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DIVISION OF APPLIED CHEMISTRY

Dear Aksel;

Dr. A.A. Bothner-By,
Asslstant Dlrector Jf Research,
l{ellon Instttute,
4lr$ Fifth Avenue,
Pl.ttsbr.ngfr 13n Pennsylvanla t
u. s.A.

slgnal via spln coupllrg, (b) Quadnrpote
broadenlng caused by dtlorine.
The next thlng is to take the wide lln€ spectmn
upon the ltquld and see what happens.

A note 1n the last lssue of
M.E.L.L.O.N.M.B. about thernocouple protectlon of
th€ nasrEt promptg this nenElon of our errangerpnt.
The thärnocöuplös from eaeh nagret coll are Jotned
ln serles and attached to a snall lndlcetlng neter
relay, nSimpJ.ytroltr, !*lidl 18 ptit_lg the sane
circuit as the pressre Ewttdl. Thls servös ag
an lnexpensive protection agairlet werheatlng lo
elther -on bottr colls, and also gives an indlcetlon
of the actual internal temPerature.

Yanr s tnrlyt

/fu 0,*^-ft^

OTTAWA 2,

lrlay 10, 196O.

Irm sorry to be renlss ln ny contributions
to M.E.L.L.O.N.M.R. However, our new lnstrument
has Just gono oa the alr. Therefore aIL I can
cont;ftutä at the present tine ls a ratber negatlve
ne sult .

There arc many caaes of quadrupole
broadenlng of protons attacled to nltrogea. Protons
atbached 6 chiorine ta ve always given a slngle sharp
llae wlth no evldence of quadrupole broadenlng-or
sptn oupünc. Preanmbly thLs ls due to rapld
rälaxatlön oT ttp chlorlnä nucl-ear spln by inter-
actlon of lts qradrupole wlth aq unsynnetrlc electric
fleld gradlent. I dön't knovr of any exan-ples of
broadei!.ng of a flucl,ne resonelce Il'ne due to coup-
llng rdth-a nucleus taving a quadnrpole @neat.

Perchloryl fluorlder CIO?F , has three
oxygens and a fluoilne tetrahädrally- arrargPd qFu!
thä"chlorlne. It do€s not have an observable dtpoJ-e
moment so the electrlc fleld about the chlorlne
strculd be reasonably symetric. Therefcre ore mlght
hope to obserYe splir coupling with the chlorine, or
bröadenfug of täe- fluorlne re$nance slgnal.

The gas vlas condensed lnto a sanple tube
and sealed under vacuum. Upon warnlng to roon tenpera-
ture a noblle llqrld is obtained, wittr the pressure ln
the tube belq abort ten atnosphenes.- No- slgnal could
be found fron-this sarnple so presumbly thls is a case
of (a) Quadrupole broadenlng of a fluorine resonance

S. Brownstel.n.

SB/dc



U. 5. NAVAL ORDNANCE TEST STATI()N
CHIN  LAKE. CALIFORNIA IN REFLY REFER TO:

P5B,/nru:c1
29 AprII l9(fr

! lro.ilori.ttmla {t t- sl

Dr. AkseL A, Bottner-Ily
Mellon ku;titute
lrLoo Fiftlr Avenue
Pittsburgh 11, Perura.

Dear Dr. Bottner-tsy:

Ilrrcl-osed B.re the latest results on the Nilft spec'[ra of diviq)r1-
mercury, tetravir{yltin and trivir5r).ahuninurn etherate. ',Ye feel that the
pre$ent rret of spectral parameters is gocxl to t O.2 cps.

The pr.oton spectra of divinyJmercury ard tetravinyltin exhibit
rrice satclliLe spectra frcrn coupling of aLL three viqyl protoru, with
nngrretic isoLopes Hgrss, Snrrz arvl Snrle (all wibh spin I = f/z). Nor.nal
aburrdances of these ale t6.9, ?.? and B./{, respectively. 'I'tre rnetal-
proton spirr-coutlling constant has the usei'ul effect of expanding the
pseudochernical--shift values in the satellite spec.tra. Since the electro-
positive metal atons terded to bring about coll-apsc of the uuain vinyl
spectra, it vras fourd useful here to.obtain approxiroate 6 - and J-velues
by first-orde" treatment of satelLite lines and then to refine these
before attempting to compute the ülain spectra.

oonputation of lhe ABC-type spectra was accrmplished usjing the
IBM-TO9 SPIN prograrn written by Holder, Abell ard von HoldL of th€
lawrence lladiation laboratory, Livennore, California. SPIN is a conplete
NMlt spectrun progran which rvill handle a )2 X tZ }laniltonian matrix,
hencc spin sy$l,efts of up to five spin 1/2 nuclei.

The spectra were run at 4O mc. using vacurmr-distiU.ed liquirls.
l]te tetravinyllrin spectrun \vas measured with cyclohexane as an extelrlal
standard in l/Ilnad concentric tubes. Standardization of the otlxer spectra
has not yet been done.

Divir\yhrrertury

l'he llg199 satellites rvere treated separately as ABC-l;'pe spectrit.
'Ihe fact that high- and low-field scts are unmixed indicatcs that all lltj-H
coulr1ir4J corl;Lanti; are of l,he same sign. (The rvolk of llala$irnlran and
liogerr on (lic.Lirylncrcur)/ shov,rs bhe i{11-Cl{2 arxl llg-Cl{3 J-vahres; al'c c,1'rrl.)pü-
si1.e sLigrr), !'r'om the pal'axicters obi,aincd 1'or the satellil,e spectra Llre
values 1'or Llre nrail s]pecLmrn lyel.c iielel'rn-ilrüd and lörurd l,ü give good a11rec-
ilidnt witii o[]rirrrved frcqucncic:; a.(Id ,iltcnsitics. llerjulLs arc irxuna}ized in
tlte f irral l.atrle.

1o1B/Ixn:ct
29 April 1960

Tetravir5rltin

T\ro sets of satellites arising fron Sn1r7 and Sn119 spin-coupling wer.e
observed as closely spaced doublets, sinee the gfrmagnetic ratios of these
two nuclei differ by .only 4.@. 'fhc Snrts spectra rvere analyzed as sepalrate
ABC-typesystems,assigningJ.inegroupsbyassurningthere1atiorrshl.pJ.>
J-.-> J-^_ for the vir\yl- protons. Tlhen the agreqnent between coäptä&Ncr-s' geü
and observed frequencies for the sa1,ellites ,rras witttrin experioental error, the
corresponiing parameters for ttre üErin spectn$ wer.e calculated. These also
resulted in an acceptable fit to the observed spectruro.

Trivinylaleinum etherate

The liquid studied is a one-to-one addition product of diethyl ether with
freshly prepared trivirSrlaluminum, since ttre pure vinyl cmrpound po\merizes
rapi!\y vhen isolated. Coupling corßtants from the previously studied naterials
and "guestiuated" chernical shifts wer-e used as initlal approxiuations for the
spectrru couputations. Subsequent trial- and-error refinernent of paraneters
br,ought the ccmputed frequencies into agreement with tire observed to t 0.2 cps.
This case convinced us of the need for a good l-east-squares refiner0ent prog-ran
which is no/rr being written.

&,@rary of NlilR Spectral Palaneters

Chemical Shifts, cps (relative to Hr) at, 40 ne.

Hr -M\^._.^/
//' \H2 -Hs

Jes

1' .1
11.2
1lr..B

Jz

,oL
182

Divirq;lmercury
Tetravirgrltin
Trivir5rlaLuroinulrr etherate

Proton-Ploton J-VaLues, cps

Divirlylmercury
Tetravinyltin
Trivinyl-alutrinum etherate

MeLal-Proton J-VaIues

Divinylurercury
Tetravir\yl-tin

Ilz
-22.O
-r7.9
-r2.'l

Hs

-r1.6
-2r.r
-22.I

Jrg
21.O
20.1
20.9

Js

ttz,\
99.4

Dorlald W. fi{oore

Hr

o
o
o

Jra

1.7
6.r

Jr
162.7
90.'l

1
9

o*o[t[' lft*,u4,tI
Physical Ciremistry Branch
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MAS5ACHUSETTS IN5TITUTE OF TECHNOLOGY

DEPARTMENT OF ChEMISTRY

CAMBRIOGE 39. MASSACHUSETTS

Mal' 1"8, lgbo

D,r. Aksel A. Botbner-B5r,
Me}].oor Instltute,
PLtt6brrrgh, ?enna'

DesJ Aksel:

-5o -46 :h -2b -tD O t0 u 30 rps

Fg,A 4o w. Nt4Q speolrun ol{iu;nylnlunritrum atrlrzmh.

ti*h CHz ponhon oP ellvr spectru,ft

Some tlme ago you senb ua a cotrlf of your-IBM ?Ol+ progran for

the calculatlon of hi*h'iäuoi"tr"" sp"cträ. In lts ori*lnal fonn

lt 16 rather tli"fficutt to-t^ot f" anafyzfng contplex spln systems

b€c&use of the forn or ü"*ärtp"t, r-ä.rv, a.table of Dumerlcal-

1l.De frequencles and' i""ä""itiä"'- In oräär-to use the output for

#;;;;il;äse (ero rit""l-it 1s absolutefv essentlal that a

pt_ot be laboriousfy "o"Ji"i.t"ä. 
tiven then, 1t is ofEen hard to

tornpare tbe result "rtn'ä*pi'"ft"nt 
vhen there are narDr near\y over-

,-**-o 1.rnFB ln 
"rr. 

tiruä"äi-rJ"i-upu"t"rr, 6lnce 1t 1s hard to knoL

ifitr äää"t."r.'l" intensttles ghoul-d' be atltted'

Accortllngly 6ome cbaDgea have,nov been rnatle' lfhe l-lneo re8u"ltlllg

fron your progran "tu riä-ota"red o'ccordlng to thelr frequencles'

AIL of tbe llnes, or tn"""-fyfng ln anJr chosen ra'nge of fTequency'

are ttren dlsp].ayeö o" 
"i!'fo"t*iJ"ttl1oat 

ray l:be' I4 th18 ö16p1ay'

each llae :.s repl-aced' ty""'iätu"i" :y""t:T:: characterletlc vltttb

1s cbosen 1n adwanrce, "l"""afos 
to the eq)erhental resolutlon'

fire talfs or au .opoää;-t;:*-;;-;d"ä vhere thev overlap' lltre

encl resu.lt 1g a catcutjiää äpä"iÄ "itio1-:A.^b" 
comparecl tllrectlv

vltb experlment. ro" Äii"ä cao be Fhotograpbeal w fl1p'p1ng a Bvltch,

or cards contalnlng o"t*ii"-f""f ehlf+s aüd-cornllna constants can

be feit Ln irmredlate\r" ;:ää;;i-ls in'rtrü ' l"og"" which vlrl

ne nlt L@ettlate mocüfiäio" oi tUt paraeeters by punchlog ln tbe nes

äo." oo a Flexonrlter kEtboar'l'

CoDles of the complete progrlm are a:1i1?'bfe to arcJrone who has

"""""I"{ä"ä 
iil-iitr- eiöä-'noiä"""t core stglXeo;f.:';"1::T.ä".1*"

ä;;i"v: The cllspt'av part of the progtam ooer

flve spl-n-Vz nuclel'

Yours glucerelY,

-22"t
H,

I

o.
Hr

lrtlttl

zJ.
c. s.lk,Jr

S. !üaugh
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OH CHEMICAL SHIFTS IN CHELATE STRUCTURES

J, H. Cbaudet

Research Laboratories, Teuressee Bagf,mpn Company, Divlslou of Eastman Kodak CompanS
Kingsport, Tennessee

The chemlcal shlft valuee at 40 mc. for the OH proto! ln several chelates were com-

pared wlth tlre offectiveness of the coryounds in stablnzrng cellulose acetate butyrate agalnst

degradation by ultraviolet radlatlon, A direct relation between the chemlcal shlft values and

stablllzlng effectiveness waa fould. The results are surrmarized ln the followlng table.

Stabilizing Effectiveness,
Chelate OH Chemical Shift, Cps. Hr

None

pared by mtlltng the compouude, ln 1% conceatratlon, with the plastlc. The effectlveness of

a compornd as a stabllizer was _measurod in terme of the hours of e:eosur€ requlred to cause

L 25% loBB ln flexural strengttr,

The above data show tlat the more uegatlve the chemlcal Bhift value of the addlüve, the

great€r te tts stabillzlng effectlvenese. It is suggestod that the OH chemical shift posltion ln

these compounds la a moaaure ofhydrogeu boud stretrgth. The stablllzatlou effectlveness of

the chelate-type strarcturo has long been aesoclated with hydrogen bonding.

The OH cheurical shlft posltlon for the chelaües ls not concentratlon dependent, as is

tho OH reeonance iu eysteme that contaiu itrtermolecular hydmgen bonds. The chelate OH

proton exchangos readlly when a mlneral acld ls added to the eolution.

Some dihydroxybenzophenones which contain two chelate structures glve two OH ros-

onauces, 2,2r-Dlhydroxy-4-methor<ybenzophenone ls an exaurplo, the two OH peaks occurrlng

at -207 and -268 cps. Symmotrlcal dichelate atructuroa,auch aB 2,o-dihydroxybeuzophenoue,

have a slnglo OH resonance.

Further investigatloue of theeo chelates are belng made.2, G-Dihydroxybänzopheuono

PheD.yl sallcylate

2, 2! -Illhydro<ybenzophenono

2, 4-Dthydmxybenzophenone

2 -Hydroxy-4, 4r -dlmethoxy-
boazophenone

-160

-220

-224

-280

-310

200

600

1000

1000

2400

> 2600

NMR spectra were recorded on methylene chlorlde or acetoFe solutions of the chelates

(concn., approx. 10% by wt. ). Water was used aa the external etandard for determining the

OH peak posltlone, Mirtures of tho chelates with 2, Gtihydrorybenzophenone were used iD

determlning the relatlve OH chemlcal ehift values.

Ilxposures to ultraviolet radlation were made in an Atlas Twin-Arc Weather-Ometer

tiat had becn nrodlfied by ttre addiHon of ten 2O-watt Westinghouse fluorescent sun lamps to

remedy t}te short-ultraviolet d€flcleucy of the enclosed carbon arcs, Samples were pre-
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Alruu c.rt{ Soct E'rY ron TEgnrrc M.rrpnuus

COMMTTTEE E.I3 ON ABSORPTION SPECTROSCOPY

CflrIAir E. J. HRUUXT o@F Ct Cßlmt'
*gchmt$ o re..ruct, BluD@El"' il'

Yr4cf,Nrut L ß XU4U&' lrd!ffiCl.@ @" rYdE[G r@'

tsG&tr i. r. no!3v' .ß'EffiHfiSlff13:".i, u.Dd, i. r.

Dr. A. A. Bothner-by - 2 xay 19, 196O

In thle eeee operatlng convenlence d.oes not allctate a partlcular locatlon
for the scale zero. Itre Just as easy to eet the tetrarethylsilene (or
other) peek on lO or ou 7 as lt 18 to set lt on zero. Uader tbeoe con<Il-
tlone one never eBploy6 the labortous eudlo-ln8ge method for meaeurLng
peak 6epaxatl,on6. Thls Bpeeals ulr the $ork coaeltlerebty and peroits the
stu<Iy of üBtry nore saüples ln e glven tLne. lte flad thlo Bysten to be
prectee to about + 3 cp6 at 6O nc antl ve aq)ect the preclalän to be 1D-
provetl stlllfrrther l-n the future, It rrlll stlll be neceao&ry to u6e
the auallo-irage methotl for aletemlnlDg.peak separatlona rltb preclslone
greater than ]".cps for tbe foreaeeable future, but thls caa generalJ-y be
conflned to the protluctloD of pemanent recortl spectre. It 1g Dot often
requl-retl for cnerJtlca)- vork.

I{hen the openator 18 tbus dlvorceil frou the euillo oBclllator,
he f1nt16 tbe parba-per-ullllon acale to be nore cleelrable thFn the frequency
aca].e becauae lt 18 frequency lntlepenalent aod perEltB the dlrect couparlson
of the chenlca]. Bhlfts of spectra nrn at all frequenclea. gpectrogcopists
who operate 1lt thls naoner do not thlnk 1n terrns of.cycle8 per geconal but
ln terta of parts per mllllon, ancl the frequency scale heq 11ttle utlüty
tn the Etutly of chenlce]. shlftE. It does, of course, haveüiLlty 1n the
Eeaeureue4t of coup1lng constauts. The operatlDg convenlenee, accuraclr
antl general utlltty of the hlghly etabl].lzed spectroDeter are so great that
1t seens qulte feasonab]-e that blgh-stabtltty syotens v111 be placed tuto
use ea fast aa tlevelop.ente ald econonlc8 v1ll pe:mlt. I{e Bhoutal, therefore,
ailopt a t'gtentla:rcl[ ecäte vhlcb wtJ"l be setlsfactory for tbese future
operatlng pra'ctlceB es veI1 as for the curent otlea,

Spectral Bca3.es rrhlch axe stanalarallzecl 1n tlLrectlon, length, qnd
ualte, ere blgbly tleelrabl-e for. a collectloD of reference spectra l.hlch
are to be searched 6s'lng tbe cour6e of ltlentlftrrlng unlrDovu neterlala. l{e
flntl the stantl,artuzetl epectra save conslalerable tlme 1lt recogn!.zlng enrl
faientlfylDg functlonFr groupB entl noLecu.Lar conflguratlono. To realuce the
xete of obsol-esceoce, the Btandard choeen ehou].tl be eppltcable to es nany
foreaeeable sltuatlonB a6 posElb1e.

One solutlon to both the operating convenlence problen antl the
tleEfu.abll-lty of hevlng completely stantlardlzed scales l-s the presentatlon
of nu-]-tlple Bca]-es on the spectrun. Ehe frequency scale coulcl, as the
Varlan group propo6e6, Btart et the Lnternal reference peak anal ru.E ln
elther dlrectlon ae dlctatecl by the operatlng convenlence of the auatlo-
rnnge methocl. There could then be two parts-per-mllllon scales, olre of
vhlch correspontle cllrectIy to the frequency Bcal-e. The otber would be theI'etantlard[ sca]e 1a thlch posltlve numbers vou]tl lncrease from ]-eft to
rlght vith the zero belng some[here near the center or left enal of the
scale l-1ke the API or rrtaurr acafe6. lfhe frequency sca,J.e and lta conespontt-
lng parts-per-nl"1l-1on scale voultl change ln zero posltion anal sonetlmes 1n
dhectlon wlth cb€.Dges ln lnternal reference naterl&l-, but the trstand€,ral,'
6cale {oul-d not change, anal vou}d be applicable to 41 1 lnterne1 refelence
compoundB and operatlng cond.ltlons.

Acltlrese Reply to3
Mr. N. F. Chanberlaln
Research and Development DlvLolon
Eunble O11 & Refinlng Coryaoy
EuEb].e Dlvl8lon
Batrüovn, Texas

llay 19, 196O

Dr. A. A. Botbner-by
Mellon InEtltute
\!oo Flftb Avenue
Plttsbureb J.3, Pa.

Dear Aksel:

In r.EI,IoNl.lR No. 13 Jln shoo].ery, IeRoy Johnson, antl l{ea An.Ierson

propoeetl a scheme for tbe presentatlon of NllR epectra' Thls scheme-projl'lea
'aatä nurcu lroulA be usabltatirectly by the operator shen tetranethylsllane
18 the lltelnal reference coupouncl- e'n'l peak 

'lisptacenents 
are leaBured by

irre auaro-r:nage method. The proposal hee conslalerable merlt unaer these

conö1tlons, aid therefore deeärväs conslderatlon' It 16 not, bowever' weJ-L

sulted to Äme other l4)ortaüt operattng condltl-ona antl proceclures. I
shoull llke to dl6cuBs aone of theee other sltuetlons antl propo8e lo'llflca-
tLon6 of Jlmts proposal to nake the scheme Eore vlalely appllcable at thls
tLue.

Althougb tetf,EnethylBllsne has provetl to be a good Lnternel
reference vlth viale eppl-ication, Lthe oot provetl to be unlver8ally appllcable.
fi aoes not appear tJbe sultable 1n aqueou.6 solutLons or at el-evs.ted

t"rp"t.t*." ä-r for tne etutly of nany slflcon coryoun'16' It vlrl-stlll be

,r""ä""t"y to use other lBtexnel referenqe naterlal-s for Eauy Etutlles' If
eacb epeätrr:n 1s narkeä vlth only a 61ngle set of scal-es, lt vlll elther be

o"ou""-""y to sblft the ecale zerö and poBslbly ltB dl-rectloo for each

referencä compountl, or else to glve up the convenlence of recor'llng the
auatlo catlbratlon osclllator readinge ilirectly'

I{henaproton.etablllzedoxsjlllarbldh-Btabtutyln8trreentantl
an x-Y recorder are avelLabl-e, lt 1s posslble to achleve qulte eatlefactory
accuracy for the measu.renent äf cneuical sbifts by uslng a Etan'lartllzetl
horlzonial scale rrhictr i8 61mp1y 6hlfteal sltgbt..y from spectnrn to spectro
to correspontl to the 6ol-vent ähttte tnalcated by the reference naterlal'

o\
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Dr. A. A. Bothner-bY - J

llFC: na

l{ay 19., 1960

o€PAttrExT or PflY$cg

talxt Lout6

Wy 2t, l960
The l,lEIJONl.lR 13 letter proPoses a scen lengih of B'33 ppn rlth

tetranethylsllane at the upper end of the ecale. Accortllng to our alata,
such a sc;n iaoultl exclude a few of tbe resonances oüserve'l in hlgb
mo]-ecular velght contleriEed-rlng eromatlc molecules and vould exclude
aldehytilchy.bogenTegonsnces.Incluslonofa}lthearo{!8tlc].esonAnces
requi-res a 

-ecan length of about 9 ppn belolt lllrB, vhl1e 1nc1u61on of the
eldehyctic hydrogen resona,nees requlres a scan lengtb of IO ppn belos lI!'S'

I thlok the eldehyrle group ls suffi.cientl'y con9on ln organlc ctremletry
to varrant lts lncluslon ln the I'stanalard scan", thu6 dlctatlttg a acan

Iength of J-O ppn fron flfi. Actual}y, of courae, one must allov-a.llttle
rooi oo eactr llce of the encl resonances for fu'Il presentatlon of their
sklrts anal for convenlent terüinatlon of the 6cales. Thls lequlrenent
extends the total sce].e lengttr to about lO.! ppn' lrhe length of 12'5 ppm

epeclflecl for the API spectra vas besetl, ae I remember, on operatlng
cinvenlence as dlctated by the characteLlstlcs of the Vaxian tlme-base
recorder rather than by a reel neeal for the presentatlon of l-2'5 ppE of

"pu"tta-. 
Hith an X-Y:reeortler, aspect ratlo an'l scan length are lnde-

pändent, 60 that a reconslaleration of thls speclflcatlon can be na'de vhen

X-Y recordere achieve wldespreacl r.rse.

VerY truly Yours,

"1' 
A' AU'*i4'za';-t

N. F. Chanberletn

Dr. Aksel A. Bothner-By
Asslstant Dlnector of Reseaneh
Mellon Instltute
44oo Flfth Avenue
Plütsburgh I), Pa.

Dear Dr. Bothner-By:

The desctrlptlon of the resolutlon and
sen8ltlvlty of a h1gh resolutlon apectroneten l-s a
refatlvely stralghtforwar.d matter, but I am unaware of
any sort of generaL yardstlck that nlght be applled to
the descrlptlon of such a spectnometertB lnstablllty..
Consequently, I would like to offer a posslble way, for
whtch I do not necessanlly clafun orlglnalLty and
completeness, that nlght be uBeful ln compan1ng varlous
spectrometers.

One can ldenülfy a noot mean square error per
seeond that 18 eF8entlally lndependent of tho Bvreep r:ate
and whLch descrlbee the lnstablllty of a spectrometen,
at least l.n fi:rst approxtmatlon. Runnlng the quartet-ln
acetaldehyde aeveral tfunes at a number of dtfferent gtüeep
rateB and then neasurlrtg the seperatlon between adJacent
llnes ylelded the followlng lnformatlon:

q-
+ 660 cps

218
16424

40 o815

where n= sweep rate, t= the avenage tfuie betweerr Büce-
eaalve peaks,Ü-= the ob8erved rma error arlslng 1n the
meaaurement of the spaclng bet$een two succesalve peakg.
and gr I = rt /t,.

At 56.4 mc/o thla anounts to an 1nstablllty of
L?.5/IO9. The lnBtrunent ls a Varlan V-qtoz
spectrometer replete wlth flux etablllzen. Blotter
paper has been pfaced over the pole cap covers and
stablLlzer colLs. One lnch of stlrrofoa.m covers the yoke.
The water ls held to r .OloC for perlods of at least an
hour at a tlme, and the a1r l.s held to rowbly tO.7oC.
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The quantlty seerns to have value ln Judglng- the
suftabffft:y of värlous methode for deteflnlnlng the

"üär""i 
shlft ae well as 1n naklng llne wtdth and

äreJ ruu"rrements. Furthennore lt offers a meana of
ob-lectlvelv decldlng dhat stablLlzatlon measures are
;;ä;;;.i+-ihro,ten cömpanlso! of this.quantltv for
ipectrornäte:rs ln dlfferent laboratorles.

Yours slncelrelY,
tjt

.,,/[ i ".,:,tt,t 
't I

Thomas R.
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