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rrne technicue of S:?in decoupling ( double i::>rLdi c.tion) 
H.':•.s invest:fgated and de•.reloped. Inversion i->ates for 
a smal l oicyclic r ing compound ~ere det ermi n ed a s a 
function of tempe1"' c.tur'e. 

The l"' s s eo.x·ch to be de scribed i n t h is pC.i,) er l{ f(S directed 

prim::·::'ily toward the solution of t·,-10 distinct proble:rns. The fi:r•s t 

:-ms to develop the technir~ue of spin decou.1:ilinc . Al though this 

teclr:.i que h ::.d been first develo:ped by Bloch i re 1954-, it h G,d not 

yet been successfully used at the Institute. The second 1)2ob ­

le:n i,:as to determine t h e inversion r E.. tes of t he nitrogen :;e. toms 

in the bi cyclic ring (I); N?{:l spectra over the r- e.nge -;·50°C to 

tr) 

The tecb_n_.~_,_'. q•,u.e v,-, .l.C> s ·.·: i· n deC OUD 7 i "Q 0' - • - - ' ~ .1.-i 0 involves the use of 

t ,Jo l"f fields; one f or obs e rva tion of the spec tru1n, a s in the 

normal manner, and the othe r for irradiation of the desir ed group 

of nuclei. This irrs-.di a tion is done a t the reson2...nt f re c:~uency 

0 -" .L the nuclei in questic:m. The object is to cause these nuclei 

to change sta tes rapidly, causing them to become decoupled .from 

the other nuclei in the . '.Olecule; i. 0., they no longer cause 

s t::in-spin splitting in the p e e.ks of' t h e un-il"r:1diated nuclei. 
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Fol" these experiments, the Varian 1-I.A/HR-60 sDectrometer . ~ 

was used. Th e machine 1.,~a 8 run in the frequency m•rnep mode. 

The principal difficulty in producing decoupling involved adjusting 

the power output from the rf gener ::d;or su·l)plying the i:~·r·adi a tion 

field,. If the output ·ws.s too '"°:eak, the decoupling effect was too 

small to be noticed; if the output :{~"-S too strong, resolution in 

the re:::naind.er of the s -pectrum. ws.s destroyed. Eventually, the 

method was develop ed, and decoupled S!)0Ctr a of ethonol ;:md of 

tetrahydrofuran ·were produced. Samples of such s·9ectra, together 

1,vi th pertinent information are attached. 

The second p E'~rt of the research 1.-Jas directed t01-mx:.d deter-

mining the Pa te of inversion of the nitrogens in compound (I). 

Np~ s ~)ectra of this cor:~")ound we:ee availabl o , showing the :r;1ethyl, 

vinyl, o,.nd bi->idgehead hydrogens at various tempe2D.tures. The 

procedure used to determine the inversion :·ates involved feeding 

the spectral constants (chemical shifts, coupling constonts and an 

assumed i) into a •' omputer program desi :,;nated INAB. The shifts 

and coupling const2nts wer>e those obtained by analysis of the 

spectrum using a modified Svrn.len-Reilly program, m-lRIT. 

Computed s-oectra obtained as output f rom IN.AB :.rnre then 

com.p a.red with the ob s erved spec tra and adjustments Here made :1.n 

the v e.lµe of T , the lifetime in a given state. The ::_::; rogram 

,,J c.s then rerun, using the ne 7,·J p ar x 11eters. nrocedure ·wa s ., 

continued until the co: :Iputed spectrum was judged to duplicate as 

nearly a s )Os s ible the o::.is ervecl spectrum, 1-Ji th regt.rd to pe r:.k 

position, pe r.:};: height, 2nd line~·:-idths. Eo.tcl1c s •,;e~:-e thus obtc.ined 

for all three ty)o s of proton a t rn.ost tempeI' '.;. tu~"..,es. The results 
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a:ee sumr:mrized in Table 1. Value s obtained for a s iven te~oer~ture 

differ sli:;htly m:·1onc; the v arious ::,;roups, due to the difficulti e s 

of to:111)ert:t ure regula tion, but the c;ei-:ercl 2.c;reement is :;ood. 

Unfortuno,.tely, it ,;-;as discovered after the con ;:.1 let:i.on of t he 

analysis th.s.t t h e ter:19era tur•es rep orted for t !::.e v2.rious s~1ec tPa 

:-Jere incorrect. 'l'hus, no o.bsolute sic;nific t.mce c an be attached 

to t h e resul t s. 

I w·ould like to 2-ckncrh'ledge the f'ollowing ::Jeo::.;le f .)r their 

kind assistcnce during the course of my l"esearch: Dr. J·ohn D. 

Roberts, Jm11es Hagnuson, and Fr o..nk Weigert. 
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(Additi onal s ~ec tre. ~-Ie:-.." e submitted to Dr. Rober ts Ci t t h e cor~clusi c: n 
of the l"' esea:ech r,i roject.) 
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HA-60/DA-60 SPECTRUM 

60 MC NMR 
SPECTRUM NO,- _______________ ______ _______ _ 

OPERATOR: __ JK _______ DATE ___ Jj_'?.µ1, ______ _ 

THI::: J..t ~ - · -0- J SAMPLE: _______________ ->-----~ - __ ----· 

SOLVENT: 
~}ta,\f ~nJe11e 

TEMPERATURE 
- fr - RT oc 

R.F. FIELD ATTEN. :),<> _:JiJ_ db -
RECEIVER GAIN I I - -

FREQ. RESPONSE _2.a u cps 

INPUT LEVEL 2t)o 
- _2()Q 

OUTPUT LEVEL _,()..J:.. - _!0~ 

SWEEP TIME /"I} No sec 

SWEEP WIDTH _::l![p - ±~ cps 

SWEEP OFFSET _YI~ - ~q~ - cps 

REMARKS: 

VAR I AN auaciatu CHART S60-E 
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HA-60/DA-60 SPECTRUM 

60 MC NMR 
SPECTRUM NO. ________________ ______________ . 

OPERATOR: __ J,K _______ DATE __ 1lrdb"1 ______ _ 

SAMPLE: _-n-!f __ ~~ __ ~~N- _______________ _ 

SOLVENT: - - - -
TEMPERATURE _RI oc 

R.F. FIELD ATTEN. j,3_ db 

RECEIVER GAIN _/_ 

FREQ. RESPONSE _2.-0_ cps 

INPUT LEVEL -35? 
OUTPUT LEVEL 0,15 

- -

SWEEP TIME '2-'5f> sec 

SWEEP WIDTH 2so cps - -
SWEEP OFFSET :3"f5" cps 

REMARKS:~ 
~; lock 11"' @ 

VARIAN auociatH CHART S60-E 
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HA-60/DA-60 SPECTRUM 

60 MC NMR 
SPECTRUM NO. ___ ___________________________ . 

OPERATOR: ___ tl-K ______ DATE __ 1j _k _________ _ 

SAMPLE: _ ~ ~f)_lf_>_fj_(/ __ ______________________ _ 

-~#3 f'ak ) wU"' 1 r·r~rJ,a 1-,,,,·, 

d I f.k,,.uj (),if"( as 

-C/4 - fga,l,c 
al ~ 

SOLVENT: 

TEMPERATURE oc 

R.F. FIELD ATTEN. 1,S-_ db 

RECEIVER GAIN I 

FREQ. RESPONSE ,;J,i) cps 

INPUT LEVEL tfO 

OUTPUT LEVEL ..1.0~ 

SWEEP TIME _ 22P sec 

SWEEP WIDTH -~ cps 

SWEEP OFFSET _4«!_ cps 

REMARKS: 

~ =- 120 tt,lfr @ 1,-t/,cq IJ ~C,o.12.S 

VARIAN a11ociat .. CHART S60-E 
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HA-60/DA-60 SPECTRUM 

60 MC NMR 
SPECTRUM NO. ____ ___________ _____________ __ . 

OPERATOR: __ - ~ - -- _ - - DATE __ Z l ~ 1 ~-~ _ ------

SAMPLE: __________________ _____________ .. ____ . 

/;;i:OI-I +- HCJi 

I 

io-y; ck~le.J •1 ,..-n:1-d.to.h4 CHz.. rn,b~ 

~~: ~ CCtA..f>rd 

f\.OJ\~ JittR 
SOLVENT: 

r)II\ v~ oc 
Sb ti) db 
I 

'2-0 Zo cps 
l'fO l'10 

~ "..!. 'f - _!/ ~4 -

TEMPERATURE 

R.F. FIELD ATTEN. 

RECEIVER GAIN 

FREQ. RESPONSE 

INPUT LEVEL 

OUTPUT LEVEL 

SWEEP TIME 2 "50 __ 2 ~ _ sec 
Sl>O SlJl) 

- - - - - cps SWEEP WIDTH 

SWEEP OFFSET _:11£ _ J-~ _ cps 

REMARKS: l~i s-4 
~ • osc I,e{d : o. ~ (YI.G 

NJ,...,,...g r :,, n r;_ 
Sc.> ~ hc..Jld 0, 3 "' 

~A r~o0 

~ 2.~ crs 

{
~~c~ ,03 .,.,..f 
~. -k'". f...dtl.. 0.?, n-C-
E>A 700 

Wz : 60 ~ V Q) :ufr, kc. 
VARIAN a .. o.~~r.. cHART s60-E 
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HA-60/DA-60 SPECTRUM 

60 MC NMR 
SPECTRUM NO. ___ ___________________ - - - - - __ _ 

OPERATOR: __ J)S ______ DATE __ -:-z-f-~L~{, ____ _ 
SAMPLE: ____________________________________ . 

SOLVENT: 

TEMPERATURE 

R.F. FIELD ATTEN. 

RECEIVER GAIN 

FREQ. RESPONSE 

INPUT LEVEL 

OUTPUT LEVEL 

SWEEP TIME 

SWEEP WIDTH 

SWEEP OFFSET 

'2.~ 
- - - -

500 - - - -
_£\'tl - -

REMARKS: 
f4WMi 

Mo. ~k,I 10 x .~01 ,,,..t 
S.F hJJ. '3x, I mf 

;so"' v,r-p 

VARIAN ouociat .. 

oc 

db 

cps 

sec 

cps 

cps 

CHART S60-E 
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HA-60/DA-60 SPECTRUM 

60 MC NMR 
SPECTRUM NO. ______________________________ . 

OPERATOR: __ -tf:K ______ DATE _J}fali?k _ -------

SAMPLE: ___ EloH ➔ rte( _____ _____ __ ___ ___ _____ _ 

SOLVENT: 

TEMPERATURE rfR oc 

R.F. FIELD ATTEN. _60_ db 

RECEIVER GAIN I 

FREQ. RESPONSE UJ cps - -
INPUT LEVEL J't~ 
OUTPUT LEVEL ..J)•f!_7 -

SWEEP TIME 2SO sec - - -
SWEEP WIDTH SW cps 

SWEEP OFFSET cps 

REMARKS: 

fut.~ '2.st)O crs 
of.~ 4"k) crs 

VARIAN 011aciatu CHART S60-E 


