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PETROLEUM AND ITS PRODUCTS

GULF RESEARCH & DEVELOPMENT COMPANY

P. 0. DRAWER 2038 * PITTSBURGH 30, PA.

N D COGGESHALL

DIRECTOR

COMPOSITION AND STRUCTURE DIVISION August 27, 1959

Drs. A. A. Bothnerby and B. L. Shapiro
Mellon Institute

4400 Fifth Avenue

Pittsburgh 13, Pa.

Gentlemen:

In many instances the quantity of sample avallable for an
nor analysis may be limited. One such instance is in dealing with
fractions obtained from a separation by gas chromatography. The usual
sample requirement when using standard 5 mm 0.D, glass sample tubes 1s
approximately 0.2 cc. A Varian Technical Information Bulletin (Vol. 2,
No. 3) describes a technique whereby the sample requirements can be
reduced somewhat by the use of nylon plugs, although attempts to carry
this too far result in a decrease in resolution due to the distortion
of the magnetic field by the plugs.

We have had good success by using a different approach to the
problem, This consists in raising the sample tube so that the bottom
of the tube 1s very near to the bottom of the receiver coil. In order
to allow spinning of the sample, a nylon bushing is inserted into the
probe ingert above the receiver coil as shown in the accompanying figure.
The bushing is made to fit tightly into the insert and the hole 1s made
large enough to allow the sample tube to rotate freely in it. The
bottom nylon bearing normally used is removed. The sample tube is kept
from sliding down any further after it is positioned by a tight fit in
the spinner rotor. The optimum position for the sample tube is found
by trial and error. (The dimensions on the figure are for the 40 mc
probe in use here.) There is very little adverse effect on resolution
even with very emall sample volumes. Satisfactory spectra can be obtained
on samples of a few hundredths of a cc in ideal cases. The bottom bearing
is no longer used even for conventional samples.

We have installed the field gradient colls described by Dr.
Bothnerby in Mellon NMR No, 9 with excellent results.

Very truly yours,

Wﬁ4i{mﬁ

Robert J. Martin
GFC S
RIM:st
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1. Sample volume greater than 0.3 ml with

normal position.

Sample tube raised. Recorder

2. Sample volume equals 0.03 ml.
gain 5 times that of 1.

Recorder gain same as 2.

3. Sample volume equals 0.05 ml.

Spectra of ethanol + HCl obtained using nylon bushing to minimize sample
requirements. Sample is not degassed. The magnetic field was not readjusted

for any of the spectra.
R. J. Martin
Gulf Research & Development Co.



HARVARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

12 Oxford Strees

Cambridge 38, Massachusests, U S.A.

August 25, 1959

Dr. Bernard L. Shapiro
The Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Barry:

Please forgive this rather tardy contribution to M.E.L.L.O.N.M.R.,
but my recent marriage has put me somewhat behind in my correspondence.

Users of deuterochloroform may be interested in a method we have
developed for the preparation of this peerless nmr solvent. It is a modification
of the method of Lord, Nolin, and Stidham, J. Am. Chem. Soc., 77, 1365
(1955).

In a 500 cc three-necked reaction flask fitted with two dropping funnels,
a Dean-Stark moisture trap, and a condenser connected to a vacuum line, are
placed 15 g. analytical grade calcium carbonate and 15 g. analytical grade sodium
carbonate. The solids are dried for twenty hours at 145° C. and 100 M pressure.
The flask is cooled and dry air admitted. The vacuum connection to the condenser
is replaced by a calcium chloride drying wbe, and 33 g. (30 cc) of deuterium
oxide (99.8 per cent deuterium) are run into the flask through one of the dropping
funnels, The flask is immersed in a heating bath held at 115° C, and 70 g
(40 cc) of hexachloroacetone* are added dropwise to the carbonate mixture
over a period of 1.5 hours. The temperature is held at 115° for an additional
1.5 hours, then raised to 160°, and held there until no more deuterochloroform
distills into the trap (about four hours). The product is withdrawn from the
trap, dried over Drierite, and purified by a bulb-to-bulb vacuum distillation.
The yield 1s 50 g. (B0 per cent based on hexachloroacetone) deuterochloroform
of 99.6 per cent deuterium content (mass spec).

*Hexachloroacetone was obtained as a gift from Baker and Adamson. The ma-
terial as supplied was purified by fractionation at reduced pressure through a
68 x 1.5 cm vacuum jacketed column packed with 1/8 inch glass helices. Those
fractions showing negligible nmr absorption were used in the preparation.

Dr. Bernard L. Shapiro -2- August 25, 1959

By evacuation of the reaction flask about 20 g. deuterium oxide may be
recovered.

As a parting shot I might mention that we find it somewhat more con-
venient to use hexamethyldisiloxane as an internal reference rather than tetra-
methylsilane for two reasons: the former is considerably less volatile than the
latter, making it easler to handle and measure out; and the siloxane needs no
purification to remove ether as does the silane. The single sharp peak of the
siloxane falls 2.0 cycles (wiggle-beat method) to the low field side of the silane
at 40 mc * Incidentally, the ether impurity in tetramethylsilane can be most
simply removed in an apparatus consisting of two flasks connected together
through a wash bottle containing concentrated sulfuric acid, The silane is
placed in one flask and allowed to distill at room temperature through the
sulfuric acid into the other flask which 1s cooled in a methanol-dry ice bath
and is protected from moisture by a calcium chloride drying tube.

Yours sincerely,
Towr

Thomas J. Curphey

Determined on a sample containing 5vol.% each of hexamethyldisiloxane
and tetramethylsilane in carbon tetrachloride (not degassed)--estimated
accuracy plus or minus ,lcps. This value is in good agreement with
that of Tiers,. M.E.L.L.O.N,M.R. #6, Page 5.



CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA
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September 2, 1959

Dr. Aksel A. Bothner-By
Mellon Instltute

440 Fifth Avenue
Pittsburigh 1%, Pa.

Dear Aksel:

You and your MELIONMR readers may be lnterested in a NMR
study completed here by Dr. A. Loewenstein (Weizmenn Institute) of
the ionizatlon of cltric acid. The problem was to determine the se-
guence of loss of the lonizable protons with lncreasing pH in aqueous
solution and was originally posed to us by Dr. Donald L. Glusker. So
far as I am aware the NMR method 1s almost unique in its ebility to
handle this problem.

br. Loewensteln measured the chemical shift of the methylene
hydrogens (which appeer as an AB guartet) in citric acld as a function
of pH concentration at 60 Mc. On the assumption that all lLonizable

= - y - y ————
s @ L3
38 .
L]
[
30 ¥
: P
]
~
& L]
3 -
5
2 -
°
TG acin
£ 1L33W o
e LRI R
@ Gt e
- [T
o
¢
[EYS
fa
4 L uE L —J
0 2 4 6 8

and lonized specles are rapidly interconvertea in ayueous solution
and with the ald of the known ionization constants, Lt was possible

to compute the chemical shift associated with each lonization step
using a set of simulteneous equetions of the type

S=x101 + %282 + 233 + x4 4

where x_ represent the mole fractions of non-, mono-, di- and tri-ion-
1zed cilrates and 2@ is the overall chemical shift of the methylene
hydrogens. Tetrarethylammonium bramlde was used as an interval standard.

The results were ms follows. The first lonization causes a
chemical shift of 9.2 cps; the second, 20.2 cps; and the third, 22.6 cps.
Since the chemical shift of the methylene resonances assoclated with the

&
CHa—COz CHa—COH
(S
HOC—C—OH 05C—C-—0H
|
CHa—COoH CHa~—CO,H
A B

lonization at the outside carboxyl (A) 1s lerger thaen for ionization at
the central carboxyl (B) , the finding of two successive lerge chemlcal
shifts followed by a smaller one argues for the first two ionizations
occurring malnly gt the ends of the chain.

Strong support for this conclusion was obtained from a study
of the pH dependence of the methylene resonances in the symmetrical and
uwnsymmetrical monomethyl esters of citric acld. Since the methylene
resonances in —CHp—COzH and —CHp~—COo—CHga were found to be practi-
cally identical (1lcps) in those citrate species which could be com-
mred directly, we were able to assign apparently reliable & _ wvalues
for each cltrate species and calculate the percentages of each present
at different pH values. The results indicate formation of 81% of A
and 19% of B in the first ionization and exclusively the symmetyical
form in the second lonization.

At this time, I should like to put in a very strong plug
for Jim Shoolery's polnt of view regarding publication of NMR data
(cf. MELLONMR Nos. 10 and 11). As a chemlst who regards NMR as &
means to obtain chemical information, I maintain that no one should be
required to get more or better spectral data than needed tor the prob-
lem at hand. Furthermore, if a figure 1s the most reveallng way of
displaying the data so obtained, then the figure should be published.
Certainly, minor resonance lines of possible chemical importance can
be displayed in e figure which might be regerded as too time- or space-
consuning to be worth measuring accurately for a table. Of course, if
one wants *to set up a catalog of NMR spectra, he can require any set
of standards he thinks 1is appropriate but let us hope that the chemical
Jjournals eschew fulfilling cataloging functions lest they become even
bigger and wore indigestible than they are now.

Finally, I hope you will continue as best you can to liast in
your bibliographles all articles using NMR even as an adjunct to syn-
thetic or structural studies. These are often extremely useful.

With all good wishes,

Very truly yours,
Jack

J. D. Roberts

R:uw



[CONTRIBUTION 1578 FROM THE STERLING
CHEMISTRY LABORATORY AT YALE UNIVERSITY]

Molecular Orbital Approximation to Spin Coupling of Vicinal Protons
BY HAROLD CONROY

RECEIVED

A simple molecular orbital approximation 1is shown to give good
results in the prediction of the order of magnitude and the
form of angular dependence of the coupling constant, JﬁH/’

involved in the high resolution NMR spectra of vicinal proton
pairs. The results are compared with a number of experimentally
determined coupling constants from the spectra of rigid
molecular systems,

Footnote to Fig. 2

spectra were determined at 60 mc/sec with a Varian Associates

High Resclution NMR Spectrometer equipped with field stabilizer;
the solvent was ordinarily deuteriochloroform but 1in a few
instances deuterioacetone was used. The experimental points

are identified as follows: (1) endo 5,6 protons in l-methyl-7-
oxabicyclo[2.2.1]-2,3-heptene-exo-5,6-dicarboxylic acid anhydride;
2) T.8 protons in 1-methyl-2,3:5,6~dibenzobicyclo
2.2.2]-2,5-octadiene-7,B-cls-dicarboxylic acid anhydride; (3)
2,3 protons in B-bromopicrotoxinin; (4) 4,5 protons in f-bromo-
picrotoxinin; (5) 4,5 protons in picrotoxinin; (6) (Average of
four close points) a. 1lb,12 protons in diacetylapopicrotoxininic
dilactone; b. 4,5 protons in methyl acetyl-pf-bromopicrotoxininate;
c. 2,3 protons in acetylneopicrotoxinin; 4. 2,3 protons in
picrotoxinin; (7) lla, 12 protons in diacetylapopicrotoxininic
dilactone; (8) 3,4 protons in B-bromopicrotoxinin; (9)(Average of
two close pointsi a, 2,3 protons in methyl B-bromopicrotoxininate;
b. 2,3 protons in methyl acetyl-f-bromopicrotoxininate; (10) 2,3
protons in methyl picrotoxate; (11) 2,3 protons in diacetylapo-
picrotoxininic dilactone; (12)(Average of two close points) a.
11b,12 protons in diacetylapopicrotoxininic dilactone; b. 4,5
protons in l-methyl-T-oxabicyclo[2,2,1]-2,3-heptene-exo-5,6-
dicarboxylic acid anhydride; (13) 3,4 protons in methyl
p-bromopicrotoxininate; (1%) 3,4 protons in methyl acetyl-f-
bromopicrotoxininate; (15] trans 5,6 protons in dimethyl
1—methy1-?-oxahicyclo[2.2.1|heptane—trans—5 b-dicarboxylate;

(16) 4,5 protons in methyl picrotoxate; 117 3,4 protons in
diacetylapopicrotoxininic dilactone; (18) 7,8 protons in dimethyl

lfmethyl—z,}:5,6—dibenzobicyclo[2.2.2]octadiene—7,8-trans—
dicarboxylate; (19) 4,8 protons in dimethyl l-methyl-2,3%:5,6~
dibenzobicyclo[2.2.2]octadiene-7,8-trans-dicarboxylate.



NMR Spectra of Methyl Thiophenes

by Irving Weinberg

SOCONY MOBIL OIL COMPANY, INC.
Research Department, Paulsboro Laboratory
Paulsboro, New Jersey.

We recently have been interested in the 60 megacycle
spectra of several methylated thiophenes. During the course of
this work it became necessary to obtain approximate values for
chemical shifts and coupling constants. These are destined for
eventual use as starting parameters in the exact calculations.
In particular, approximate methods result in a reasonably good
fit for the case of 3- methylthiophene. The ring proton spectrum
for this compound is shown in Figure 1, together with the
theoretical spectrum. Considering only this portion of the
spectrum, the relative positions were calculated using second
order pertubation theory, while the relative intensities are
obtained to first order. The methyl group couples to all three
ring protons but is ca 280 cps removed from them, Thus its
effects on the ring proton spectrum can be adequately treated
to first order. The results, using positive values for all
coupling constants, are tabulated in Table 1. Incidentally,
since the smaller splittings in the four low field quantities is
0.4 cps, this compound is useful in checking spectrometer
performance.,

Further comments on this and other methylated thiophenes
are scheduled to appear as a note, by Paul Corio and myself, in
the August J. Chem. Phys. This will no doubt have appeared in
print by the time your current newsletter is in the mails.

TABLE I

Coupling Constants and
Chemical Shifts for 3-Methyl Thiophene*

Coupling Constant Measured Value
<4
J54 5.3 = 0.1 cps
3, 29t o0
T0a 1.3 ¥ 0.2
+
JcH3__>5 0,38 - 0,03
J +
cH3——>4 0.42 - 0,1
Jon,—>2 1 ton
Chemical Shift Measured Value
S 54 15.8 i 0.8 cps
§ 52 20.5 L1
6 a2 4.7% 0.7

* Table does not include ring-methyl proton
chemical shifts.
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3~-METHYL THIOPHENE

Mobil Oil Company ReD

Pauisboro, N. J.

\. Weinberg :



PROFTON K. S. R. SPKCTROSCOPY. XI., A CARBON-13 ISOTCPE EFFECT.
By George Ven Dyke Tlers
Contribution No. from the Central Hesearch Dept.,
Minnesota Mining & Mfg. Co., St. Paul 9, Minnesota
Recelved
(Abstract)

High~-precision measurement techniques ere employed to
demonstrate a very small cerbon-13 “isotope effect® upon proton
N. S. B. shielding values for CHC14, CHpCGl, , and (CH3)uSi.
The shift in posltion of the doublet center for protons attached
to 013, relative to the single peak for protons attached to 012,
is in the direction of increased shielding by the heavy isotope.
Such has been observed previously in N, S, R. spectral studies
of the effect of ¢13 upon attached fluorine, and of the effect
of deuterium upon adjacent protons and fluorine atoms. The
proton N. 8. R. shlelding shift, produced by the heavy isotope,
in both cases 1s about one-fortieth of thet for the corresponding
fluorine compound. Some variability in the G'3 proton shift is
noted, but no simple correlation with apin-spin coupling constants,
with relative shieldings, or wilth structure,ls apparent.

SR
Hecently o nuclear spin rescnance (N,S.lt.) "isotope ellect!

of G1j upon nbtached fluorine stoms has been discovered.,” The

{1) P.C. Lauterbur, private communication; also
I am indeed prateful for this advance Informalion, without

which it ts unllikely thot the present work would have been hepun.

rabher wnexpectedly lerpe shills wers always Tound to bLe in the

direction corresponding to greater shielding by 013 than

by 012. Though no shift was found for protons, the much

smaller effect anticlpated by analogy wlth the deuterium shift:s2

(2) G.V.D.Tiers, J.Am.Chem.Soc. 79, 5585 (1957), J.Chem,Phys.
29, 963 (1958).

would not have been detected.
As both the sign and the relative magnltude of such a

¢13 erfect might prove theoretically interpretable, s more

elaborate experimental procedure has been used in the present work,

bxperlmental

The compounds studled were examined neat in the customary

5 mm, 0.D. simple tubes, rrom which alr had been swept by meens

of a brisk stream of bubbles of prepurifled niltrogen; however,

agir-saturated CHCl3 and (CH3)uSi were found to give the same resulta,

The 013 isotopic lsomers were present at their natural abundances,
The N.8.R. spectrometer and measureiient techniques have

2 ’ .
been descrived.” For the present study separate reference

(3) G.N.D.Tlers, J.Phys,Chem. 62, 1151 (1958).

compounds were not employed, the exceedingly strong "parent—peak"
I'rou the normnl compound being used instead. "Image" peaka

(also cnlled Mgide-bands") are rendily produced from it by audlo-
ouelllator modulation of the magnetic fleld, When 013 1s present,

che parent penk" iz split into a doubleb, the coupling constant
: 1
being ¢a. 100 to 250 ¢/s. lhe positiong of thesc two weak C 3

. - 12
peaks sre wensurcd, separatoly, velatlve to the atrong G

3

central pesk by use of the "lmape" pealca,



The smvll but reproduclble difference found in each case
results from the isobopic chift, as otherwlse the high- and
low-flelad gl3 components would be egually apaced from the

gl2

central peak.

Errors random in nature were counteracted by multiple
repetition; all deta has been used and weighted equally.
Measurements were made over a three-week period. At each seesion
six sweeps wers run an each of the two 013 peaks for each of the
compounds studied., In addition to the routine alternation of

eliminates

sweep directionB, which virtuallx“t;EESEa errors due to differen ~
tial saturation;io"ringing" of the peeks, in most cases care was
teken in the magnet cyeling to obtein a "flat" field and hence
very symmetrical peaks for both directlons of sweep; sweep rates
also were controlled to be equal (within 10%) in both directions.
Subsequent examination of the datae falled to reveal any significant
effect of over- or under-cycling or of unequal sweep rates, or

of the degree of resolution upon the magnitude o¥ directlon

of the G123 effect.

should be emphasized that optimal resolution was not attained,
nor was bad resolutlon tolerated. "Ringing" was never observed
for any of the image peaks, or for the 013 peaks of (CH3)usi,
but was attained at the 013 peaks of the other compcunds in
about half of the measurements. The widths &f the Image peaks

at half-mseximum were 0.70 to 0.85 c¢/a. in nearly all cases,
while the 13 neaks (when not ringing) were, if anything,
narrower than the corrasponding 012 images, except for (CHB)uSi’
for which they averaged ca. 0.12 ¢/s wider, The effect of

sweep direction is fairly large, the 013 isotope effect appearing
to be larger by 0.0022 ppme when the sweep 1s toward decreasing

field, or smaller by the same amount when the opposite sweep

1s used exclusively. Although such error was avolded, it would
not have concesled the isotope effect.: Other possibillities
for directed error may be present but if so they have not been
recognized.
Table I
The Excess N.S.R. Shielding,AT, Produced by O3 Relative
to Clz'in Several Compounds.

No. of AT & Jet3
0. O {31323%12) (C™7H) Shielding

Compound Meas. e/ Bh Value,T
(CH,)ySi 18 +0,0042 118,20 10,000
CHyI 18 + 6.0012 151,17 7.8l3
CH,C1, 12 + 0,002 178.24 4720
CHC1, 18 + 0,0059 209,17 2,15

{a) Standard deviation of the averaged value was 20,0012 ppm.
in each case. {b) Standard deviation of the aversged value
was ¥0.09 ¢/s in each case. (c) Measured In dilute solution

in Cclu, as described 1n ref. 3.



