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For lssue l{o. 2 of M.E.L.L.O.I[.M.R., ve are pleased. to laclude

contrlbutions frou Messrs " Brovnstela, RelILXr Sleeppard., Tiers and Zlmeraant

as seIL as sone J.ocal. clata and. thoughts.

As ls seen, Messrs. RelILy and. Sheppard have separately Jolned.

battle v'lth us over the lssues of stcnd.ard.izatlon and. scales. Dn. Srepparcl

spggests tbat tbls Nersletter mlgbt veLl se::ve as a fonrm for d.lscusslng

etand.arützatloa and. ve agree tbat thls vorrld. be a very good. 1d.ea. With this

1n rriail, ve feel lnpeJ-led. to preseat some d.efeaee of oul scheme for stand-

arülzatlon as set forth in lssue No. 1 of M.E.L.L.O.N.M.R.

l{1th respect to the firnetlons of the lnte:lrlal- reference anÄ the

external reference, we vouLd. lJ.ke to polnt out that the lnter?al reference

corrects for more than Just tbe cl-asstcatff bu.Ik suseeptlblJ.lty effeet.

In general, the use of a spherlcal- sample v"lIL not resaLt ln llne posltlons

lnd.epend.eat of eolveat composttlcn. Froo prerrious measurements on nl:rtures

of d.lo:raae and. toluene, one caa d.ed.uce tbat 1n a spherlcal. cell" the llnes

from these substaaceg v'iIL shlft ove! a rartge of one-he,J.f a trnrt-per-mlll:lon

ag tbe proporbtons of the mirfure are varied.. On the other hand., the }lnes

viIL stay at relatlvely constaat separatlon fron each othe" ( "!. Sothner-By

anct Gltck, !-. Chen. Sgg. 4, t6r]- (tg>l). As far as spherlcaL cells then-
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selves go, .we are avare of tro d.eslga for sueh a cel1 rbi.eh glves tbe aeces-

sary almost perfect spbericity.

Inciclentally, even rrith " nell-behaved. r nLrgares, absolute 1lne

pos1.tlons are sh1'fted. by anSnrhere froa O.0 to O.9 Ari.:r spherical sauples,

clepenÄtng on specifle nol-ecular lsteractions ( see 3othner-By and. G!.i.ck,

J. Chen. $E. 4, L64t (LgrT); c3. Erraas, Iloc. c@. soe., &t (LgrB)),

Schneid.er, Berrrstelo and. Pople, J. Chen. Pbys. r 2Br 6Of (fg}S).

In vlev of these consld-e::at1oas, we stlll thirk tbat a sc"ie

runnlng from the iaterne.l reference is more practieal, if J-ess absolute,

than one running from the external reference, The add,1.t1onaJ. lncJ.usJ-o:r of

the latter w:iIL alLov euch nov pre.etical data to be eonverted. to absolute

d.ata shen the tJreory of solvesbsbifts catches up inith exSrerlmeat,

There 1s al.so a problem which ve are aot sure is generalJ.y recog-

nized. Ln con:cectlon v-itb the autoroatic referencing by meaas of the Saker

system. In ord.er that the static field. at the refereace saaapJ.e anil at the

u:r.lm.ornr sample shoulct vary ln as parallel a nalrner as posslbJ.e, lt is ile-

sirable tbat these be pJs,eed. as close to one aaother as is convea:ient. .ff"
however, aa unhoqn sanple of volr:me V and. suseeptibly tc is introduced. into

the field at a ilistaace of r cm. from the reference, lt wiIL csuse a sblft

ln the fle].d. at the reference of 2Vx tJ t This assrrnes tbat the ra&Lus' veetor

Joinjng tbe trio samples is parallel to the stattc fl.elö. ) Introduelng soue

typical numbers Lllustrates that thi.s eould. result in sbJ-fts of tÄe zero of

the scale of up to O.1 ppn.

433 Bts
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19 Novernber 19)8

Dr. A. A. Bothner-tsy
Mel1on fnstitute
l+4oo rirtrr Avenue
Pittsburgh, Perursylvania

Dear Aksel:

fhank you for including me on your nailing list for M.E.t.t.O.N.
I would like to suggest that you consider adding John Zlm:nerrnan from
Magnolia to the distribution. f have several comments to nake eoncern-
ing standardization of NllR spectra and shall try to present then in
at least a semi-organized fashion.

First of all, w'ith respect to the added capillary vs.
precision cel1 nethcd for external referencing, Zimmernan has recently
shown quite sonclusively that the added capi11ary method is not reliable
If you get in touch wlth hin directly, he night be willing to contribute
the results of his erperirnents to your publication.

Y.'ith respect to your choice of refereneing procedure, I arn
pleased to note that. you p.lan to adopt the suggestion made at the
Gordon Conference of using both an lnternal and an erüernal reference.
I an somevhat disturbed, holrever, that you plan to tie all- neasurements
to the internal reference, SiMea. My nost recent thoughts concerning
the referencing problem are as fo11ows. f regard the use of cylindrical
samples and consequently of an internal reference with its attendant
uncertainties as strictly a temporary expedient until better instru-
mentation and techniques become generally available. V.Iitb a feedback
systen of the Baker (or related) type spectra will be autoraatically
referenced to the cont,rol sample, i,e. to an exterrral reference, The
need for elininating bulk susceptibility effects via an internal
reference can then be avoided by using spherieal samples. thus, the
use of an erternal reference as the prirnary one seems more consistent
with developments that are 1lke1y to occur in the not too distant
future.

As long as rre are concerned with relatively sirnple spectra
whieh can be analyzed into ö and J contributions, either an internal
or an erbernal reference vould appear to be equally satisfactory as
the prlnary one. However, as vre find it more and more advantageous
to use ilfingerprinting" teehniques for the identification of unknowns,
the externaL reference (and a shielding number scale) seems to ne to
have the edge as the primary one.



Dr, A. A. Bothner-By -2- 6.

f am enelosing tvro copies of "Rrbtication of NMR Speetra by
API Research Project lr4" which was revi.sed following the Cordon
Conference discussions. TLre"nost recent reconnendations to the
Aclvisory Coumittee included the requirement for use of a precision
cell plus a slight rerision to Table I as below, IIxe proposal for
publication of spectra (including the above recornmendations) was
accepted by the Advisory Corn,ittee, It is antieipated that the API
will begin issuing standard NMR speetra in the near future. Since the
recornmendations made for the publication of standard MIR spectra
represent ..vhat appears to be the best cornpromise anong maqy different
points of view, it would seem to make the task of intercouTparigon of
spectra mrch easier i.f everyone could see his way clear to adopt ttre
standard presentation.

Table 1. MIR Beference Separations at bO Mcps

Av # in eps/'c
Conpound

Benzaldehyde

Ald,eiryde H

Ring H

Chloroform

Benzene (undegassed)

Toluene

Ring H

ir4-Dioxane
Dtuetbyl Sulfoxide

Toluene

Metbyl ä
Acetone

Cyclohexane

Tetramethyl Silane

at 25oC

- 107.r

t3.g
o

5.L
L25.r+

].:6L.4

muJ.tiplet

< 0.01

0790

0'

L99

2A2

2r2
277

4

5

2

I

+ 0.010

+ 0.o59

+ O.04o

< o,ot
+ o,olra

+ Q.A29

+ 0.055

The Av separations given in the Table represent a
reconeiliatlon of the measurements made here, at Ntagnolia and. at
Humble and are accurate to ! O.5 cps, ftre teraperature coefficients
were determined only at this laboratory. I would appreciate receiving
any data either in agreement or in disagreenent with the above numbers
so that a revised table with nore accurate numbers can eventually be
established and made available to alJ- NMR spectroscopists.



Dr. A. A" Bothner-By

Please feel- free to quote frorn this letter for your nonthly
publication. Trlith best wishes for success with ilt.E.L.L,O.N.

Sincerely yours,

C. A. Rei11y

T.

iTS,/VliL7.

Drs. Ä.i\. Bothaer-3y and 3.1.
the Editorst
i{-}i-R I'{ews Sheett
LIelIon Institute t
4400 Fifth Avenue'
?ittsburgh 13r
D.-4 e. t
U. S. A.

UNIVERSITY CHEMICAL LABORATORY
LENSFI ELD ROAD

CAMBRIDGE
TELEPHONE: 5649I

Sh:r.piro 3tst 0etober', 1958.
,

Oentlemen,

i{ay I say horv ple:sed I yr;s to receive the first nulnber
of your i{-It-R nront}r-ly let;er wh,lch 'viJ.lr I a& slrre' fllJ. a
Tluch needed g-r.p in comrrunisrtions. f em inspired to write
to you et onöe-rs if I donrt do it now I vronrt do it tonorrorv./

Iiy feeling is tlr^it one of the roost inport:.nt funetions
tb;t your tlettert crn fuJ-t'iJ. is to provicle:u fonru of opinj-on
on the vexed problem of how to strndlrdise l,Ti,iR. spectr-r. Ihis
should h:ve beea done ye,r.rs lgo is we .l,11 kaow. I{ay f :}s ;l
be3inner in this field - but at leist:. *;erson ''vho hr,s raany
org:nlc *nd inorganlc chemistt t I'Ti'/iH. spectr.: tc look a.t -
presume to nike sof,le cornments on your suggested systen{?

Suggestion (a) Ihis is * britiiant oneas no-one can
conphln tr-hlt- it doesn t t incorpor:rte .thelr olv'o recommendations!
Eere in-Qarnbridge 'ire prefer the internal stand"-urd when possiblet
but it 1s very tnre thrt :. sr.tisfuctorily well-behaved inteirral
siandard is not u,lvr;ys av::.iiable.

cDnfu -
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s --:estion 3 Our choice of reference h,:.s been

cyclo X-i"ne \T c
trs :n intern-rl re I
liitle specific j.tr
solution. HoireYe

h*'res rvith. (CHu).Si u.;r.rrf, desir-rble properties
rence - in p;rticul"r,r 1t is likely to hrve
er:r.etlon ''vith its molecul:r nelghbours in
I f .:eI c_uite lrrppy to chil:3e over onee I

.f

!
t/

r
h:-ve ioc,.rted;r clie-rp,iüd reli;ble source of the silicon compound.
Of collrse tvh,it '!:Ie rerlly need is ii short list of ;ccepiqble
tivell-beluvedt interrr-,l- referenee coml:ouncis So ti:-it if one of
then ii..is its peeh on to? of th,'.t of the subst:rnce whose i'il'iR
spectn:n is beia.3 deiernined :r.nother c'lli be ttsed.

o,.}JLt esiicn fl Ti:-ls is tire onlY Point ;here I ,rouIo
s e llr-ouD e:i. fcr .trä .rltelr,:tivet i-. €. , the
cref lnition of I zero | . Our c,'m Proceclure tc d.;ie h-'s been io
refer all our v::lues to cYcloh:x.rite defi.r.ed .ls =+3.9 in
p.p.ci. 3Y trris 1:le.],j1s ,,'e 30 -;ci; toTiltffil;yts cl- :ssic.rL _.;-1per

on cireroic-il slrifis ';ihere (in slight iy dif-f erent unit s!) he

re*.süied tir-ls v;lue of cyclohe:l--:ne -is i:i exiern,il re föhä1anö: ur gttv v

aa, .lin ',v-iier -:.nd too;c the 1:',iter J.s I zerot . Bec-tuse of
t eiap
1'g,r,i

er.liure crependel:e e r;hg ./,,':tte1' 1.e ferenee is ..r, Less 
"tif,isf:-,cioryzeto :ird -j,ity;iiy it i#ot e-r"sY to ne-rsure CuHrs .i3 ;n intern:I

ref ereirce in lirO! äence our v.;lrle is 'n,: I I lltLJ :,r -irbitr:;ril.y

?i "l

defiircd oni -"3 is Your v;lue of +"i0.0 ^"Jvi!3 )aDl. Iio,'ievJr,ror (

ir: so f-r.r -:,s l.ny sys 'ie,: h;s be :n :riop ted in tire litor,-iture' one

b-"-:ei .oughly oi1 Gui olr/sityrs sc:ie h;; b: e:: used (r-riin .iiiierelrces
here :nd there orlY of si-gn.iltd ilo',vers o f ie;rl ) .

"tS 
3:1e ',VhO

ir-s to i:;ch ii-L-'R cc;:re}';uii o11 i'i-r-les iire t,i-'. tei' zeror li.,s the
o.:1,;neffi dvant,--lge of bei ilE esseitti,,"lly the unit chosen
iü 1?ertzrs extrenrelY useful revie',v :,rtlcle.

--^, +*:.i.u u

ia l0

4,,rJ t,L e sii o::
6 11 af]19 J 45rr oo *'n a

( -rlt nough qui

r .r. g:e
r alt
te ;c

e iir prer-erring ylur ciroice of 
- ?. p. ia.

ern.,t-irres. the *lrer,i 'tive of p-u'i;s
.;€.ot,ible for flucrj-ir.e ';;ork) involves
ecess-rry ,'rritlng of 0 1:olntl i.€.1
'rrork. "If 1-;rg5 :lu4beis of spectroscopists
]-o? r;.ther i;hin l-0o I would be b-:'r' ;i;y

he re:ison-;biy'oiite-hoitoureo P.P:P.
e bec;üoe of the cor:'ei-"tion ','rlth

4 ** /i-44rh-'Ä

bo rey mind - i'oo iluch ulln
C,39 etc.I f or hYdrogeil

-,:fo in tl-;rrour of ?-"rts ia
to cir-.i:ge, bui I tref cr i
lha sigii conveüiion I lili
si:.ieiJing.

T h,,d inienoed to ,,'rite ., f eir ';vorcls :ind h-ive ended up Pr
I'rritii3ät"yi t ho.ce ih:*t-everyone doesurt ,vrite to y911 liti'
riorrih ön thä s:lne thärse or l'lo 1 -of you:-" ne''is let'ber tai's;ht !i
ihe l-:st oüe foriir-,nc1.ii re.-isons! I cert tj-;L:/ ho1;e not!

Yours sincerelYt

N. Shepp:rd.
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We suggest that participants bring lists of titles of current
NSR work from their labs. (especially those not yet in the
literature j ) Short abstracts' of each should be inc,luded, äs
illustrated below.

PROTON NSR SPECTROSCOPY I.
RELIABLE SHIELDING VALUES BY TINTERNAL REFERENCINGO ll.'.TTH

TETRAIIEIFIYLSILANE. George V.D- Tiers, J, Phys. Chen-, 92,
1151 (tgsg). (Reprints available soon).

This technique is shown to be reproducible, precise, convenient,
and applicable to all organic rnedia, Results are fully equivatr-ent
to those obtained by external referene'ing when the latter- are
extrapolated to infinite dilution. A new and particularly coo-
venieht rnethod of reporting spectral position 1tf,. { -scate) is
defined.

PROTON NSR SPECTROSCOPY TI.
A DEUTERIUM ISOTOPE EFFECT. G, \F.D. Tiers, J. Chem. Phys. (tgSg)
(accepted) (Some preprints),
The methyl peak for C5,H5CF{2D is split (lV n} into an eq
intensity triplet (J; 2.39 t 0.02 cpsi, and is displac
t 0"002 ppm. to higher field than that of C5H5CH3.

uaI-
ed 0.015

PROTON NSR SPECTROSCOPY III.. 
ANI.IIHTLATION OF NITROGEN QUADRUPOLE BROADENING BY MEANS OF STRONG
MOLECULAR ELECTRIC FTETD GRADIENTS.
q. V,D. Tiers arld F. A. Bovey, J, Phys. Chem. (fgSg) (accepted)
(Some preprints).
Sharp NH peaks (having the expected multiplet structure due to
their proton neighbors, a fact which rules out chemical-exchange
narrowing ) are observed for peptides and related molecules in
CF3CO2H solvent, Examples include N-acetyl-valine, glycyl-
methionine and glycocyamine.

PROTON NSR SPECTROSCOPY IV"
CFI,ARACTERISTIC SHIELD]NG VALUES,T , FOR ORGANIC STRUCTIJRES:
CORRELATION WITH CHEIIIICAL PARAÄ4E|ERS. G. V.D. Tiers, J.A.C.S.,(tqsg) tuo preprints)

(?)

A table of more than 1000 f-values for "aII" types of organic
compounds is presented. Various examples are given of correlations
of peak displacements by means af physical-organic parameters.
The highly precise measurement technique makes possible the
quantitative study of small displacements, e.9o r the methyl peak
in g, E, and g - substituted toluenes, and in other arornatic
systems, and sirnilar studies on benzaldehydes, anisoles, and
dimethylanilines .



Tables of T-values
J-values or else I
and several less c

are presented; multiplet structure and
ine widths are also räported. AIl the common
ommon amino acids are included, äs are many

VI.
STUDIES 0F PROTEINS IN TRIFLUOROACETIQ ACID. F. A. Bovey,
S. S. Yanari and G. V.D. Tiers, J. Am. Chem. Soc. (fgSg)
(Some preprints)

CF3CO2H dissolves nearly aIl proteins in a manner_permitting
their-NSR spectra to be observed. The data from Part V is
used to interpret features of these spectra, Optical rotation
studies indicate that proteins are "uncoiled" in CF3CO2H
so lut ion.

PROTON NSR SPECTROSCOPY VIT"
SHTELDING VALUES FOR FERROCENES AND RELATED COMPOUNDS,
G. V"D" Tiers and Peter L, Pauson, J.A.C.S. (fgSg)
(Preprints soon)

A compilation of characteristicT-va.l-ues is presented. The
effeci of substituents upon T-values for the cyclopentadienyl
ring is shown to be very similar to that for benzene, In
ferrocenes, the transmission of effects from one ring to the
other is slight " l{onocyclopenta-dienyliron compounds are readily
distinguished from ferrocenes. NSR is shown to be a very powerful
tool för structure determination in these (and related) öfasses
of organoiron compounds.

PROTON NSR SPECTROSCOPY VIII"
STEREOMAGNETIC STUDIES OF THE
IN SOLUTION" F. A" Bovey and

PROTON NSR SPECTROSCOPY V,
STUDIES OF AI{INO ACIDS AND PEPTIDES IN TRIFLUOROACETTC ACID.
q. A. Bovey and 9. V.D. Tiers, J. Am. Chem. Soc., (fqSg)
(n few preirints )

2

"When uninterrupted sequences of s
about L2 to 15 members, (accompli
weight or by copolymerization wit
resonance appears as a single pea
of isopropyl benzene, For Ionger
for ortho-protons is shifted ca.0
meta and para peaks are shifted t

10,

CONFORMATION OF POLYSTIß.ENE CHAINS
G. V.D. Tiers (fgsg) (preprints so-on)

s and N-acetyl derivatives i tetra-
the internal reference. Conclusions

arge distribution, inductive effects of
itive charges, rates of proton exchange
t, base strength, and (in one case)

of their g1ycy1 peptide
methylsilane is used as
are drawn concerning ch
polar groups and of pos
with the CFICO2H solven
molecular cdnf ärmation,

PROTON NSR SPECTROSCOPY

tyrene units are shorter than
shed either,by very low molecular
h butaciiene ) .-the äromatic
k, atT-value similar to that

equences, however, the peak
ppm to higher |, though

s than 0.2 ppm.

c
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Simllarly, lhe c-H in these 1o
to higherT(but the p-H only 0
interpretation of these effect
long sequences to be clustered
c and oltho-protons very close
of nearby rings.

ng seqgences is shifted L.2 ppm.
.1 ppm). A "stexeomagnetic"
s requires the phenyl gxoups of
(or'f orced) tobethär, -witir the
(on the average) to the faceg

rt

THE CALCULATION OF NUCLEAR I{AGNETIC RESONANCE SPECTRA OF
AROI'1ATIC FilfDROCAIIBONS. C. E. Johnson, J.,.', and F. A. Bovey,
J. Chern. Phys. (lgog) (Reprints and tables of computations
ava ilab le )

Correction, lmprovement and extension of calculations of Waugh
& Fessenden, J.A,C.S. 79 846 (fgSZ) making use of the IB[ir-705
computer. Graphical plot of 1f -electron ring-current magnatic
contribution at all points in the vicinity of a benzenoid ring.

FLUORINE NSR SPECTROSCOPY I.
RELIABLE SHIELDING VALUES BY USE OF TRICHLOROFLUOROIüETHANE AS
SOLVENT AI\D INTERNAL REFERENCE.
G. N. Filipovich and G. V.D. Tiers, J. Phys. Chem., (tgSg)
(Preprints)

As shown by Buans, by Glick and Ehrenso
fluorine spectral positions are subject
(proportional to the polarizability of
be eliminated by extrapolation to zero
report an alternative and more practica
tabulating reliable fluorine shielding

n,
to

the
pol
1p
val

and by ourselves,
solvent effects
medium), whi.ch may

arizability. We
rocedure for
ues. Our technique

consists of extrapolation of the solute peak position
infinite dilution^in the excellent, (mistible'with CgF
solvent CCI3F. The strong, sharp peak of this solvent
as an internal reference, its "side-bands" being used
'tProton NSR Spectroscopy Itr. If dilute $% to i0%) so
are useC, the'extrapolätion (gg. O.01 to 0.02 ppm.) is
usually unnecessary. A neur and convenient method of r
specträt position (trt" fi -scal-e) is def ined, based on
= 0.000 ppm, positive f,-ualues indicating greater shie

t
1Bi
as
1u

ED

a'
ld

o
l)
s useC
in

t ions

ort inq
(ccr:F )
ing.

OTHER NSR TABULATIONS AVAILABLE ON REQUEST:

1. The 3M Handy Pocket Guide to Characteristic
Nuclear Resonance Shielding Values, f , For
Fiydrogen Bonded to Carbon.

2. The 3M Handy Pocket Guide to Characteristic
Nuclear Resonance Shieldinq Values, f, for
Fluor j-ne. (R,railabf e soon ) .

3. Table of Proton NSRZ-values for 3 Variety
of Organic Compounds (npprox. 700 -values).

GVDT:bv

l0-10-58
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EXTEANAI NSFEffi1qCING

Precision Coa:rial. CeILs vs Non-Precision (Capillary) CeUs

A number of eareful e4periments have beea nade to help answer the
grrestion ttls it rea11y necessary to use precision-type coaicial cells (e.g.,
itilnrad ceJ*ls)?tt Two samples were used for this checl_c; one sample had two
resonance lines, #1 and ffZ, approxi:nately L96.\ sec-r apart; thg second
sa"nple had only one resonance- line and wäs apprxi.rnately 3 iee-l apart fron
LLne #2 of the flrst sample. The objectives lrere to measi:re the line sepa-
ration betr,reen #t ana #Z of the first' sample and the line separation betseen
line #1 of the first sample and the single line of the second sample. A
total of 6 l,älmad precision coa:rial cells and 9 capillary ceIL systeffr were
used to obtain independent measurements. ?he results are shorm on the next
page in the graph entitled |tComparison of External Hefer"encing Systemstr"

Each data
ten measurements.
average deviaiion
ration of line #1
systen or for the

point in this evaluation was obtained fron an average of
A eriterion of instnrment performance was that the

of measurements for a pari;icular data poinü for the sepa-
and line #2 always be30.1 sec-r for either the lfibnad
capili.ary system. The results are rather obrrious:

(a) The separations between Ii-:aes #l ana #Z of the first sanple are
very closely the sa^ne for either system, as they should be.

(b) The resonance line in the film of the t{ilmad precision cell
varies over a total range of less than 0.1 see-r for the 6 systerns trled,
whereas the resonanee line in the capillary of the non-precision celI system
varies over a niuch greater range of values.

(c) The values in the capillary system tend to be higher than those
in the filnn of the precision cell- system.

ActuallX: the nechanical set-up used favored the capiI-lary system,
for the capill.ary system eriployed an outer preeision tube and the eapillary
itself was precision stock. Henee the resuJ-ts obtained for the capiJ-lary
system should be considered better than those obtainable if non-prnecision
tubing and capillary stock had been employed.

Or:r conclusions on external referencing are these:

(a) Although it is possible to reference external]y by means of a
eapillary system and get S good values, the capi1lary system is definitely
not a dependable system.

(b) The experlnnental result that the capillary teehrrique is not
reliable for accu:'ate cheraical shift measurements is in agreement, rrith an
earlier theoretical analysis of tiris general problern (ttStrndardization of
Iß'ti i{igh riesolution Spectratt by J. R. Zimmerman and M. R. Foster, J. Phys.
Chem. 61, 282(L?57) ).

Ivlagnolia Petroleum C ompany
Field Besearch laboratory
P. 0. Box 90O
Dallas 21, Texas
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Ue11oo LBstituEe 1ll.

C. Naar and A, Bothner-By

tr
Ihe XsAÄ Xs Case

Assr:mptions: JXX = 0, JAX = tOt"t # JExt = JA'tr tX = 0

Crude fimction chosen were of type

(1) &/, ffi, $/"

(e) ftl" w s1/"

(t) ful".'q, at/"

(4) ss / z w, t{,

([o) */z o€ L-!z

{41) %/z W A-../z

et,c., etc., where %/z = W,

tr

cun + J*/l+ + 6 .l*/lr + 5 .r*t/4

a:u + J*/4 + l+ JA*/L + 4 l*'/4

cln + J*/Ir + 4 Jax/l+ + Ir t*t/4

o:o + J*/l+ + 4 Jax/l+ + l+ .r*'/4

-JAA/4+4J*/4-4Jaxr/4

-JÄA/4 - t+ .r*/t+ + 4 .l*t/l+

stl= =+*(ooF + @a + Fw,)

L,"ls,;#(""8 + @, - aFoc)

*'r1= q$-(oc6 - opcr)

The only off-d.iagonal elements are Lhose conaecting states like

(4O) arrd (41), and rhey are all equal to lf,Z. In the general case of

gl' =gl opgo and f z = 91 F@r., diagonalizatLon gives two states (lt = ayYy + a2V2

and.t = -"r,9t * ^rYr, where ", = fRi * io)lnJ +, An = [,*, - iö)/2]].
In these expressions 1 = I - o, a = (Jax - Jax r)/z ana*a = {{;* /e)z + r= uiJ ä.

fhe energies of tf, and tt are **ln)+ R. and **/*or., ,u"i"".ive1y.
Transition energi.es 'nd iatensities are then obtained. ic the usual way and

are tabulated below. rn each case one-half of the symmetrical spectnm is giveu.



It.

For the X-nuclei:

Posltiou
(JEx * Jaxr)/2

(.1*/a) - R1

(.r*/z) + n1

Rr-Re

Rr+Ba

Rz-Re

Ra+Re

For.the A-nuclei(relative to <r:)

IntensitY
L9Z'Voo = L92

12O por

12O 9or

5o pta

50 gt.

L2 pzs

L2 qze

4u'oo

Jb roo

12 psr

12 9or

12 por

12 9or

12 voz

L2 qoz

L2 rcz

L2 psz

]+ rr*

4 go"

16 vo:.

16 qol

1+

t6

>(J^qx + .l*f /a
(Jlx * J't)lz

JN(*JAx'*(;*/z)-Rr
JAx*JAx'*(.r*/z)+nt
J*+J*'-(.r*/a) +nt

J*+J*'-(.1*/z)-RI

I tt* * JAxr + J*)leJ -n=

[tt* * JN(' + J*) /z\ +n,

[tr* * Jax' - "*) lzi +x2

[tr* * JNr' - rAA) /2] -R2

(t*lz) - Re

(.r*/e) + n6

(J*/z) - nt

(.r*/a) + nt



tb.

where

1 aud qli

tt
X2AA X2 case: Utillzing the saoe treatment, we get

X Transltions:

(Jnx * J,ot) lz
(t^/e) - R1

(.r*/a) + nt

Rr-Ra

R1+R2

A transitions (relative to tl):

J* + J*t

{Cr* * JAx' + t*)/z} -R1

!"* * rAx' + J*)/e] +n,

(.r*/z) - R2

(;*/z) + n"

* JAxt (JlE/ +Rr

-R1* Ja:(t - Ja.o.)

0

2R.R.LJ [*r*, + ijö2. (tfu/4)J 1j 2R.R.LJ

i *.*, - ilöz - ("fu/n)i

fr
2lt por

2[ gor

B pre

B qt"

4

B tot

I qor-

4 poe

l+ qo=

B por

B got-

B

t
ij

4l
zI

{,'*
(tt*
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