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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

GATER AND CRELLIN LaBORATGRIES OF CHEMISTHY April 27, 1959

Dr, Aksel A. Bothner-By
Mellon Institute

44O Fifth Avenue

Pittsburgh 13, Pennsylvenia

Dear Aksel:

Herewith are dravings of the magnet cooling-water system deslgned for
us by Mr. S. Shaner of our Physical Plant Department for the use of anyone
who might be interested in them.

Briefly stated, our problem was that we have the NMR equipment located
on the third flcoor of a bullding which has extremely poor regulation of
water pressure, particularly in the summertime. On many occasions, opera-
tion of the 60 Mc equipment was almost impossible, because of poor heat
dissipation., Also, we had occasional pressure drops so large as to cause
the Pressurtrol to shut off the magnetic power supply. Added to this, the
Pasadena water 18 normally calcium carbonate saturated which has led to
substantial trouble with deposits on the cooling coils.

These difficulties argued for a closed-circult water-cooling system
which might in some localitles be serviced by tap water passing through a
heat exchanger. However, it is illegal in Californle to use drinking water
for cooling in excess of S gallons per minute so that wve were forced to
elither a refrigerative or evaporative cooling scheme to avoid undue water
consumption. We chose an evaporative system slnce it seemed quite clear
ihat refrigeratior. would be too expensive If sufficlent capacity were installed
to get through ou:r hottest summer days.

The system (esign is based on the followlng method of operation. Heat
absorbed by the tooling water in the closed-circuit system is transierred
by means of the ieat exchanger to an open-circult system and dispoued of in
a forced-draf't ¢ooling tower, The cooling tower cools the magnet water to a
low enough tempr:rature to permit mixing with a stream of hot water so as to
obtain a constait temperature supply entering the magnet.

The mixing occurs in two stages; first, through the water blender (1tem
8 of the enclored drawing) whigh discharges water at 62-84° F; second, the
control valve 1ltem 2) introduces any necessary additional hot water to raise
the final tewmp:@rature to a set value (+ 0.5° F) between 85 and 90° F. A & KW
immersion heatzr introduces a constent reliable amount of heet into the system
for mixing purposes.

The system (for which a parts list will be supplied for anyone interested)

Dr. Aksel A. Bothner-By -2- April 27, 1959

1z made of standard commercinlly avalluble and very rugged control devices
sultable fur continuous operntion. Water is currently supplied to the

magnet at L0 psi and U5 +0.5° F. Tue system has been runaing for about a
month now with ne maintenance required except for oceasional cheske on the

water level in the expansion tank and servicing of the filter mounted on the
magnet .,

With the aid of thils epparatus, we have diminished the degree of drift
in our magnetic field by several orders of magnitude and usually the only
adjustment required from day to day for good resolution is a slight manipula-
tion o' the field trimmer,

I am not really sure as to whether this degree of water temperature
regulation 1s really required., However, now that we have 1t, we like it
very much and it has certainly sclved our blguest operoting problem to aate.

With all good wishes.
Very truly yours,
Jack

JUR/eh John D, Roberts
encs,
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ANGULAR DEPENDENCE OF ELECTRON~CQUPLED PROTON
INTERACTIONS IN CHz GROUPS™

H. 8. Gutowsky, Martin Karplus and D. M. Orant/

Noyes Chemical Laboratory, Universilty of Illinois

Urbana, Illinols

(Recelved April , 1959)

Experlmental and theoretical studles have been
made of the dependence upon HCH angle of the electron
coupled proton-proton interactlions in CHp groups. A
valence-bond approximation 1s used in the theoretical
treatment which predicts that the coupling constant,
Aggm, decreases from 32 cps to O cps for HCH angles of
100° to 125°. For angles greater than 1259, Aggm is
predlcted to be negative. Experimental values of Aggm
have been obtalned from analyses of the proton magnetilc
resonance spectra of a number of compounds, 1ncluding
several partlally deuterated specles. Insofar as the
HCH angles are known in these compounds, there 1s good
agreement between the theoretical and experimental
coupllng constants, especlally for angles smaller than

120°, for which Aggm changes more rapldly with angle.

Moreover, a negative value 1s found experlimentally for
Aggm at an HCH angle, in vinyl bromlde, which 18 approx-
imately that at which the theory predicts the coupling
to become negative. The substltuted ethylenes constit-
ute the largest group of compounds studied experiment-

ally. In them, AgH has been found to vary from 3.3

em

cps to -1.8 cps, while the Ag?s values range from 6.9
cps to 12 cps and the‘Aggans from 14.3 cps to 18.4% cps.
The various results presented 1lndicate that the value
of the coupling constant can serve as a measure of the
HCH angle. However, further work 1s needed to confirm
the rellabllity of the method and investigate the
effects of substituent perturbations.

30

25

0

100° 0° 120° 130°
H-C-H ANGLE

Fig. 10, A comparison of theoretlcal and experimental values
of the H-H coupling constant as a function of the HCH angle.
The line represents the results of the theoretical calculations
and the points, the experimental data. The three open circles
are cases in which the coupling constant was obtained from a sub-
stituted form of the compound for which the HCH bond angle was
determined. The polnts, going from the upper left to the lower
right, are for the following compounds: 1) malononitrile,

2) p-(p-nitrophenyl)-B-proplolactone, (3) acetone, (%) methane,

5) methylene chloride, (6) propylene oxide and styrene oxide,

7) N-methyl ethylenimine, and (8) vinyl fluoride.

e



Table III. Summary of H-H coupling constants and HCH bond angles
determlned experimentally. The bond angles lipted for compounds 17 to
20, incluslive, were determined for the unsubstltuted parent compound.

HH HH

Compound Agem Agyg Athans / HCH
1. methylene s
chloride 7.1+0.2 cps cps cps 112.0 deg.
2, malononitrile 20.3+0.3 105.5b
4. acetone 14.9+0.3 108.5°
4. methanel® 12.440.6 109.5
5. cyclopentene-3,5-
dione 21.540.3
6. trans-
cInnamaldehyde 15,6
7. trans-
craotonaldehyde 16.2
8. 2,3-
dibromopropene-129 2.1
9. 2,3~-dimethoxy
butadiene 2.2
10. q-methyl styrene £1.5
ll. benzal acetone
(cis and trans)Z7 ~12 ~16.5
12. methyl (cla and
Trans)
\yunoacrylate27 11.5 15.0
13. 3,3-dimethyl 1-
butene2s 1.49 +10.8 +17.5
14. phenyl vinyl
ketone 2.1+0. 1 10.8 18.4
15. vinyl bromide -1. 8+0 l +6.9 +14.3
16. vinyl fluoride®® (+7)3.2+0.19 120.5°
17. styrene oxide’ +5.4ip.1d +2.6 +4%.0 116.38
18. propylene oxtde’ 5.3+0.1 ~9.6 ~2.h 116.3%
19. B-(p-nitrophenyl}-
BBroplolactone! +16.6+0.2% +4.9 +5.9 1128
20. N-methyl d 1
ethvleniminela‘ +3.4 or +2.0 ? +2.0 or +3.4 116.7

- Table III continued on p. 3%a -

(Table III contlnued)
®R. J. Meyers and W. D. Gwinn, J. Chem. Phys. 20, 1420 (1952).
PN. Muller and D. E. Pritchard, J. Am. Chem. Soc. 80, 3483 (1953).

®s. D. Swalen and G. C. Costain, Symposium on Molecular Spectroscopy, Ohloc State
Universlty (June, 1958) We thank Dr. Swalen for calling our attention to this
value.

dOnly relative signs of coupling constants were determined from the observed
spectra; the absolute signs glven were assigned on the basls of theoretical cal-
culatlons which indicate that the larger H-H coupling constants 1n hydrocarbons
are positive.

€. Bak, D. Christenson, L. Hansen-Hygaard and J. Rastrup-Anderson, Spectrochimica
Acta 13, 120 (1958).

fThe HCH bond angle given 1s that for the unsubatltuted parent compound.

€y, E. Turner and J. A. Howe, J. Chem. Phys. 24, 924 (1956); the bond angle given
18 for ethylene oxide.

. Kwak , J. H. Goldstein and J. W. Simmons, J. Chem. Phys. 25, 1203 (1956); the
bond angle glven 1g for B-proplolactone.
1. E. Turner, V, C. Flora and W. M. Kendrick, J. Chem. Phys. 23, 1966 (1955),
the bond angle given 1is for ethylenimine.



CABLE ADORESS 'RESEARCH'

i YOUR REFLY FLEASE QUOTL

FiLE Na

NATIONAL RESEARCH COUNCIL
CANADA

DIVISION OF PURE CHEMISTRY

OTTAWA 2,

May 13, 1959

Dr. A.A. Bothner-By,
Mellon Institute,
L4OoO Fifth Avenue,
PITTSBURGH, Pa.,
U.S.A,

Dear Aksel:

I should llke to put in some comments on the suggested
attempts to dress-up the ordinary § symbol discussed by Schoolery
and Bothner-By, Lauterbur and Shapiro in MELLONMR No. 7.

My first comment is a general plea agalnst loading down
this useful symbol too heavily. I think we should remember that
published papers in which NMR has been used in a particular
investigation are apt to be read by quite a number of chemists
and physicists who are not speclalists in NMR. It is therefore
{mportant that the paper be readable and we should avoid putting
our termlnology in such a complex code that it is understood only
by a comparatively few specialists. Perhaps such a code might be
tidier but at the moment it would appear to require a rather complex
symbol to satisfy all situations, assuming such a symbol could be
agreed upon.

I would go along completely with Jim Shoolery!s definitlon
of § and its sign conventlon. If this can be agreed upon it would
in itself represent some progress, One would not object too strongly
to an added subscript or superscript, provided these would always
have a unique meaning and could be agreed upon. But this is where
the difficulties arise. Altually this whole discussion is really
only concerned with chemical shifts in different molecules or in
different samples or solutions. When we refer to "internal" chemical
shifts in the same molecule there is usually very llttle ambiguity
and for this purpose the shifts between nuclel A and B can be
referred to as AR ©T Ia-2:% In aromatic compounds it Is

frequently also convenient to distinguish ortho, meta and para
shifts vlz: §_, £, and § . Sometimes the nuclei In the

chemical formu?a are numbgred (and here ] would endorse Shoolery's
suogestion of a “"plcture" slice we are not all organic chem!sts{
and the shifts are identifled as J;, &2, &3 etc. Sometimes

too the specles of nucleus is Indlcated by a subscript as ¢fH, F
etc.

When we consider chemlcal shifts relative to arbitrary
reference siaonals we {mmediately get {nto a number of diffl-
culties. In the first place, If the above notation for "“intra-
molecular" chemical shifts Is maintalned (and it is very useful)
we have already used up the subscript, leaving us only a super-
script to identify a host of possible conditions, namely

a) What Is the reference?

b) Is it internal or external?

c) If external, was it corrected for bulk susceptibility?

d) Is the shift for the pure compound or has it been
extrapolated to Infinite dilution?

This is a tall order for one little superscriptt Putting the
chemical formula of the re e[ence in the form of a superscript
appears rather clumsy. & *P'* might be con{used with "internal®
or Intramolecular chemical shifts. If S%Xle is used 1t still
leaves (c) and (d) above unanswered.

While this may sound somewhat discouraging I bellieve
some progress can be made. I think there Is some merit in con-
sidering a second symbol, as suggested by Shoolery and by
Bothner-By et al. One symbol could be used for the primary
measured data and another for corrected data. This second symbol
could be designed so as to answer questlons (c) and (d) above,
leaving {a) and (b) to be designated by the first symbol {n some
suitable manner, This {s still not entirely satisfactory, but
in any case It {s difficult to see how one symbol alone can be
used to deslignate everything that Is contemplated.

There may be some advantage to using frequency units for
the primary measured data, since this is simply recognizing the
laboratory scale, (The comparison with Infra-red practice way
not be pertinent since in NMR the frequencies are relative only).
I think the questlon of defining a standard state would be diffi-
cult and perhaps premature. It 1s becoming increasingly apparent
that solvent effects are rather large, and as suggested by
Bothner-By, Lauterbur and Shapiro, the fdeal would be the gas
state, One could define as a standard environment Infinite
ditution in CCl,, but not all substances are soluble thereln.
Whether or not a sultable correction factor can be arrived at to
convert all measurements to such a standard state remalns to be

sSeene.
Slncerelf iours, s
- -

at W. G. Schnelder



UNIVERSITY OF WASHINGTON
GEPARTMENT QF CLIEMISTRY
SHATVLE 5

May 20, 1959

De. Bernard Lo Shapiro
Mellon Institute

HhOD W th Avenuce
Pllteburph 13, Pennaylvanla

Dear Borery:

Here, junt under the wive, s my conlvitbhutlon for
MELLONMB. T hope 1t 1a what you wanl, os T should Vlke to
conttune my subscription. True, "practlical" applicatlonu--
L.eo, ptructure determination, seem Lo have pot short shelft,
but 1L 1n pl11l] very Interestlng.

Theae apeebrn wore run Lo acecumilate nome information
about the posltlon of astrongly intramoleenlarly hydvogen-
tonded hydroxyl andas part ol & series ot oxyren hetevocyelen
of elmilar type., The shif{ta whlch may e nehieved by thils
Lype ol hydrogen bondlng are Impressive,  ‘the ¥ valuen were
deternined by measurding the spnctog of a 200 eps heat and
assuming 1lnear sweep behavior; so they may be in ervor by
ay much as 2 or 3%.

I have not tried to untongle Lhe complex of Lines
which are the aryl hydrogens excopl when the Interpretation
appears obvlious, In general, Lhough, In thgse caneaIn which
Lhe aryl hydrogen peaks are spllt Into two groups, T leel
that this represento the differventiatlon between the hydrogens
on the electron-poor carbons orthn and para to Lhe carbonyl
(low fleld) and those on the compnratively electron-rich carbons
artho and para to the hydroxyl(ns. It 1a true that the hydro-
wens ortho €0 the carbonyl group are probnbly lower than those
para, Pub there does appear to be a transmitled, conjugntlive
¢fTect ap well as a local, inductive one, Incldentally, I
nuspect that some of the shif't of the hydrogens ortho to a
carbonyl may be due to hydrogen bonding as (1) shows a good
doublet at 7 = ~0.09, which can reasaably be attributed only
to the hydrogen peri to the carbonyl.

“w'® ey

& T
Y
(1) (e
If this is the sort of material you want, let me know
and I'll send aome more, particularly of mixed oxygen heterocycles.

Best regards to yourself and Aksel. Any chancc of
your belng out here for the Organic Divielonal Meeting?

3incerely,
- K)_Eﬂa,ﬂ-

George H. Stout
aj Asslstant Professor
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AMERICAN SOCIETY FOR TESTING MATERIALS

“ COMMITTEE E-13 ON ABSORPTION SPECTROSCOPY
CHAIRMAN, E. 3. ROBENEAUM, SUN OIL €O., MARCUS HOOK, Pa,

o ViCa-CHaIMKHAN, L. E, KUENTZIEL, WYANDOTTE CHEMICALS CORP., WYANDOTTE. MICH.

L)

SacreTany: R. F. ROBEY, ¥880 RESEAACH AND ENGINKURING CO..
CHEMICALS REGEARCH RiV., BOX D1, LINDEN, N, 4.

Address reply to:

Mr. N. F. Chaumberlain
Resemrch and Development Division
jlumble 011 & Refining Company

Baytown, Texus May 21, 1959

br, A. A. Bothner-by

e Mellon Instltute

Lhoo Fifth Avenue
Ptttsburgh 13, Penasylvenia

Desr Aksel:

The thoughtful discussion of nomenclature end referencing
procedures which have appeered in MELLONMR will be very helpful to the NMR
Subcommittee of ASTM Commlttee E-13 in formmlating standards which will be
widely sccepted within the shortest time. The need for such standardizea-
tion is recognized internationelly, and we have the unusuel opportunity
of achieving internatlonal egreerent on important items in the early stuges
oPF the development of NMR. I hoje that many more workers in this fileld
will express consldered opinions soon.

One thing that must be decided early in the process of setting up
nomenclature 1s just what informetion the symbole should comnvey. The varia-
bles involved in determining rescnance displacements are the nature and
concentration of compounds in the sample and in the reference, referencing
technique, temperature, operating frequency, isotope observed, and scale units
used. It is aleo deslrsble to differentlate between displacements of indivi-
dusl peaks end displecements of bands (chemicel shifts). It seems unlikely
that a single symbol of manageeble size cun be devised to define all these
variables, put 1t 1s pussible to devise symbols which explicitly define
some variables while impllcitly specifylng values of other variables by
definition.

gSome displacement symbols which have been proposed and the informa-
tion they convey ere listed below.

Symbol Information Given by Symbol
Referencing method (internal or external).

int. Sext. Resonance used to determine scale zero, indi-
_ or I3 cated by bar.
CeHg Cg H6 Scale, by definition. Parts per million, in-
creasing in direction of increasing shlelding.
Displacement for bands (chemlcal shift), by
definition.
Isotope belng studied, indicated by bar.
int. Same as above except scaele unlte are cps and
dlsplacement is for individual peaks.
—Uceﬁe
int. Seme as above. Used to obtain positive dis-
T = (E; _ + 10.00 Placement values when SiMey 18 used to deter-
81(CHg)y mine scale zero.
g = T when sample is run at Referencing method.
< 5% concentration in Resonance determining scele zero.
CCly at spprox. 30°C. Scale
and SiMe), concentration Displacement for bands.

is 1% of less. Solvent and concentration.
Reference compd. concentration,

Temprature.

The first symbol, it seems to me, conveys the informetion one needs
to determine whether one set of data 1s conslstent with another set or
whether conversion or major correction will be required. For conveylng asddi-
tional information I favor the use of additional statements or numbers follow-
ing this basic symbol but not necessarily forming a part of it. The paren-
thetical number or letter following the symbol,with eppropriate diagrem (as
suggested by Shoolery, MELLOHMR 7), seems like a good way to designate indi-
viduel resonance peaks or bands.

I believe that simplified symbols with the complex definitionms,
such as the last two shown above, are more satisfactory than the complex
symhol system proposed by the Mellon group in MELLONMR 7. I also like the
iden of defining a standard state such as infinite dilution in CClk, but we
may have to collect much more information about solvent effects before s
satisfactory standard state can be defined. Meanwhile, perhaps 1t would be
good to use the Mellon suggestion of a superscript indicating the solvent to
which the infinite dilution data refer. This would mske the basic symbol

CC1y,
10+ (a) for the displacement of resonance band "a" from

S1(CHs )y,

(8iMe) - 10) at infinite dilution in CCly, which can reduce to the special
symbol o(a).

Sincerely,

N. F. Chemberlaln
P.S. The monthly bibliogrephles are very convenient and helpful, Thanks.

NFC

‘0T
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Imperial College,
London, 8.W.T.

22nd May, 1959.

Dra. A.A. Bothner-By and B.L. Shapiro,
Mellon Inetitute,

4400 Fifth Avenus,

Pittesburgh 18, Pa.

Gentlemens

We have noticed that the proton resonance speotra of organometallic
compounds often cannot be interpreted on the baeie of the normal correlation
rules, The compounds we have been looking at contain olefine moleculea
bonded to metal atomaj each olefine group is usuaully regarded as donating
two x-electrons to the metal atom to give the latter an effaotive inert gas
configuration.

In some compounds, such ae some ethylene derivatives of platinum,
the resonances of the protons on the bonded olefine group appear in abaut
the same region as those on simple olefines, but in others the Yolafine®
proton resonances appear at higher fields by about 2-6 ppm. An sxamplsoof
this behaviour was found in the compound (I—C,H,)(CO)aReﬂ |

in which the bonded olefine protons appear about 2 ppm. to a higher field
than the non-bonded ones. Another example, shown in the attached dlagram,
is the norbornadiene derivative of iron tricarbonyl.

In compounda derived from conjugated olefinas (oyolopantadienée)
cyoloheptatriene and butadione), only some of the Molefinae™ protons have
moved upfield, although all the x-electrons aseem to be involved in the
bonding. The effect is seen best in the oyclopentadiene and butadiene
derivatives, a few of whose spectra are shown. The multiplet structure of
the bands can be interpreted to show that it is probably the terminal protona
of the 7 \\ group whioh move upfield. Also, in the iron tricarbonyl
derivative of li12:3:4-tetraphanyl-butadiene the two terminal protons again
appear at a fairly high field (2.38 ppm. on the soala of the diagramu).

In both types of compound the metal atom probably lies above the plane of the
M\ group, which causqs the two protons of the CH, group in tha

cyclepentadiene compounds to be non—equivalent. The two protons of each
CH, greup in the butadiens compound are also probably non-equivalent.

It is tempting to say that the n.m.r. spectra show that these
compounds have a structure like this: with two

metal-caibon bonds. C\/"r ' e

However, the infrared espeaira don't agree with this. They show
the presence of olefine-typse C-H bonds but not the linas whioh would be
aexpacled for aliphatio-typs C~if bondes at the terminal oarbon atoms.
The inCrared correlalions are fairly waell established and it seems thai the
four oarbon atomp in the vonjugated group are sp? hybridieesd. In oontrast
to almple olefine mnleoculas Lthe carbon W alectrons in ohfm.-,uui tomylexes
ore (mvolved in bordig o Ue molal alem, Work
in progreass by Ur. L.M. Jackman indicates that the magnetio anlsoviropy arising
from Lhe n eleotrons produase a paramagnetia contribution te the shift of
normal olefine protons, and if this aontribution were deoreasad by bonding to
the metal, these proton resonanoes would appear at higher fields. (A similar
effect oould explain shifte to higher fields of protons on an aromatis ring
when the ring 18 bonded to metal atoms in mandwioh-type utruotures.)

The separation ol the resonances of the oonjugated olefinas groups
into high—~ and low-field groups mey indloate that x eleotrons are lonaelised
over the oentral atoms of the group, but we ocan't he sure of this. The
shifts ocannot be interpreted solely in terms of x eleotrona, since they depsnd
on the elactron oiroulations in the whole moleocule, inoluding the metal
orbitals. Bven If the C-H honds were all alike, ihe magnetio shielding
experlenoed by the terminal protonas could bs quite different from that at the
oentral ones, depsnding on the relative orientations of these groups. At
present we have few data on the oryetal struotures of theme scompounds.

Although the n.m.r. speotra don't tell much ahbout the bonding in
these compounds, they have been useful in determining the moleoular
oonfiguration and the nuwnbera of equivalent protons. For exanmple, in the
oobalt compounds the single line {intensity & 5) comea from the 5 equivalent
protons on the C,H, oyoclopentadienyl ring. The triple line at low fieids
comes from the two equivalent protons H, end H ) each is split into s
doublet by the nearest proton of (H, + H,) and again into a doublet by the
furthest proton of (1{z + H,), the overall aplitting being the smum of the tweo
doublet splittings. The rest of the apmctrum is simpleat when one proton
(Hx) of the SCi, group is replaced by a nogative substituent whose ypresence
ahifte the line from ihe other proton (HP] sufficiently far away from the
(#, + H,) lines to allow an “innoocent firat-order® interpretation to ba made.

In the =CCly derivative, the H@ 1line is aplit intn a triplet by the
two equivalent protons H, and Hyj in the -CF, derivative 1t is further mplit
by the thres fluorine nuclei to give a quartest of triplets. The fluorine
resonance of thin compound is m doublet whome splitting (7.4 + 0.1 cpa) ia
the aame as that in the quartet. The protone (H, + H,) show a quartet line
which should be a triple doublet) the overall splitting 18 the same am the
sum of the oplittings in the other two groups. In the paruat compound, with
tho C4lly group, the (llz + H,) ;1naﬂ lie olose to those of He and Hg.

However, Ho i in a different environment to Hg, being closer to the metal
atom, and these two protons can be regarded roughly as an AE pair. When H«
is replaced by deuterium, the jtwo linem amsigned to it disappear and the Hp
line appears at the position %uloulated for 1t from an AB pattern.

(The tron butadieneftrloarbonyl wan kindly given to us by Dr. Pauson
and the tetraphenyl derivativis by the European Research Associates.

Youra sincerely,

L. Pratt.

1. Green and Wilkinaon, J. Chem. Soc., 4314 (1953).
2. Qreen, Prutt and Wilkinson, J. Chem. Soc. (in the prena).
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13.

HIGH RESOLUTION PROTON RESONANCE SPECTRUM

OF THE CH, GROUP IN PURE ETHYL ALCOHOL (30.5 MCS)
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