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AIT APPEAT

lhe ASS4 group (I.1..) consld.erlng referenelng tecbrriques and.

reference corrpor:nd.s for aLL nuelel has the follolrlng nembers:

FauL C. Iauterbur, Chalnnan
Donald. P. Ames
Earlan Foster
George V. D. Tlers
John R. tlrmg:man

Id.eas ancl suggestlons eoncerning any phase of the Sroup's work

are lnvltecl. For e:<ample, lf you have e:qlerlenee ln any of the foJ.low1ng

areas, ve would. l1ke to hear from you.

l. Use of external and.f or lnternal standard.s for

correLatlng J.arge volumes of clata.

2. Constructlon of spherlcal sample eells, or

use of other special referencing aptrnratus
' 

an<[ teehalques.

t. Stanöarils and. referencing methods for nucl-el

other than protons.

Coostrnlcatione on these natters rnay be aclclressed- to me personally or to

AAB or BLS for lncluslon ln tJrls Nevsletter.

Paul C. Iauterbur
Mel].on Instltute
l+hoo trtrtu Aveaue
Plttsburgh 1r, Fa,
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I4lnutes of the Meetlng

A,SIM Corrmittee E-13 Subcorurtttee VJI on NMR Spectroseopy

Nev York, Norlember 6, 1pr8

Subeomittee Members ln Attenclance:

I{. F. Chanberlaln, Chairtran
S. Brovnsteln, Secretary
D. P. Ames
E. Foster
B, Jones, ln place of J. N. Shoblery
J. E. Lancaster
P. C. Lauterbur
E. Rubln, Ln place of A, R. Alhsn
R. E. Swarbr:lck
G" V. D. Tiers
J. R. Zime:nran

In adtlltloa

E. J. Rosenbaum, Chal:man Comlttee E-13
R. F. Robey, Secreta4r Connlttee E-13
A. D. Turlsslnl
I. Welnberg

vere presrnt anct ,Lnterestetl ln the work of the comittee.

The neetlng tras called. to order by !4r. Chamberlaln at 2:00 p.n,
Dr. Btolmstein was elected secretary for this neeting. $rggested. areas of
Lnvestlgatlon, derlved. from suggestlons made by subeomittee members before
the neeting, nere outllnecl by l,Ir. Che'mberJ.aLn as follows:

l. lyomenclature to be usecl in cllseusging d.etails of NMR

spectra.

2.

3.

l+.

5.

6.

7.

8.

Referenelng teehniques and. reference compound.s.

Resonance spectra of nuelei other than protons'

Presentatlon of rlata obtalnecl f:ron NMR speetra.

Instrument per:formance and. speeifications.

Effects of sarpJ.e temperature

Spln tlecoupllng procedures"

D(chrnge of lnfo:matlon.
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Itens 1 thro'.:gh b were seJ.ected. by vote of th.ose present as being the most
inportant and. promlsing problems for inned.late attack. Chailrnen lrere se-
lected for work groups to work on these probleuas" Each chaiman ls responsible
for recrultlng his olm work group and. d.lrectlng lts actlrritles. After a sork
gf,oup has reaeheö agreement on a convenlent segtrent of its vork, Lts recom-
mendations are to be circu^lated to the eatlre NIIR subcomittee for conrments.
I'ltren the subconmittee has reached. agreemeat, its reeomendatLons v111 be
clreulated. to other subcormittees of Comlttee E-$ vhtch are coacerned. wlth
broa&Ly sinll€.r types of work to reduee confllct ancl dupllcation wlthin the
broad. fläIcl of absorartioa spectroscopy. Th.en follovs the Job of selllng
tbese recom.end€,tLons to the workers and. editors, a probJ.em vhlch the ASl3d
organization has baaüled. successfully for nany years.

Dr, G. V. D. Tiers was selected. chairsan of the groltp to study
the problem of nomeaclature. After eooelusioas on nomenclature have been
reacbed., they are to be subnj.tted. to the Nomenclature Subcomj.ttee of E-IJ
to lnsure contrntlbiJ-lty wltb the overalJ. approach of Comlttee g-1r.

Slnce the problem of räferencing anÖ of the eoneid.eratlon of spectra
of nucLei other than protons overlap consid.erably, lt llas d.ecld.eö that one
group shouJ.C[ consld.er both problems. Dr. P. C. Ia,uterbur vas ehosen ebe.1r-
nan of tluls groutrl. No chsi:maa ha,s yet beer choses- for the data preseatatJ.oa
group

It vas d.ecld.ed. that ltens J, 5 aad.f need. not be gtven d.etalJ.ed.
study at the present tfuae; however, some oplaions were *<pressed. on thepe
toplcs.

Th.e questl.oa of tbe necessity for preelsion ceJ-ls for externe.l
referenelng ltas raised. by I4r. Cbanberlatn aad- a plea was uad.e for sooe ex-
perlmental data. Dr. Zlmerrman eormented. tbat this is belng investlgateö
by the API project on nuclear rnagnetic resonancerf. It vas neationed thet
measurenent of peak separatlons should. be d.one by the sld.ebancl nethoö unJ.ess
a resonanee-st€,b11ized. nagnetle fieJ.d. ls used.. Dr. Rosenbaun saltl that care
shoulö be taken in settlng up perforruaoee speciflcatlons to insu-re that tbe
requlremeats are congLstent with the purpoge for whtch the spectre, are to
be üsed..

With respect to iten B, lt was announced. tba,t the M4R researeh
group at MeLLor, Institute has starbed ctrcu1atlon of a month]-y ner,rs-letter
of current lnfomation ln Nl"lR spectroseopy. Tkrls ls an Lnfortnal letter,
and. clrcul-s,tlon w111 be held. to those acti-ve in the fle].cl.

ft vas announced. tha,t tbe ASTM wiIL be ho1d.lng a Faclfle Coast
Regional Meetlng in San Franeisco on October 11-16, L9r9. There wtIL be a
half-d.ay strruposirn on l0{B wlth hery Rogers of Varlaa Assoeis.tes as chsirrnan.

There vere varying oplnions on vhen the next meetlng of the group
shotrld. be heltt. It lras tentatively cleeicled. to neet at the Ptttsbrrrgh Meetlng
on Applled. Speetroseopy, the flrst week of l'tsrch, L9r9.

*See M.E,L.I.O.N.M.R. No. 2 p. 12.
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!r. A. A. Sothner-3fr
Iulel-loa tastltut e,
Plttshrrgh.

!ear Aksell

I pronised. iarry sone tlne ago ibat I rorld. send. hlrn tbe
enclosed. naterlal, but on\y the arrlval of the second. lszue of
tbe iouraal of Unpubltshed. Besearch hag flnall.y pronlteö ne to
d.o lt.

Elstoül.cal$ thls came abgll.t as a result of ny q;ri)rlse
at seeing f lerst acctuat of the rtlsotope effectrr on tb,ä 3r9-rescnance
of l-hyd.ropropforaae (t). Slnee thea the reasons for sr:rpttsE have
large$ evaporai;ed, but at the tlne I asked. a Seni.cr ti:esls stud.eat,
Earrrey Notartus, to repeat Elersl neasurernents ln orrler to see the
effest at ftrst hald. As you see, Notarlusl neagureneats corrobo--
rate llersl stateneaü. Ehere are hor,rever a few potnts wb.lcb tlersl
aote Ooes aot state or el-se d.oes not ueke cl.ear, I1*-g-ti!.gg!:

1. !$f,s ts another case la whlch tbe couplüng betweea the
nost d.lst:ü.t Fr" gnoups ls larger (7 cps) th,an e{üher of the shorter-
rar€e tr'-I' couriLfags (4ä aad #ut zero)

2-. th,e proton ?e sora&ce Ls a v*; pretty trlpl"et of trlplets
of qnartets (J) $,ftb coupllngs to th.e fluorl.aes af 52, aä 

"led. 
0.8 cps,

re spe ct lvely.

3, Ehe q-F19 resonance of the d.euterated" corpanaÖ agrees
exaot$ wlth tbat calculated. frou thaü of the nond.eruterateö eonpor:ud.
anil the gyrgeagnetlc ratlo of D. rt contains 36 llnes, of whlch. raost
are cleanly resolved..

For those who read.llerlE aote La reprlnt forra, 1ü should. be
pointed, out that the texts of the orlgtnal note and. of ihe reprlnt
ar€ not the sane, aptru.reatly through ä prlnterls error.

tLease feeL free to flIa tb.ls la the westebasket tf you llke,
but retun th.e enclosed. flgure to ne

ourg,

l+

S. i,Iau.gh,
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A METI1OD OF ESTIMAIING CEN,IICAL SIIIFTS IN SIIBSTITUTSD METHANES

One of tbe problems encounLered in inLerpreting Eigh-Resolutlon I&IR

speetra is that of raaking assignmentss of the lines to specific chemlcal groups.

Although tbe integrated intensities are of some value, it is often very i-uportant

to be able to estimate fairly closely where the resonance of a particuLar group

should fall. Siace any carbon atom ln a chain can be considered as a substituted

methane, iE seemed rüorthlrhile to investigate the "additivity?' of the shtetd.ing

effects of varlous possible substiEuent groups.

In Ehis work lt is very important Eo elirainate as far as possible all

solvenL effects; therefore, only data from G.V.D. Tiers' "Tab1e of Gharacteristic

NMR Shielding Values" plus a fev measurement,s made in our own laboraEory using

dilute solut,icns ln CDCI, were used.

No effort was made to consider whether tbe shlelding effect of a group

arlses from diamagnetic or paramagneEic effects. All of the groups considered

Lurned oue to exert a net paranagnetic shieLding on Ehe reuaining protons when they

replaeed a procon in methane- Surprisingly good 'radditivity[ was found for the

average values finally chosen Lo tepresent each grouP " The serious deparEures

from "additlvlty' ' occurred in the case of substituentg with sErong magneEic aniso-

.gg3x* In such. cases, even small moleeular distorEious may become important.
1

Since electron withdrawing effects are known to be LnporEant', it is

necessary to take iuto account the fact that l-t becomes progresslvely harder to

extract elecErons from a carbon atom as one at,Laches additional electronegatl.ve

groups. This was done by taklng an average for several successive substsitutlons,

äsr for exauple, CE4 to CII3CI, CE3CI xo &l2QLy, and CE2CL2 Eo CIICI3. SinLlar

serl-es for other substituenLs rrere eonsidered wherever the data were availabLe.

Tbe number finally chosen for each substituent usually represented ttre average of

the first and second substitutlons, weighted. a lit.tle uore heavily Ln favor of the

flrst substiEution. Therefore, Ehe shieldtng ltconstants'f ca.nnot be used to predict

(1) g.g. Dalley and J.N. Shoolery, J,A.C.S. 77, 3g7T (1955)
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the shlfts of mono-substltuted methanes accutately, buE ttrese are alr"eady measured

veqy preclsely srd recotded in TLerst Table.

lte shlfgs of the netbyl protors in CG14 sol-utions of metbane, ethane,

propage, and butare sre. 375.51 337.5, 335.1, and 335.9 cPs, resPectivelyr at 60 uc

relative to benzene Ln a csaceattLc cell. The value for methane was taken as the

constg1ts !n the enpLricaL equatloq for egtimatlag the shift of the Protons in a

substltuted methane w'lth substlEuents L.

f, @n"> = 375.5 - f {tt (.ps) relatlve to external benzene at 60 mc

or

d <n*> = 9.767 -: 4t (ppr) relative to Lnternal (c\)4Si = 10.00 at any

t frequency

Values of g1ftt, the effective shielding constants for various groups,

are llsLed in Table I in cps at 60 nc and also in Parts per rnLllLon. Ttre shifts of

the mono-substituted methanes are listed in the last colusr for eomparison and easy

reference.

Table LI demonstraEes the rather surprisingly good egtLmates of chpmlcal

sbl.fts nhtcb can be made with the assuuption of rraddltLvityrr of effective shleldlng

constants for a wide varietY of substituted methanes. Most of the predictions are

correct to wltiin 0.1 ppn. At tbe bottom of the Table are listed flve compounds for

which fairly large discrepancl-es arise. lhese hsrre been diseussed earlier.

IE is bardly necessary to point out ttrat slnce the data were derived from

moleculee in which tbe subrtituents rotaEe abouE single bonds, resultlng in some

average shleldlng effect, one should not ordinarily try to apply these empirical-

tLons to tons on carbon aLoms wtrich are members f the fixed otien-

tations of subgELtuenEs ln such conpounds can result Ln shLeldings narked.l-y differenE

fro'n ttre average values of Table I. .For cmpounds of the proper t)pe, bowever, the

neehod of estlmaLlng chemlcal shlfts descrlbed here has been found, to be of

considerable value in assignlng and lnterpretlng spectra of compouads for uhich no

cloaely slmlLar, authentic models are anailabLe.



TABI.E I.

8.

Effectlve shieldlng sonstsnts, fff , for vclous groups ln
subs tit"uted methanes'

Groep, X fff ("p" at 60 nc) f,ff(ppt) sbift of GE3I' from CE4 tW *1

169

111

L52

L42

t40

110

109

LO2

98

94

c1

OR

Br

c,Il-o)

R

I

-s

-c=o
/

2.53

2.36

2.33

1.832

I_.818

1 .700

r_.638

1.568

r.318

a.466

ca lSOa

L47

L26

115

ca llla

.. -ece tl)

ca 85a

38

R

-\(
-Rt

R
c,R

R

79

28cE3

a. depends upoa R, Rr, and Rfr.



TABI.E II. Comparlson of predicted and obserrred shl.e
based ou group shLeldlng consto'ts t 4t{

9.

values in substl.tuted methanes,l-dlneett

Goryound gpe Predl.eted Obgenred A ("p" at 60 nc)

Br-CE2-C1

C6E5-CE2-C1

c5E5-CE2-(R

C5E5-GT2-Br

(cl-cBfc-)z

-Gl-cf,-cE2-oE

CEr-C'n-Or-tt

c6E5-6ts2-ci2 
o

c6Es-cE2- a(

v{.

113

L23

t?t

L44

L54

156

163

LTL

L94

200

232

244

2t*

248

i Fru{

v

80

119

L25

L24

L47

155

ls8

L62

L76

200

188

232

246

246

244

296

-3

-t6

+2

-1

+3

+1

+2

-1

+5

{6

-L2

o
4-ffi,24(

Gr3-cE2-08

cg3-cE2-c685

0

0

.t6

+2

-4

+5

G3-G2
//

ffil-ffi2-

c%-cr2-tri

-c
I

s

(cT3)3-cE zgL J
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TABLE II. Contd.

Corupouud Type Predicted Observed A ("p" at 60 rnc)

c6ll5-cE-(ffig)z

(c685) Z-ffi-ffig

I-Ctr2-I

c1-cEz-cl.

Br-Cf,2-Br

c6u5-cE2-c685

=C-CE2-C=

zLl

L27

155

7L

95

155

2L7

2L7

1.38

155

93

t54

{6

0

+11

-2

-2

-1

-z

69

zLsa

c1-sE2-I

(cr13) z-cE-c1

(cI13) 2-CE-Br

(crr3)2-cE-r

c6E5-cE-c12

CH:- cH1* Cü3

TL4

L67

L79

210

-39
j tq,s

L42

135

-7

331..tr

90

138

-24

-25

-4r

-75

+32

+?L

(a) Measured Ln cyclopentadl.ene

J. S. SooJ.ery
Varlan Aesoclates
Falo A1to, Cal.:lfom.la
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