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!',\.' IIl\l"ln~lrdlt llc f ' r lPC niques , lncl\l'"'!in~ p~d~t' F'uri.t' [' t r anst no- (FT) 
ari·r~.,ch~sl h.1\.'l ....... t h, n ener.'llLy us.etul f r " III R.l~11p.~ h(lCaUClC ,f (1) 
t!t' ("xc ssiv lint t,rj d.dl-nlng ~"" to dipole - dlr I., lntt'r:lctior:s bt n.:c!t"n IJC and 
IU a III tic dip I. J") chemic.l! sIIlft anis") r pi~" (1 t· rent shleldin' 
valul"s ~ r th(' ranv It(frt~nt orif"n~ati ns of tilt m h'ctJlt 5 f.n ."In am rrh"llis 
st.ltl' \.11th res t thf ma~nl [1<. tit lel Jircc..tt. n) , and (3) 1 n;t 1 \: spin -
Ll ttLce rC'lth . ..1r 1\/ i t 'i (TI ) ' A LL ,If d: st:! rr hl(,r:1s arp pllmln.lte" in 
l i'lubls (or in t~1 ,,' f 1 n !l \,<ll~H':CI , nt l".lSl srt~J,t.ly rp.uucC"d ) by th(l 
n~r.:.l1. tumbll .. 7 Ll ". ccurrlnb ranu mly in th(' liqui-i S';.ltC'. 

}-" .... r.1n ana1/ t.l chniqllc in thl~ ~if Id tJf f ssil :'Ut Is , th(' con~ f:linl 
t-, litt1l1d ::,1' '1 ... 5 b(I vcrv rrstriC'livt" F("Ir m,H1Y typt:s of s ... ~!"!\pl(,s, 

"bO , oil :11 ~nJ Vplc.ll c sIs , cnty tl !l:rnl1tl t r a ti 11 of thl' ,Or nnle 
s !>~l.l"'e("s c':11 ,\\. eXlr.1Cltd r rn a 8011d un·lt r Mild con ti ns th.p woulu 
b ~)q:ect,"'d [{'laln th~ l'rir.llry structural intl~"ri \/ of llll) rs.lnlc 
c rr.p nds 

tJ v tared tcc~niqu(l!ll lJ!'rd fO nnrr ~ til.:! ir.f:!iI of IJr. nr.·r ~i nels 
in solids /,n' ht h r ,.cr IH rl ~ llpl1ngJ anJ III: lc-31.g!~ "rinn1ng.'·-7 The 
fornl r ill\/' I\'~5 irraJiati n of lht" rrot n .lnt '"'lId at the l~, r escnfPlC':(! {requI·ncv. 
I t is lin ~Ol1. toJ the c 'r.l',n "5plll - d~e up ln~' " tl~f.:l iq'JC ~cr f>limln.\ in" ~plit -

tin s JL to indirect spin- spin court!n. in stan~ ... rd htgh - rpsolucion nr.lf 
('xpcrl ... f lS; ~ut it r('qui r es much hi.gh r )adip f f\~lf·nc'\." p(''''''~r l hf'cnuse dir~ct 
dlf l.Jr I JC,IH illl<raction. or .. c,uch la r a'r than In!llt c~ DC , H coup l ing 
constant $ . 

Th 
the 
n .... C'r.l lhl- r\.~on.lt\ r p\.)~ t i..,;l1C1 Cal rc JI' 
of J rlicul.:lr Yr<' of caruon tlte", i.n tt 
tlu t' u I d bt! CUI\.'! r\'t:d it the 5amp 1 e w, n 
Ihis is bee3u~ thl' anisOl r pi.c P(tl"C ,~ , 
m tIfe f:lctC'r whil..h v:l nishes a ~ a vah 
Ot1t .. ' en .1 shl('ltlli.n '~c ns r 1.x15 In·! tit ... 
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Thl? n'r,lainin' soun" ,1t linl rC'nJll\in~~ expected (It 1\ .. rt.'scnancr"! in 
solld furls is tIl!' disl~rsl not (is tr pic) ·:hcc,lc.1 1 shilts 01 ,. ~iv~n 
cl.lsS f carlh.'n atems O\'l'r a ran (' dUf? III sut'ltlt" structurll dtlu'rt.'nc{'s 
n!;s o~i:'1.t(ls · ... i " thp COr'll~t,.",< structural v.1ri.lticll!'l in !I; uc..' l, sampll"'s. TIllS 
disrl..'rsion of chemical shilts i:q !Ll r f'm \t.d ~y lhl- u·cl) .... iqll(!s di5CUSSI·.,j In 
th.s l'.J~'lr , i1l1d is ultitr.a Ly il ',nuln..: S lII-Ct' t 8ltuCl r.,l inh·nr.ati.l,n. 

Th~ lhir t pr hltr:1 r.wntioncd ::l~ \'~ f th long spln-latll C'l'" n'l:lx:\ ion t.iroi's 
in solidi., is ('irctl~\'t'nlt~J bv tie (hv~l , III hy·htlgh anI! C W r~, rfi "f Ct S!II 

pC'llari.:1.t.ion methuds , or l'r t n Enhl1 ('I d r.llclc;lr Ind\ll'lion Sp, ("tr~!)c 1'y.' 
In Cl ~s pol.lri-'.llioll llll l'nh.ln\; d L\C r,:\·ntlizlli(ln is r.chh"vtd 'It a r .1tr' 

,"uch l,lQ\ ".n th,' .ll~ "r r~.'l.lhli'h nt l nn ,quillhril'r., IJC m.10.l"·U'.1-

ti n vJJ. C spin .. t;\tti('t~ rf'ln){:utrn. Thi~ is RchltVtd bv lh(t lll~~l'in-tc~k 
rr.,",',I.~n ,lthl l!l ,Sl,hliGIUl,nl" 1I.Hlrn.llIn-ll..hn" 11,.,,1 ns, , 'ell . "1111 1' , 
, ... ht.:« '<. :lnd 'a nh' th m.l~n C. ryrle 1"ltios I l1c ~ncl lu , n·sp'ct1\·cly. 

Alth, 'h sevC'raL vOlrintiL)nS ot th(" t .. t·ncr"L ty~'t' of cross }lolari.zatio.1 

£" ,r
l 

r )( nt holYl' ht ell 811 ~'s tf d, h t nl f tT'pLc\'t J n thiS work is tha t 
ori 'in.ll1y ,I. ~C'rUwtl hy Pin"s, cabby alld ·'I,\I,.,~h'J !.I.H 13<.:; it is shcW'n 
5th ... ltic,1l1y 1n Fig. 1. Tlw \ott)' 1l"illl1\1 n'~r no;ibLc tel' the suCCt'S9 ot thl" 
cr SH r l..lri',1ti n lXi('ri {nt tor 13C in ~ Ii 5a"'p1t'" is th(' rapid tranSI,,·r of 
mOl~nl t1"~lti n t1" r.\ fitt prote'n spin ~[t to the IJC pin St".t undl r tilt"' H.1r

t
nlnn-

H.lhn c n!.lith.ln. this lr:ln!"lcr i',rmits thr. rst,hlic.ll/:\ nt and rcpltitt\'~ r'l'st.lbttsh­
tnf'nt of th 13C spin p lall"atl ., n .. cdcll for I C l\o"'r det l' i n, wittuut w.litlllg 
the Ion'" ti ... (thr l tC' fi\'e 1JC T t :5) r--iuircd for ('~l.lbli!ilhr.l('nt of tilt' 
rot:1riz..ltl.C'~.Y..Ll n)~.d t1C spin-lattler rel:tx1t.iC't1 rroci "1.5. the o(p'r1r.1cnt c.'}n 
t-l ft pl,11\ld 11 tl r "";;11 tin lor ttlC pro~ n~ t r poL.1rilt' (thr('r. to fl'f" In T1

1
!!!), 

This n 1 In.l zatton is f,tlwrAlly ;'\ much more ('(tic cnt fir ccss thilO C 

repo l~lri 4!.ltioll hy spin-la.ttic pr cf'S:1It S. 

Usin~ til" cr.ss-p larlzHicnJhll'.h-1' w, r III dl'cou"lIng t chni~up , DC 
spll'tr"\ al t,t! tVpl shown in Fl'. 2 .... ;\. rc \ bt lin..-J. A \,3rietv of l3ctorS 
prC'clu.jp \lsin~~ 51 ('1ct1'·\ cbtnlnl'u in ttnt; w:ty~'y hr th7('~1I.1ntitativC' 
d •. t\.'nnln.ltii"n ot till' aliphatic carhC'n/.1rcro:l.tic cal"hen rntH" , Tht.'\se L.\ct or!ll 
includl' clll,tnic..lt shirt ..1llislItr ples .:l:\d r,..lated pt·ak \Jv~rlllps J unequal 
cr ss-r"lariz..\ti"'n t fficitncies :lnlJ thl' unlh,ltf"rmincd distributh:m \ll rel~van" 
pral l,n r<.lax:l i"'n tiI11p.~ . 1111s current limitation can br eli.minoted only by )'\ r­
c crning or chnrnct ri zin~ th('sr. [actors, n suhj('ct of continuillg r('se a rch in 
tlws(' labor~lt(rt(,9. !'~('\'(>rthel(>ss. we h;1V~ "St'fVl,\d ,'\ vt'ry intl'r('sting and use ­

ful corr,'latton obtain('d directly trl'4'!1 thi. r:lW spectr .... 

tn the ~I ... 'ctrn of lhe typ ~ho' ... n tn rl~~. 2 , lhC' ['("hien to thC' rtsht (hlt;hcr 
Shll'lJinG) ot th(,' nrhitr<lr~h'-Jr:'\w1\ v~rtlCOll ,las l J line can hC' itkntifiet\ 
Inr ('lv wi.th the n;sct\"lnCl'~ 01 alirhatic c.;nrhc ns, ...,hi1(' the regt"n to the lr(t 
is 1~S l"",l[ \i tn.1.Lllly witl nr('t"l.lli~ (,rllbellS (p' rl.llr~ ~:lllmC' olefinic eartHln! one:.: 
c:1r"- ~"1 cnrb n3). If t lC .lr .1 \In,II'r the s cct.!.l.Im '0 the lett )1 ':.hl' tine .. II' 
rcftrn t to as A, thc.1rfIU to the right nft ,1 , .:11d till rOlll ..1n','\ (A~) \5 C , 
then A C is ((,ughly lht' fraction or total ll I'ganic carbon that is aromdtic and tile 
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is r\."lughlv the' fr~C' illn which is nliphalic. TtH'n, if P is tht..' pcrCl1nt (by \oIcih l1t) 
or[~nic carbon In l11~ snmpl~, m~QsurC'(1 Indrprndt'ntly (by total c3rtlry~ minus 
c.:trb nat!' :lnJ bic:lrlhH13tC) , the qU.lntity Ar/c i!oJ nn indic.ltion 1.>1 r-hl' percpnl 
:'\r mol Ie C.1rbon in th, mn",l and »r/c 1s tlw p(~rCl'lll aliph.1lic eartH'n. Figurf''' 
) .1i""J It sh\.,w the n .... 'lll'l o t pluttin'" thes, .. fractions a~pins nil yicld (~'l/t')n) 
Fc.r tllP lW(nty oil sh:\h's and ker pn~ t')'.'\mint J in lhi,:; study , tht: lotn.t 
or~lnic carbon c n'dO' (P) rDn ~pd [, 11 l 81 prrcpnr (hv wpi yht) and lh. 
(ar I Rrtn,) fmc' . ,[ alipl""!c cllrb~n (H) rangcJ fr r 0.37 , .. 0.85. 

Flf~' ) intiicllLC'S that there i.s little." c rr"intl n ul'lwl'rn th(' (mount ~f 
nr ~·.ltl\. carb 'n in nn oil Sh.lll nnd its oil yirld, By c ntf:\sc , Fi ' . J 
5h~'ws a hi h le:v(';l of C fn lntillO bt"'t \.lt.'l'n the- a!!l"unt of aliphatic carh"n in 
3n 11 shale and th(\ yield of oil obtai.mJ in rt.'tortin~, TI'C'!lit.' results !'Surport 
lh,' hesi'" thlt it is tht aliphatic p."1 rt ot the j.tl~rDb\.·n th."1t 15 larr,clv 
fl5l1"nsibl for the oil r('cortl'd tr nil !"h:t}{. 'O\\.' reslills are also con'" 
si~tl'nt , ... ith (',\rlil r l'viul'ncp thnt I ~Ih r HIe ratios in o il sh."1hs arc 3!1'S cL tt~U 
\.lith hif,h r oil yif"ld~ ,10 furtliC'tlT\nn, llll' result 5uRhpst that n:fil'wo l.lC 
tllTlr mt'asunrr.ents (l,\~tl'r and ",_rc CCcufOltt') may pfovidt. .l ccnvenit III mC"thod for 
dt.l\.'l initH~ Ilot nlv th" stnlctul-al char .. H:tlt"i.slics ot k€.togrn, but also eh£' 
(,c~''\I'\omic potl~nti.11 ot individu:ll shalL'S. 

SiniLlr ex'" rl~f'nts lln a with.' ran~(' f cC;:ll s.:lmplrs 3n' undl'Nay and will 
bt' ut·scribl',f h •. t l.:dk. Tht. rt's(,lulun c[ .. lrom."111c nnd alil'ha~ic carbons 
loan hi ir.:prov(I'd l r .... m \.Ih., t is 5. wn in Fi . 2 by f' :'1';;1 c-anslf" sl'inni n. Thp 
cC'IlH'I'1up.nC'l's ot t~li!'i impro'Vcn,lnt arC' also discuss ti . 

fht ~luth rs srl\:' ~\lll aCKn ,·"ilC'd rupl'Crl o! lhlS fl",('arch hy the U.S . 
Erlf'r y RI St.'ar h ,1m.! fll'vr l 'pr.1l'nt AJrniuistra ion , r...1rarnle fnf'rgy Rt'scarch ecnte-f , 
iln'! v.llu.lhlt oi.cussiC'ns with Drs . .!. SC'h.:lt!ft!f , £.0. SlPjska l ano D.L . 
\'andL'IH3T . 
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Figun.' 1. Ti Ing ~HqUt'nCp of 111 .:lnti l 1C irradi.~'tion nnd IJC ohscr'Jaticn in a 
typical crc~s p,>larL:atin" )Cft rLT;('Inl. 

! 

~ !I ~ 
rigUfP 2. Crvss rOl~lr{ ':\::1 n sJ",c:.ri1 cf t hrce oil ... h.lll's with difff'r t'''nt J.lirhatic 

C/IT m.ltie C r.:ltl s. The :Hbi:.r~lri vl'rtical lin£' rou~hly scp.lrOltc~ 
the. linh:ntc fr m tht l .1r r.-.. ltic n' i ns of the SrE."t:tra. 

P 
Fi un' J, A plot ot the ·~I'r.lrpnt peroent nr. nic cnrb0n (Ar/Cl at tl.!"nty ~ 

d l sh,llp~ an,l ""r('gens ~. th,' oil yields t the oil shales In gal/t,'n. ~ 

Figurn •. A plot of the aprnrent r~r.ent nlirhntic carbon (Rr/C) of twenty 
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ott .hnl • ano krrcgrns ~. tilt' 0 1 l yil'lds (the oil shnle. in ~_ 
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