: l  tm , ,, ;,,",i 11' ri:.r2" iiii',iii,,iJ;: ,:ililli ,l.l ili li':l;: ,iill::,;lTj

:. L Tl vcrsus tcnlpcratrlrc
in lhis scction thc rcsults of tho Tr nrcir\Lr.cIrcIts \. i l l  l )c l)fcscrrtc{l  an(tco t t l pa rcd  w i th  l hc  p rcd ;c r i on  o f r vc l l  cs r rb t i s l , eL t  , , ,  . . , , i , , , ,  r , " , , " . . u  o , f l ; i i , , , , , l ,  , u "lr0und lorsional statc (h,\,r) and tcmpcrlttrrc irr \ l  l j  r  i ,  , ,  n,,, , , , , , ,  1,,, , i  , i ,", ,  rroffbcconncc l cd ro lhcmo lccu l r r cnv i ro ;mcr to l . rnc r l , r , l  

l r t L rp  , , .  ,  , f ,  . . i f . -  
'  ' "

l laLrpt (8) hes modif icd l l jc classical I ]Lr'rcrcr spin ia,ricc rcrirxarion rrr ,;;;liii]lii iiL "],]:,i.i]],, i]lllii],1,]ll'],,ilT::,i:i( lcnsi ly funcl ion which rclntcd to thc lunfcl ir l  o1-(. l l i_
I , i q . ( l  ) .  f i r 12 ) ,  f i f ( l l - 1n r t  F i f (4 ) , l i sph , r , ,  r h r i ' r . . r l  r , ,  , r l  r nc r , . . , r . c r r c , rL  u1 \o r r  l t r c  Tc f r  _l lr l tr ]  

l ;rr i t : . ,  frrF Bur)t- rrrcrtrylcrtrcf. I i ,r1. i  rryt r,",  , i , t .  
", ,  

i '  t ,U 
"i i ,""ua.

1 ' t op ro r r re  nc i  i _  ' c \ncc ' i v ( .1y .  F ig ( l )  \ l r ^ \ \ s  t h r  f . :  \ i r 1 i ( j r j  I  t j i r r i ou f  , , 1  , " , ,  I  t r , , , u ,'  r ' r 1 . .  f r  m i ' | l i | i  i s  o r \  l . r vc , l  : '  t 4N  E l : .

A  pc r ;oJ  q f snmp le  n | ^c r i r r . r l i nn  n t  h igh  n  ,g | l c . i , . r i  11 .' 4  c :  c l l  scan  i n  t l t c  n ) r0nc r  o f  l hc  l cc l r r . i 11 , , c -  r , . . . c1  .  
. .  . . 1

3- Rcsrrlts

' l l r .  
1 , , \ v , t cn r l c r , r l L r r .  r r r i r r i , r , r r r r r  i s  . r \  .  i r ,  , l  . . i . l

n ' \  l 0 ' I l z r r t r i c l r  c n r r . : f n r  , l : r , , , r  . h  , . .  , , .  l l
Irnc rcprcscnts i l t  nsing thc rcoricntr l i()rr r ir lr  ci I
rnorlcl Using thc calculatc(l  l l l rcc j iLr o:rr.t  cr
reoplcs rvhich contain Tcrt But),I  ( jr1)Up C_ ((.1
lcft hulyl pcroxid rntl  pi lrr l ic acit l  lc rrclLr, i
rcl i : ietron o1-(( l l  I t)r chenj:cs.

r..0 , t,r).lt / rh.i / ;,;i l_ill!;iil-_ti /r!lJ ,, J,L, in L iJ,.

5"1')  \ ! , is nr idc l )r ior
cl  l  (6,7).

Llre rrrL,ur '  r . t r l  turf . l  f i .c{ lLrc, lc l ,  of
i r f r c f  l r r ,  , t  o 1  ( 1 0 | 0 k ) .  I h c  s o l i L l
r r  l l t c ( l  l l  , r ) r  n r c l l r \ l  l l r r  l l o n r c ( . r
-  i ! l r l  f  J l  Sl()r . ( .  .  i f rpL. orr , : rnic
i l r  j r c l r  I  i  l ) L : r  l r r r t l r r i c l l t c r ,

1 r ! ' f  I  f \ .  t r l ) 1 . . ,  o l -  h o \ 1 ,  l l ) c

I
'  

:  
- c | t ,

l r r  sPin l r l t icc rcl ; rxat ion l intc vc{,bicrvc rwo n,irrin,, rrrcsc "," "1",,,i]'';l,l:iii', l,i ;;l :;,i'ilii,li 
,,1,,1.].,),:

r J r l  r . s ' i r g  i n r l  l c  i I  r t  ,  r . l . r \ : r t i J n  l r . l r  .r,,rticcrcrixa,;o'rrr rr;;:;;;;;;,;;;',1:lii; ;l .lili.i,,l: iil,ll;]i ii,i;il';i' l r o l r v c t r  
v ,  r c r t i e r c , t , J ,  I , i n n c t  s l  l , :  . ,  , . ,  I  \ . .  I  ,  i , , , , , , ,

l r r r " rg  I ^ r  "nc ' \ n r l  mc r l r r t  n rn |n .  : s  n  \  t  i i .  ;  .  i ,  , . , , , , , , ,. '05n k. f iJ '( l)  is r plor ot i  vcrsus rh,,wrricrr shoiv.s rhc ri ",;,,i,,,i",'"i'ir:',,'.r',',',ill :i:,lili,i lll,l":1,; I l],lrii:-]llrl ir lclhyl proplorric acicl (CIL)zCoolt orrl j t:, ,,, i ,r i,r:urr , ,, lk i:;, ,) ' l l" i l l ,  ; i ;rrpdil lc corrclarion curvc of diJri:rcnt srnprLs rnciLr i j  rg trr i,r r ,,,, ,, ., ,,,,,,, i i ,,*o

3.2. ' I 'hc lorvl icld mc:rsurcnrcnl in tcrt jr . \ ,  l j rr\  |  i j rorr l) .
_ I-orv f icld N.M.R. mcisurcmcnl ,, f ,  rf ," , , , i . , .1 .;pf i i ,

, , , , , 1 , ' ' l  l ' " " r  ; r )  r c r r ; . rD . , , , r t v t  sc r i c " : r r  .  . r  |  .  .  .  . .
|  . r . .  r cvc l s  t r r i t l  t l ) c  , n^ , J r ! l  g fo r r f \  r i . r  .^r)crgy r. ngc.
l 'hc nrolccular slr!clrrrc oftc _ bUtyl hu. i  ).  tL) l)' l  

hc low f icld NN4R dala Ior this scrics l , :  stror, r^ l  n rx lnc t i (  f i c l d  i n  n i f  r c r s r r s  t l r c  r l : . . j r . . . . . . . , r  .  .' Irnctrng 
_lreqncncy of rhc:c 51r,|.1.,

:rn(l  ' ,rnn^l f ici lrrcncy clr:r I
l l  c^lI |nncl Ircqlcncics rrc rrcsrrntct l  l^ . . ."
rrLlcrcnt srmnlc.

'  r;  S i i : i r ,  ,  , irr is ir plot
, , : 1 , , .  As  , , | , , r . vo f  t hc
f ( i  t  i t  o  r t  c r |  scc  i hc
t l r c  ba r r  r  t r r i ! l r t s  rnd

. r i  i i rc ( i trr l  t ici( i  fof



lc i l l r i fc luovcs toN', 'ds highcl  l ic lJ as { l )c i r ' r r l i r l i , , : r  lLcr1.L.rr .v is i l rcr! . r i ( , \ l  \v i th thc
si . lcbi l rrd di iplaccutcl t t  rc lrai l r i lg cons(i l f t .  l l ) .  , i , . : . rs irr1,  l js vcr), :  (  al  th(_-sc
fr , :cucloics as notcd by clough cL al .' fh is 

is thought to bc duc to Icvcl  cr, 'sst  rrr  in t t rr  crcrgy l , . rc l  t l iagrar
o c ; u r ' f i D g  r l  8 l I 1 '  [ 1 2 ] .  A t  o t h c f  i r r . . t d i a i r , ) r )  t . c (  L ,  r ! r r s  L i . .  r l ) l ) c f  s i ( 1 , .  r ( l  n l l y  I J c
1l)olc i rLlc l t jc thiLt  thc iowcl.  ouc, or bot I  ut iL\ .  i . . .c s iLtr  I  i r i tcnsi t le .  l i rc Ant=2
s]: :c lr : rm ciur bc sccl l  ccl t tcfcd ai  -Sn1' l_.  l j r ist I r .15i  L)|  or!r  .  i t t  l ickl  gir  r  r  by i3- t rr
/21 [ i ] l  \ . ,1rcfc o is t l ic appl icd iL.radial i , r  r  l i t r l  r i . .  arrrL , , ,  ,  .  ,u,r ,s ci  .  , lcbands.
l ' l ic Lur] l lo l- l icqucncics Lavc bccu utcl  rce.r  r  j  lour j  i )c cr l t i , ,  (1g215),
(t l2a-5) rd (90a5) KHz.
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L  '  r t l ' l l r ) .  i  c , l . , t i r  l , , r
l r r (  -  t r uLy l  t r c ro r i dc  j s  vc ry  s im i l : r r . ro  1  . r t  l i , :  , ,
ir , id). , , \  lyjr ical cxa|rplc is shorvn irr lr i l ,  7) t i ,r  . .' l l r ;  

, \ r n ' l  l  d  A lu=2  t r ; u l s i t i o i r s  c :L r  , ras i  r  i .
l : '  l r  r , . i  .  , i .  - r  r  1 7 . '  , r r  . r r . i  . :  .
r l ,  - . , .  I  t ,  . , 1 .  i , r  u t l r - r  i . r r . i i . , r i  . r  r .  .  :  .
\ \ ' i iy L{r lhosc scc i  pival ic acid.
.l- IJiscussion of ' l 'r Ilcsults

Lr I i  (2) rhc I)roton rcl lr l t ior t l  re 
-t

.r l . t i l i -  l 'hc l ir i t  cxn bc corrl idcntly lssi :rct l  tL,
\\ ,r ihir) lhc tcrt ir ly butyl gr 'oups. lhi: ;  rrr,  , ,rr r.
l ) . , , ( l )c rc l i r t i \c1y hiSh tcnl l )cr i r turc i l t  r i r  I  Llr  '

r :  )  s i : l l i l l l j r t l t  rolc at lh is tcnt l )crr tuic lLIr  .  )c i  
'

h i ' l h  f u r D | c f a t u r c  r c g i o n .  l h c  l  t  l t  l l t c  i l l i  r :  l ] r :  .

l l  r  , r l  r u  r  . r l l  r l r  l  J J t u r r . .  r  r l .  \ . r  .  I
l l  l L , \ , , ,LL i l  l ) c f . l tu fc  n l l l l l l l u l l  occu lS  r l ( rc  L r  .L  l |  .

, . r ,  lL r1 l tX.(2) is lcnrrrkablc bccuLLsc thc l rL,r .

l j  . r , : r i l . lo ci i | l i rnat io ior t l r is is t lurr  th.  f  : l \
i f r . ) |cr i l lurc: ; .  l 'hcrcby ooDtr ibuLirrr l  l ( )  lh,  , \  -
l l rou|s bcgin to rol i r lc withi l l  thc I  L)rLL..  : r( ,
i i l ic lLl ; ,  ( i r l lc dcpcndcnt dLrc to t l )c ] ' , l iL | l  L,
r . l i l \ iL l ior duc 1() t l rc dipol l r  i r ) tcr i rr t  . )n!  .  I
r . l r i r i i o r r  - l l .  C o | : i c q u c n t l y  l l l  l ) r o l o n : r , ,  I
l ; . ! lonr j  o1-:L singlc ntolcculc lLlc Ic .r \c( l  , \ ,  i r  .
: j r r .cr t l l lu l  i f  thc groLrl)  wclc i51 i r t !
lcr tr l ) i f iL luro nl inirDul)r  o1 l ig(2) is du, 1,cr .L I
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5-  Conc lus ion
ln lh i i  \yolk ncaiufcnlcl t  oi  t l lc , (r  f ,

: ; . , 1  l : . l l  . .  r ( l r \ J l i o , r r . r r .  ( l t l  . . .  r  . . t -
i r c r o r : i d c ,  2 , 2  d i l D c t h l , l p r o p l o n i c  l c i , L .  r t  r , . . .

'lhc 
rclil)irlion is causcd b, t|,

rotcl lc l ion by l l lc lcol- ic l l lat ion o] L r ,  l
conslrLucnl mcthl  group (CI13).  l t  i :  r .  . : : r i ,
. J U r : .  t - r i  r .  i :  - r r p c r ' . r . r p .  , c J  o . r  t l , .  r  ' t . '

t h c  i l l v c s l i g a l i o n  o f  U r o  D r t u r c  o f  | l ) r , l c c !  . L ' , . .
our cxpcrinlcDldl  worl i  iD thcsc slL ) ]  r lc t  ,  r"
laatufcs ol  lhc gcDeral problcm ol-r  . .  11 . '

solids as lhc tonlpcraturc is varicd.
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( lcp.ndcnccs oI proton spin - lal l icc

: i lxnplcs containing t-bu1yl groLrp $
vcrv prcciscly during this \ \er l i .  l l
pryionic acicl .  lh is is thc f i rst  t in: ,
Dllryr grouPs,

Wc intcrprct thc 1'1 nrinimrrI
cl t l .  this is uscd to cstinri l lc thc r
fxnrplcs. ' fhc donrinxnt lact cnrr
chrfrclcrisl ic lcnrpcruturc of l '1 nr
ri : iul ls. Wc rttr i l )utc this to thc ir ir
hrl), I  Sroup as i i  wlrolc is not r,,
l lcqucncy is cxpcctc(l lc) bc irbout i(
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h._t\\( 'cn lhc l IoLrp is cxpcclc(l  lo I
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t l rc \!holc !troup. 
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