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serlal nunlber was glven to the palr of peaks so that the coffe-
spondlng frequency coul-d later be detennlned, The operator
then lnereased the frequency by a sma11 unknown amount, usually
about 0.02 cps. and ran through the peakB agaln ln both dlrec-
tlons. Agaln, the perlod was read, recorded, and a Berla1
number asslgned to the pelr of peaks. Thls routlne was repeated
untll- lt was apparent to the operator that the superposltlon
frequency had been passed. At thls polnt the recordlng con-
slsted of a serles of palrs of peaksr each palr havlng a serlal
number asslgned to 1t. The envelope of these peaks was nearly a
smooth curve whlch went through a maxlmum. By taklng thls entlre
serles of measurements, apurlously large or sma1l slgnal-s due to
drlft or lnstantaneous changes ln the honogenelty of the flefd
could be dlsregarded. After the serles of peaks had been recorded
the operator declded lf the gondltlons had remalned conetant
enough durlng the run to make.the results meanlngful. At thls
polnt the entlre run could be dlsregarded. However, lf 1t was
accepted at thls polnt, lt oould no longer be thrown out. If
the rrrn was acceptable to the operator, wlthout knowledge of the
frequencles correspondlng to the varlous peaks he deslgirated one
peak by serlal ru.lmber as belng the best superposltlon. The corre-
spondlng frequency was then tabuLated.

The tr'ro people maklng these runs swltched off ln the two
posltlons. S1x such determlnatlons lrere made on each sanple.
All determlnatlons were made at 60.OO32 megacycles. The results
and sanple temperatures are tabulated ön Encl-osure (f).

From the8e measurements we have concluded,1n agreement wlth
you, that the cap1l1ary nethod of extiernal referenclng 1s qulte
sultabl-e for hlgh preclBlon work. Al-though the dlfferences
between the measurements 1n the varlous laboratorles are larger
than the most probäble error, theyare qultesnral1. It ls dlfflcutt
to lmaglne cases where thls nagnltude of systematlc errors would
cause trouble. Moreover, the random errors 1n both laboratorles
are sufflclently small to all-ow very preclse self-conslstent
measurements to be made on a slngle lnstrument.

For very preclse work, we reconmend the procedure outllned
here. Although 1t takes somewhat more tlme to complete a measure-
ment by thls method, small changee ln the f1eld homogenelty and
errors lntroduced 1n frequency countlng of a slne wave can be
substantlally mlnlmlzed.

Slncerely,
/1t n1 J--

dtar, //(rtellu
Leon Petra}(ls

c4,/- fl J*&Z&,,
Charles H. Sederholn
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Drs. A. A. Bothner-By and B, L. Shaplro
M. E. L. L. O. N. M. R.
Mellon Instltute
4400 Flfth Avenue
Plttsburgh 15, Pemsylvanla

Dear Drs. Bothner-By and Shaplro:

In MELLoNIvIR No. 9 you lncluded a 1etter on externaL
referenclng of oamples. In an effort to flrther pursue thls
lnvestlgatlon, we have remeasured your sample tubes numbered.
71*78 ln thls laboratory uslng a sllghtly dlfferent technlque
lrhlch 1s descrlbed below,

Our Hewlett Packard rnodel 2OO.T audlo osclllator was modl-
fled 1n order to nake posslble much flner adJustnents of thefrequency. Thls.was accompllshed by ganglng three Erle tub-ul-ar condensers (1-8pp fds. ) and connectlng these 1n paral-lef
wlth the three tunlng conden8ers 1n the osclllator. thls made1t posslble to ohange the frequency by lncrements of approx-
lmately 0.OO5 cps. whloh 1s of the same order of.magnltüde asthe stabl]lty of our osclllator.

In order to detennlne the frequency to thls accuracy aHewlett Packard electronlc counter, model S24D, was ernplöyed.
The perlod of the modutatlng slgnal was measured rather thanlts frequency. By so dolng, a readlng could be taken to s1xflguresl only flve of whlch were slgnlflcant because of thelnstabll1ty of the osclllator. No errors were lntroduced byuslng a slne wave dlrectly rather than convertlng 1t lnto a
serles- of. pulsesi see MELLONMR No. 9. Moreover, a readlng
could be taken ln mllllseconds rather than havlng to let ihecounter count for ten second perlods.

[he sldeband of the stronger slgnal was a]-ways super-
lmposed on the weaker s1gna1. The amplltude of the auä1oosclllator was adJusted Äo that when -the sldeband was almost
Buperlmposed on the weaker slgnaf, the peak helghts ol ühe twoslgnals were equa]. After thls had been accompllshed, theslgnals Were roughly superlmposed uslng the os-ltloscope. The
modulatlng frequency was deoreased by roughly O.Z cps. The
slgnal,s were then recorcled, both ln the directions öf increaslng
and decreaslng fleld, on a Brovm record.er wlth a /4 secon<i tlne
consbant uslng the sl-ow sweep unlt. A second person reacl thecounter and recorded the perlod of the modulatlng slgnat, A

Enclosure (1)



T\rbe
Number

Temp.
Ave. ärb

?37 .65
t. 01

a)
b)

x?/s = 1EB.4s t.ot. '

At 60.0052 megacyoles or 237.64 at 6O megacycles,

Leon Petrakls and Charles H. Sederholm

Department of Chemistry, Unlverslty of Callfornla

E4
Fo
ts
o
(n
g
r-J

o

H
N)

?37.575 237.687 ?3T,TQ5 23T.6tT
t. OOZ t. OoT t. oos t. ooo

237,65 * .A2

TL

300c

237,58
237.58
257. 58

257. 58

237 .57
237.56

T2

7ga Q

2,37.72
237 .68
237 .67
23T.TO
237 .6s
23T.TO

237,73
257. 68

z3T.T2
23T.TL
?3T.TO

237 .69

lÖ

28oC

237 .64
237 ,6Q
237 .62
237 ,6L
?37 .64
237,59

T4

2go c

237,65 t .01

TTT5

500c

23T.TO
237 .69
257.68
237 .63
?,37 .69
237.66

237.675 237.647
t. oor t. ooe

TA

500c

TB

Sooc

237 .64
237 .6L
?37 ,65
?37 .63
237 .60
237 .65

237 ,630
t. oos

237 .65
?37 .60
237 ,6?
?37.65
237 .65
257. 68

broken



Tnn Up.roun Coupl,-lvv
FINE fJHARMACEUTIGALS STNCE I88O

KAr-aMAzoo, MTGETGAN

NESEARClT I'IVISION
November LO, I9>9

Dr. Aksel A. Bothner-by
Asslstant Dlrector of ReEearch
Mellon Instltüte
44oo Fiftlr Avenue
Plttsburgh lJ, Pennsylvanla

Dear Dr. Bothner-by:

Recentty ve converbed our Varlan 4JOO-2 spectroneter from l+O to 60 nc
operetlon. glnce others nay be conBlderlng 6uch a converglon, the
re6ulte mey be of getrerel 1ntere6t.

A, Effect6 on the spectra

For the lncreased. frequency tbe resonent fleld strength has been
lncreased froü grLOO to 1l+rloo gauss, Thts enheces chenl€I
6h1fts and decreases second.-order spllttin8. Enhancenent of
chenlcal shlft ls clearly of great value. The effect on the second-
ord.er sp]ltting nay be seen for the ethyl group as an exmple ln
Flgure 11. The flelal Lncrease serves to diminlsh o by one-third,

Rlhenol, vblch is not hlghly coupled l^Lo = "". o.07, @60 = ca. O.O5),
1s only slightly slnpllfled, as shom In Flgu-e II. Tetraethyl-

sllane, whlch is üore hlghly coupled 1^[o = -o,471, .60 = o.]r),
shows 6reater inprovenent (see tr'lgure IfI). The 60 nc. spectm
flts the theoretlcal spectru for o = O.)1, obtalned by lnterpolatlon
of tr'lgure I, surprlslngly vell.

[tre lmprovement ln the resolutlon of the spectn of Eterolds was
qulte drmtlc. See Flgure fV for exml)Ie.

3. Sample requlreeent

The lncrease in frequency has lovered the concentratlon requlrement
on the 6mple by about one-helf, end the improvec receiver al-lovs
useful spectra to be recorded at a nuch hlgher galn, the result 1s
that mny sterolds vhlch vere ellnlmted eerlier by solublllly
requlrements are hov good subjects for Nl{R study. Sanple concenLre-
tlon requireilrents for \O mc. operatlon vere glven by Shoolery and
Rogers2, Date are recorded for 60 mc. spectra ln tr'l€iurt V.

The expert operatlon af the spectr@eter by |4I. Forest l{acKellar is
gr&tefirl1y acknowledged.

Very tnrly yours,

..,,'i..,,.,,- \ !.. ..-/)
Ceorge Slonrp
Dcpartnelrt of PliysicaL
ün(1 Arlalytical ChenLisLry

lß. I.,. M"Coru..y anrt (i. Slornp, J. {iireur. i,hyrr. j,0, I,,ij'., (f().jy)r
,2

J. N. Shoolery und M. tl. fiogelr:, J. Am- Clr(rr. s,.,,,. !lQ, ',Lit.L (fv:,,.t)

tr'lgure 1 , - Celculated hoton ldagnetl.c Resotr4nce Spectra for {bree-4ytlrogeÄ.-
[r{o-4droqeq gy6ten.
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I'le:. 2.-N.M.R. Spectre of Ethanol et l+O and
60 nc., Quartet Portlon.
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Proton lCagnetlc Resonance Spectnla of ALunJ,lun trtrnethyl Dirner

Slr:

It has been shovn uslng X-ray dlffraction datgl that aluminun

(1) p. H. Lewls €nd€\3)Rundle, J. cherl. FWso, 3b 986 (1g51.l.

trinettqpl existg in the solid state as a diner with two nethyl groupe

fonalng bridges between the alunlnunr atoros. The compound. also appeare

to be predoninantly dimeric in benzene solutionz and in ths gaseous stat".3

-2-
Todecldebetwoentheseposeibilltleswehaveexarcinedtheproton

resonance spectnun at 56.41+5 nc of a llquid solutlon contalnlng appro:d-

nately 12 nole per cent of A12Me5 ln cyclopentano, betl'een 256C arÄ -7'"C'

At the 1ow tenperature we observed the two signals expected for the bridge

6tructure. rlJe detected no further spltttln8 of the smaller peak, shoillng

that tho protons in the bridglng net\r} groups rernaln nagnet'tcal\y egulvalent

al -'15'C. Using the solvent resonance as an lnternal standard r*a found

chenLcal shifts of +1.04 ppo and +2rI? ppn respectlve\y for tho Protong

of the brldglng and the termlnal metryI groupso As the tenperature

increages the pealis flrst broaden and eventually coalesce to a slngle'

sharp peak at +1.?9 ppn, preclse\y the weighted avera8e of the low-

tenperature shifts. Ttris behavlor l"s characteristlc of an occhange procegg'

(5) nef. {', PP. 218 ff.

l{o are studying the detalled tenperature-dependence of this spect):tutr

ln order to obtaln the activation enerry of reactlon (I) as accurerte\r
oßTAtleD

as possible. The data alleady mF üh lndlcate that thls onerry is

between 6 and 14 kca/noI. The heat of dissoclation of the dlmer is 2O'2

kca/nol at 1C0 to 150"C in tho gaseoue phase. Irle conclude that A1Me3

mononer probably ls not fonned as an internedl-ate in (1) but that the

exchange ls an intrarnolacular proceos' r'oroation of the transition sbaio

ney involvo the breaking of one C---Al bond, or perhaps a defonoatlon ot

the tlolecule ln lrhlch no bonds &re broken, Ioading to a gtnrcturo halrlng

four blidging methyl gt€ups at the corners of a sguare, i'e'

lrlo.rcninr 19, 1959
ii
ll
il

(2)

(J.l

K. S. Pitzer and H" Sr G.rtowslqy, J. An. Chen. Soc.p !$; 2ZCl1 (L946\,

A. Ido Laubengayer and ll" F. Gi]-liarn, f!19., €,, l+7'l Qg4'J'l,

It 1g therofore surprising thaL the roon-totperature proton nagnetic
4

reson&nce spectrum of the f-iquid conslsts of a single peak rather than

(4) J. A. Poplo, t{" G. Schneider and H. J. Bernstelnr tHl-gh-resolulion
Nucl-ear I'iagnellc ReeonancertrlilcGraw-Hltl Book Co., New York, 1!J,p,
p" 296.

a pair of signals with relntive intensities I;2 correspondlng to protons

ln brldging and in terninal nethyl groups, respectively. This indlcates

either that all the protons are magnetica)J-y oqulvalent or that the two

specles are involved ln a rapid exchange process which nay be represented as:
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The 3ti orbitals of tho alunlnrun atoro would then be expected t'o contribuüe

to the bonding, i,nvc,lvlng four electron pairs jn six-center tnoLecufar

orbltale.

This work was nade possible by grants froni the itrrdue l(esear'lh

Foundation, [. 1. du Pont d.e Nenours and Conpany, ard the ljablonal

Scj"ence Foundatlon. 'le thank Professor Grant Urty and i"Ir. Jarnes lluss

for the sample of Al,2ivje6.

Norbert i,tufl"er

Dornld E. Pritchard

(6) Lubrlzol Corporli.tion Predosioral Fe]low.
Dr. Richard !gg!99
Gulf Research & Development
P.O. Drawer 2OrB
PlEtsburgh ;iO, Pennsylvania
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Dr. P. L.
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Conrpany, Inc
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Mr. 1. J. Curphey
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Harvard Unlversity
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Dr. Thonas R. Hughes
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Wa$hington University
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