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RESEARCH LABORATORIES

ssast BICEMATS

GENERAL MOTORS CORPORATION

August 7, 1962

Dr. B. L. Shapiro
Mellon Institute

4400 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Shapiro:

Since the appearance of the article by Diehl (Helv. Chim Acta 44, 829 (1961))
there has been considerable interest in the additivity of substituent effects

in the high resolution PMR of substituted benzenes. Diehl's work is also
described in MELLONMR 29. Brey and Lawson have presented results on
substituted benzenes in MELLONMR 36.

Diehl shows that.the effect of a substituent on ring proton resonances can be
described in terms of constants characteristic of the substituent. These
constants - Sos S, and 8, - represent the effect of the substituent on the
chemical shift of the protons ortho, meta, or para.to it. For monosubstituted
benzenes the S's are just the shifts of the ring protons with respect to that

of pure benzene. In para disubstituted benzene XD—Y, the chemical

shift (wrt benzene) of the proton ortho to X is the sum of the S, of X and the
Smof Y, thus: Cy
0,X =50,X +5m, v. (1)

Similar relations for other types of substitution can readily be seen. Diehl
has shown that in ortho substituted benzenes a different substituent effect
exists. The results of Brey and Lawson differ from those of Diehl in several
ways which they point out.

This present letter describes work at General Motors Research on para
disubstituted benzenes which has been in progress for over two years (off and on).
Para disubstituted benzenes were chosen because of the ease of spectral analysis.
(The spectrum is a good approximation of that of an AB compound).

The samples were usually run in CCly (5 - 10%) with internal TMS as standard.
Good agreement with the line positions of Diehl was found - except that a small
correction of five parts per hundred million (pphm) was needed due to differences
in experimental methods. Because of the good agreement, it was possible to
use Diehl's S values as a basis from which additional values of Sy and Sy could

be found using my corrected results and equation (1).
GENERAL MOTORS TECHNIOAL CENTER

12 MILE AND MOUND ROADS WARREN, MICHIGAN



The enclosed table (which is from a private internal report) summarizes Sy and

S, values (in pphm) as found by Diehl, Brey and Lawson (B & L), and the present
work. In some cases, it was necessary in the present work to use polar solvents.
S values found using data taken using polar solvents are followed by an (*). In
parentheses is given the number of compounds used to derive each set of Sp and
S, values. It can be seen that good agreement is obtained between the present
work and that of Diehl. The biggest deviation occurs for OH (6 pphm) for which
polar solvents were used.

Also included in the table are S values derived from the monosubstituted benzene
data (50% in cyclohexane) of Corio and Dailey (C & D) (JACS, 78, 3043 (1956)),
and that of Page and Jakobsen (MELLONMR 39 in CDC13 wrt TMS). Using the
present work as a basis it was also possible to derive further S values from the
¥ -Table of Tiers (Minn. Mining and Mfg. Co., St. Paul, Minn, 1958) in (CCl4
wrt TMS) and from the Varian catalog (Varian Associates, Palo Alto, Calif., 1962)
in CDC1l3 wrt TMS). These derived values are also included in the table for
comparison. It can be seen that the largest deviations occur for the work using
polar solvents and for that on monosubstituted benzenes at high concentrations in
cyclohexane. Actually, however, the polar solvent data are quite acceptable for
estimates of line positions. |

The present work has continued beyond the stage reported here. We hope to
publish in the near future more detailed results, including S values for an
additional twenty substituents.

Yours very truly,

W, At

George W. Smith
Physics Department
if
Encs. (2 sheets)



TABLE VI

So and Sp, From Various Workers

So (pphm) Sm_(pphm)
- s T o g ™
Present from from from Present from from
Subst. Work Diehl Tiers Varian* |BaL |Ps&J2*|csabD®|| work Diehl| Tiers |varian*|BsL |cap®
F 23(5) 25 18(1) 30(2) 40 9 13
ck - 7(9) -5 | -7(3,~-33| 0(4) |[-5 0 6 11
Br -18(8) -22 |-24(2),-43 -10(2) [-11 0 i 13 11 17 8 0
I -38(5) -41 | =-39(1) | -33(1) -22 -30 23 22 20 21 19| 17
NO, -96(6) -98 | -96(2) |-91(1) |-93 -97 || -18 -21 | -23 -13 |-25| -30
NH, .HCZ -10(2) * -17*
. -145* -47*
-NeneF 155 5
NH, 72 (4) 68 69(1) 78 77 24 22 34 17| 13
WHCH 5 80 30
N(CH3) 80(1) * 80 (1) 82(2) 50 21% 20 22 20
S
NN~ (1)-CH3 ~16(1)* 2%
FoH
NH-N=C-CHpCO0C2H5 -53(1) .
NHCOCH3 -22(2) 4
OH 56 (4) * 50 58 37 12%* 16 14| 37
OCH3 44 (5) 42 46 (4) 50 23 12 10 3| 23
OC3Hsg 45 (3) 43(1) 46 (1) 15 13 23
OCOCH3 21(1) 2
050, ~(iMcH3 25(1) 6
SOyF ~76 (1) -32
so,ch -80(1) -85 (1) -33 -27
50, ~{i/)»-CHj -65(1) * -15%
SO,NH,, -60 (1) * -69 -17%
SO,NHCH3 -63
so;_—@:asoz@-cng -45(1) -15
S05CH, 11 -62(4) -27
s03-{")-cL -58(1) [ -24
SO3Na :§§r2§:$ to-gi*
SH ~13(1) r~l
COOH ~75(1) * -88(1) -63 || -20* -10 -10
COOCH3 -73(1) * -74 | -80(1) -93 || - 9% -10 | -6 -20
COOC4Hg -79(1) _21
COOC2HyN (CoH5) 2 -75(1) -3
CHO -61(2) -62(4) -57(3) [-52 -73 || -21 -18 -14 |[-32] -23
COCH3 -70(3) -68 (1) -67(2),-59 -63 || -10 -17 -5 -20
COCH,Br -65(1) -11
co—@-N(CH;,) 2 -67(1) -18
coc -88(2) -90 || ~-15 -23
CONH, -56
CONHCH3 -51
CON (CH3)2 -13
CN -35(2) -35 | -322 -24 -30 || -17 -13 -17| -30
CH3 17(9) 17 | 15(3),122 15(3) 23 10 14 13 11 11 9| 10
CH,yCH3 10a 20 7 5 7
CH(CH3)» 11(4) 101,17 | 10,72 13 8 7 9 3
C(CH3) 3 3a
C(CH 3)2CH, € (CH3)3 0(1) 1
CH,CZ -62 0 -5(1) 0
CHoBr -5a -6 (1)
CHBrCH3cCL3 -142
CHCYy -13 -13
ccly -80 -17
CF4 3812 | -30(1) -18 -10




TABLE VI - (Cont'd.) Sq and 8y From Various Workers
S, (pphm) Sy (pphm)
r 1 — - —_— e —
Present from from Present from from
Subst. Work Tiers Varian* | C+D2 Work Tiers Varian* | C+D2
n-C3Fy -31a
C3HgBr 102
CHL (CH3) oCL s5a
CH,OH 5a 4a 7 -6(1)P 7
CHCHOH 6(1) 11
CHL0CH,~*) -2a
cH0CHy~()-CH3 1(1) -2
20\
-CH-CH, 43
C,H/OCOCH 3a
CH,NH, 3 3
CHoN(CH3) 5 2a
CHCH 3NH; 22
cnsz(ﬁr_:ﬂzcu) 2 72
CH,N NSO 9a
CH-N (CH,$) CHoN (CH) 5 7a
CoH4NHCOCH e
CHz'@ ga
cH,{4)~CONH, 11a
CH (§) CoCH, 72
c (cH3) ,{7)-0H 6(1) -9
CH (~(1)-N (CH3) ), 16 (1) -12
CH (f) NcCr (CO) 5 ~12a
coHg) 112
C(CH3) ,COOH -102
C2HACOCH 112
M, x{3- ~27(4) | -26(2) -10 -12
-CH=CHCH3 -3(1) 8
CCH3=CH, -ga
CH=CH-CH=CH§ -12
CH=CHCHO -242
CH=CHCOCH3 -142
q¢)=CH2 -2a
CH=CHBr -1a
CH7CH-CHCH § 4a
Fe(CO)3
—C0=P(‘2H—?2002H5 -78(1) -2
Ferrocene -12(1) 10
C = CH -118
SiHj -152
[figures in ( ) are number of spectra averageé]
* - Data taken in polar solvents only
2 From monosubstituted benzenes
& L: Brey and Lawson
P & J: Page and Jakobsen
C & D: Corio and Dailey
b

-
"

&

Derived using Tiers value of S,




Department of Chemistry
University of Utah

Salt Lake City 12, Utah
August 30, 1962

Dr. B. L. Shapiro
Mellon Institute

LLOO Fifth Avenue
Pittsburgh, Pennsylvania

Dear Barry:

In view of the recent work of Anet' and of Lauterbur and Kurland,2 negative
geminal H-H coupling constants seem to be well substantiated experimentally.
The direct contradiction of these results with theory, suggests a re-examination
of the valence-bond calculations of geminal coupling constants by Karplus and
co-workers.> It is to be noted that these calculations are extremely sensitive
to one of the exchange integrals, K(Og,Hl) between a carbon hybrid orbital and
a non-bonded hydrogen orbital, and which is determined from the differences of
crude empirical exchange integrals of the form described by Van Vleck.* We have
estimated that an error of only ten percent in the values of these integrals
could give an error as large as *+ 50 cps in the geminal coupling constant. It
appears, therefore, that even semi-quantitative VB calculations of geminal
coupling constants will not be feasible until a better method of independently
estimating K(Cz,H1) 1s availsble.

The pi electron effect on the geminal coupling constant® can be treated
theoretically, either by the valence-bond method®, or in a manner analogous
to that used by Holmes and Kivelson’ for the indirect pi electron effect on
the long range H-H coupling constant in acetone. The latter treatment is
based on the approximate theory of Karplu58 for long range pi electron
coupling constants in unsaturated molecules, and has the advantage that o-n
exchange terms are estimated from experimental e.s.r. hyperfine constants.
Since the geminal protons in a molecular fragment of the type CHs-dix are
coupled to the same pi electron, the geminal protons are expected to have
parallel spin orientations, and the pi contribution to the geminal coupling
constant is the negative of the one reported by Karplus,8

B L o1 x 1075 (emEHY)
where An is the triplet state energy and ay is the hyperfine constant for an
HsC-C® radical, which was shown by McILachlan® to be proportional to the sigma-
pi exchange term in the VB perturbation calculation of the hyperfine inter-
action. With the value of +150 x 10P coszm cps reported by Karplus8 for this
quantity, Equation (1) can be written

Jﬁ;?(ﬁ) = - k cos® ¢ cosF(¢p + 120f) (2)

Equation (2) emphasizes several features of the pi electron contribution to the
geminal coupling constant. First, it is negative in agreement with experiment,
and second, it explains the enhancement of the =n contribution to the geminal
coupling constants for methylene groups in "planar" ring systems such as pro-
piolactone,® malic anhydride,*© gna cyclopentenedione.s The geminal coupling



constant, estimated from Equation (2), due to "free" rotation of a methylene
group adJjacent to a double bond is approximately -1.5 cps. This result is in
agreement with the six electron VB calculations based on the above approximate
form for the sigma-pl exchange integral.

With the acquisition of more geminal coupling constant data, an inter-
esting trend has become apparent. In Figure 1 experimental coupling constants
of compounds having adjacent x bonds are plotted as a function of the number of
adjacent pi bonds. An examination of the slope of the straight line drawn
through the experimental circles in this figure, indicates that the contribu-
tion is additive within the experimental error of the measurements, and that

the contribution is about -1.9 cps. per adjacent pi electron bond. This value
is only slightly larger in magnitude than that calculated.

1. F. A. L. Anet, Symposium on High Resolution Nuclear Magnetic Resonance
Spectroscopy, University of Colorado, Boulder, Colorado, July 2-4, 1962.
2. P. C. Lauterbur and R. J. Kurland, J. Am. Chem. Soc., in press.

3. M. Karplus and D. H. Anderson, J. Chem. Phys. 30, 6 (1959).
H. S. Gutowsky, M. Karplus, and D. M. Grant, J. Chem. Phys., 31, 1278 (1959).

L. J. H. Van Vleck, J. Chem. Phys., 2, 20 (1934).
5. M. Barfield and D. M. Grant, J. Am. Chem. Soc., 83, 4726 (1961).

6. M. Barfield and D. M. Grant, J. Chem. Phys., 36, 2054 (1962). M. Barfield,
Ph. D. Thesis, University of Utah, 1962.

7. J. R. Holmes and D. Kivelson, J. Am. Chem. Soc., 83, 2959 (1961).
8. M. Karplus, J. Chem. Phys., 33, 1842 (1960).
9. A. D. Mclachlan, Mol. Phys., 1, 233 (1958).

10. L. E. Erickson, Ph. D. Thesis, University of Wisconsin, 1959.

Sincerely,

Michael Barfield
David M. Grant



22 ¢

18 + e

em i /
_Jng cps S;)
16 L

Number of adjacent =n bonds

Figure 1. Geminal H-H coupling constants plotted as a function of
the number of adjacent n bonds. The corresponding compounds, listed
in ascending order, are methane, 1,1,l-trichloroethane, 2,5-hexane-
dione, acetic acid, acetone, acetonitrile, phenylacetonitrile, ethyl
cyasnoacetate, vinylacetonitrile, and malononitrile. Circles indicate
experimental error in coupling constant measurements. Some coupling
constant data was reported in Ref. 3 and 6. Data for 1,1,1-trichloro-
ethane from the unpublished work of H. J. Bernstein.
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CONTINENTAL O1L COMPANY

P. O. DRAWER 1267
PONCA CITY, OKLAHOMA

September 20, 1962

Dr, B+ L. Shapire

Mellon Institute
LL 00 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Shapiro:

We have studied t?e 60 me 1H spectrum of 1,trans-3-dinitro-cis-2,
trans-4-diphenylcyclobutane l)(I) as a 5 per cent solution in 10 per cent acetic
acid/acetone. The ApBo spectrum was analyzed using the programs NMRIT and
NMREN of J. D. Swalen.

The following NMR parameters were found:

a) Chemical shifts:
(Hg) = 6.15 ppm (or 5.21 ppm) Ph
(H,) = 5.21 ppm (or 6.15 ppm) (1)
b) Coupling constants Fh
Jap= ¥ 10.0 cps
Jaf= ¥ 6.2 cps Hy Hy
Jax=Jdp = ¥ 1.0 cps

The average deviation of calculated and observed line positions was
0.13 cps. The line positions were equally well reproduced when all coupling
constants were taken with the same sign; however, the calculated intensities were
unacceptable.

In this investigation, it was not possible to determine whether Jcis
or Jtrans is larger; but they are definitely of the same sign. T?e rather large
difference between these constants and those determined by Lustig 2) may indicate
that the geometry of the cyclobutane ring is highly dependent on the nature and
position of substituents.

(1) The structure of this compound is known. Donald B. Miller, Ph.D.
Dissertation, Ohio State University, 1957. Dr. Miller kindly supplied the

sample.
Paul Cox

(2) Ernest Lustig, Mellon NMR 45, 6.

Central Research Division
Copies to:

at W. Flanfgan
Analytical Research Section
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KARL-MARX-UNIVERSITA

PHYSIKALISCHES INSTITUT

1 LEIPZIG C1, LINNESTR. 5- TEL. 65150, 65342, 65356
Herrn .
Dr. Barry Shapiro " 4.9.1962
Mellon-Institute

Az

Dr.K1/Gae.

Pp1ttsburgh/ Pennsylvania

Sehr geehrter Herr Dr., Shapirol

Tn den vergangenen zweleinhalb Jahren befaBten wir uns sowohl
experimentell als auch theoretisch mit der indirekten Spin-Spin-
Kopplung zwischen Protonen und achweren Isotopen Uber zwel und
drel Bindungen (s.z.B.i1]) o Von den experimentell untersuchten
Verbindungen méchten wir hier die Ergebnlsse mitteilen, die wir
flir die n-Propylverbindungen von Cd, Sn, Hg und Pb mit elnem
prib~Tauber—-Spektrometer bei 25 Mz erhielten.

Die Spektren dileser Propylverbindungen entstehen durch die lUber-
lagerung eines A3B202— (an die Metallisotope mit dem Spin Null
gebundene Propylgruppen) und elnes ABBZCZX—Spektraltyps (an die
Metallisotope mit dem Spin ¥2 gebundene Propylgruppen). Die
exakte Analyse eines A2B202~Spektrums ist sehr schwierig. -

Das ABBZCZX—Spektrum kann durch Einfithrung von vier effektiven
chemischen Versohiebungen (s.Bezlehung (1)) auf zwel A3B202—
Spektren zurlickgeflihrt werden. Es wird besonders einfach, wenn die
Bedingungen

JBU = I‘/SC’ Iz .[/\/HA A/Lk')l )

Jag < s t 1 0an x|

erfiillt sind. Die of -Methylen~ und die Methylprotonen ergeben

1 G. Klose, Inauguraldissertation, KMU, Mai 1962

Duutodre Neterbart Luipeig bonto Nr, 1 12700071 + Postsudiechbonto dur Devtuchin Nutuntiunnd Leapziy e300
der Korl-Mais-Uuiversitat Ni 051 Ve

V1ot dze e Lp B

-2 -

dann bel JAC = 0 Je zwel Tripletts symmetrisch zu Y. bzw. V4 und
die /& -Methylenprotonen zwel Sechstetts symmetrisch zu Vg

Die Analyse des Spektrums von n-Dipropylquecksilber aus dem
Satellitenspektrum ist relativ einfach. Dagegen ist die Auswertung
der librigen Spektren wesentlich schwleriger, well eln Teil der
schwachen Satellitenlinien von den intensiven Linlen des Haupt-
gpektrums ilberdeckt wird.

Die erhaltenen Ergebnisse sind in der Tabelle zusammengestellt,

Ccd Sn Hg Pb
JX—C—H 5146 49,1 95,0 40,5
JX—C—C-H 60,2 67,2 110,53 102,4
Vorgeiochen-
Verniltnis entga.—~ entg.,~ entg.- entg.-
geBe ges. gesd, ges.

T(eony)(p—cB,) | Tt~ T2 =i
Joa

(I/,_CHz)-(u(—CHZ)\ 7,4 745 7,2 745
f/(CII3)-(/>—CH2) 16,9 18,8 22,2 13,8
S(p-CHy)~(xCHy) | 24,2 13,4 19,0 - 8,5

Samtliche Werte in Hz

bie Kopplungskonstanten JX—C—H und JX—C—C—H besitzen entgegen—
gesetzte Vorzelohen und die gleiche Grofenordnung wie die der
entsprechenden Athylverbindungen

Die angegebenen Zahlen fiir die H~H-Kopplungskonstanten, insbeson~
dere fir J(CHg)—Qﬁ‘Cﬁz) sind nur grobe Niherungswerte. Um die er-
haltenen Werte fUur die chemischen Verschiebungen zu Uberpriifen,

und genauere Werte fir die H-H-Kopplungskonstanten zu erhalten,

wird die exakte Analyse der Hauptspektren vom Typ A3B202 vorberel-
tet.

Hochachtungsvoll

/ s e
Ihr ergebener /é‘fﬂvw*u//ﬁéave

(Dr. G. Klose)

6-8Y



STEVENS INSTITUTE OF TECHNOLOGY
HOBOKEN, NEW JERSEY

Department of
Chemistry and Chemical Enginesring

Mgust 27, 1962

Dr. B. L. Shapiro
Mellon Institute
L4OO Fifth Avenue
Pittaburgh, Pennsylvania

Dear Dr, Shepiros

Thiz note is in reference to the recent letter of Forslind and Bergqvist
concerning aguecus salt solutions (MELLOMMR, k2, 21 (1962)). We would like
to report some of our findings using an internal standard technique.

To test the effects of internal standards on chemical shifts, three internal
standards were used to study proton chemical shifts of Ho0 in NaCl solutions.
The least square slopes of chemical shift versus molal concentration are as
follows: acetons 0.07h * 0,005 ppm, ethyl alcohol 0.069 * 0,005 ppm, and
acstonitrile 0,078 * 0,005 ppm. These values are identical within experimen-
tal error and quently we t be certain that the internal standards
have significantly different sffects on the proton chemical shift of water.

o aveid an excess of acetone in the salt solations, the following procedure
was employed. A small beaker was rinsed with acetone and dried with a hot
air blower for oneé minute, The seample under investigation was introduced
into this beaker and then transferred to an N.M.I. tube. A minute trace of
acetons (less than 1%) could be detected in the N.M.K. specira and its signal
was used a8 the reference,

In Table I we compare our results with those of Forslind and Bergavist who
employed an external standard technique. Noticeably our results are consis-

tently lower than those reported by Forslind snd Bergqvist. In fact, the fol-

lowing epproximate relationship could be formed: % (acetone) internal = 0,83

& (Hp0) external. We wonder whether the difference observed is dug to sn
effect of the internal reférence standard on the water molecules, or a failure
of the Lorentz cavity model which would alter the coefficient 29/3 in the

£
'ormula H - ref 27 (F < & ret)] - 106 which is used to correct
H ref

for external standards.

Even though the least-square slopes for the three internal standards do agree
within experimental error, it would be interesting to see whether aloohol
wonld give proportionately lower least-square slopés and acetonitrile propor-
tionately higher least-square 8lopes for the various salts.

Scientific curiosity prompted us to measure the chemical shift of an agueocus
solution containing a mixture of potassium iodide and sodium chloride, For
& solution containing two molals of each salt we found the shift of the water

Dr, B. L. 8hapiro
Mellon Institute -2 Mngust 27, 1962

protons to be 0.42 % 0,01 ppm. If the effects of both salts upon the water
molecules are independent then, from the data shown in Table I, we would
predict a value of 0,040 ¥ 0,02 ppm. Within experimental error this value
is in agreement with the cbserved value.

Pable I

Proton Chemical Shift (ppm) per Molal Concentration

Internal Standard External Standard

Salt (Present Work) (Porslind and Bergqvist)
KCl1 0,061 * 0,005 0.099 * 0,003

KBr 0,099 0.123

KI 0.128 0.150

1401 0.022 0.017

RbC1 0.065 0.075

CsCl 0,048 0.059

NaBr 0,102 0.119

NaF -0.03k4 ~0.036

NaCl 0.07k 0.086

Respectfully yours,

ERMebirnks + O WEman

E. R. Malinowskli and P. Welner

0I-8p



KARL-MARX-UNIVERSITAT

PHYSIKALISCHES INSTITUT

(I | LEIPZIG C 1, LINNESTR. 5 - TEL. 651 50, 65342. 65356
Herrn
Dr. B.L. Shapiro am 4.,9,1962
Mellon~-Institute

a: Dr.Ra/Gae.

PittsburghfPennsylvania
4400 Fifth Avenue

L =

Sehr geehrter Herr Dr., Shapirol

Dile Abhdngigkeit der direkten und entfernten C13H—Kopplungskonstan-
ten von den Substituenten 1ist wesentlich komplizierter als bei den
H-H-Kopplungskonstanten. Naoh einfachen VB-Berechnungen ergibt sich
bekanntlich flir die C1B—H—Kopplungskonstanten ebenso wie fir die
H-H-Kopplungskonstanten eine Abnahme mit steigender Polarit:it der
Bindung, d.h. mit zunehmender Elektronegativitdt der Substituenten.
Bel den H-H-Kopplungskonstanten 148t sioch diese Abnahme mit zuneh-
mender Elektronegativitdt auch experimentell sehr schién beobachten,
Bei den direkten 013—H-Kopplungskonstanten wurde schon in der Arbeit
von Muller und Pritchard I1W eln villig davon abweichendes Verhelten
beobachtet. Bei den C 3—C—C—H—Kopplungskonstanten stellten Karabat-
80s, Graham und Vane sz fest, day kelne Proportionalitét zu den
entsprechenden H-C~C-H-Kopplungskonstanten vorhanden ist. Sie nehmen
deshalb an, daB gur Erkldrung der entfernten 013—H—Kopplungskon—
stanten auch die anderen Nicht-Kontakt-Beltrdge im Ramseysochen Aus-
druck mit zur Erkldrung dieser Kopplungskonstanten herangezogen
werden milssen.

Man kann aber in vielen Fdllen zelgen, dafl dle direkten und ent-
fernten C13—H—Kopp1ungskonstanten vollig gleichartig durch die Sub-
stituenten beeinfluBt werden. In Tabelle 1 wird das an einigen Bei-
splelen gezelgt., Durch die Substituenten O bzw. Cl am 0131Atom er-
hthen sich die 013-C—H und C13—0-C—H—Kopplungskonstanten ebenso wie
die C1B—H—Kopplungskonatanten.

Dieses Verhalten 1st in Uberelnstimmung mit der Erwartung. Unter
Beriloksiohtigung des Kontaktterms ergeben sich alle diese Kopp-

Duvtache Notanbank Laipzig, Konto-Nr. { 1272 600/1 « Postscheckkonlo des Duulachan Notanbank Leipzig Nr, 500
Farnechreiber 054 350

i1h 18138 1875 33000 Lp 13790143

s D A

Tabelle 1 (entfernte C13—H—K0pp1ungskonstanten nach Lé])

Substanz JC13_H Substanz JC13_C_H JC13-C—C—H
CH5CHO 173 (CH5CH,),C 20 5,7 + 0,1 4,7 + 0,1
HOCHO 222 CHJCHZCwOé‘gH 6,4-6,5 + 0,3  5,3=5,5 + 0,2
((cH5) 0,60 4,1 231 10,1
(cH3)ZCHC1302—;t.‘H3 5,2-5,6 + 0,1 5,4 = 5,8
x { 'rﬁ,h o
CH 124 ¢Vx 5—C(C1)CH,CH X 3,2 + 0,2
4 2CH5 AR 0,
\ ¢ 13,0 % 0,2
CH; OH 141 s
c Hj—b(O}I)CH CHs x: 4,2 + 0,2
B:3,2F0,2
13
CH4C1 150,5 (cnjcnz)nc (oH)D,_ 4,5-6,4 + 0,2
1
(c5CH,)C P (CL)(CHS), 5,7 + 0,1

lungskonstanten proportional zum 2s-ChBrakter der Kohlenstoff-
bindungseigenfunktionen

2 4 5 j
]CB-H ’\—C{aécas‘ (‘f) ?ftgg b(/(gl-f»‘),)
Durch den Substituenten wird dle Hybridisierung der Kohlenstoff-

elgenfunktionen und dawlt der 2s—Charakter getindert. Es milssen
sioh also alle 013—H—K0pplungen v6llig gleichartig Hndern. Das
melste experimentelle Material liegt fir die direkten C13—H—K0pp-
lungskonstanten vor. Die von uns frither angegebene empirische
Formel [SJ

Jc"—H = G4 + Sy "yi(‘ck

gibt z,B. die 013—H—Kopp1ungakonstanten von monosubstitulerten

Methanen sehr gut wieder. Man kann zeigen, daB die 2s-Charaktere,
dile slch aus diesen C 3—H—Kopplupgskonstanten (unter Zugrundele-
gung der Theorie von Gutowsky und Juan [4:),ergeben, in sehr
guter Ubereinstimmung mit den Regeln von Bent [5] fir die

I1-8¥
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inderung der Hybridislerung durch die Substituenten sind. Aus-
filhrlicher werden wir Uber dleses Problem in den Annalen der
T'hysik schreiben.

Hochachtungsvoll

(br.J.Ranft)

41 No. Muller, D.E. Pritohard, J.Chem.Phys. 31, 1471, 1959

2 G.J. Karabatsos, J.D. Graham, F. Vane,
J.Am.Chem.Soc. 83, 1230, 1961; 84, 37, 1962; 83, 2778, 1961
J.Phys.Chem. 65, 1657, 1961

3 J. Ranft, Tagungsband Hochfrequenzspektroskople, Berlin 1961,
S. 18

4 H.S. Gutowsky, C.S. Juan, J.Am.Chem.Soc. 84, 307, 1962

S5 H.A. Bent, Chem.Revs. 61, 275, 1961

Nucleur Spin Reluxation in Liguld CHFCl»
R.J.C. Brown, H. S. Gutowsky and K. Shimomura

Noyes Chemlcul Laboratory, Universlty of Illinois

Urbuna, Illinois

Nuclear spin relauxatlon times have been measured for liquid
CHFClz, the values of T, and T,, between 132° and 298°K at 27, 20
and 17 Mc, and T2H and T2F over the same temperature range at 20 Mc.
The results of these measurements are dlscussed, and the following re-
laxation mechanisms are shown to be Important:; (a) intermolecular
dipole-dipole interactions, including theilr effect upon the electronic,
scalar coupling of the proton and fluorine nucleus, (b) the quadrupolar
relaxatlion of the chlorine nuclei, whilch are coupled to the proton and
the fluorine nucleus by scalar couplings, and {c) the spin-rotation
interaction between the fluorine nucleus and the reorlentation of the
molecule.

The statistical assumptlions of rotatlional Brownlan motion of the
molecule, 1in the lliquid, when applied to the spin-rotation interaction,
are found to predict the wrong temperature dependence of T1F at high
temperatures. A model is proposed in which the molecules "jump" from
one orlentation to another at random times; the spin-rotation interac-~
tion is assumed to operate durlng these "Jjumps" when the molecule 1s
actually rotating. The atatistical propertles of such a model are
calculated, and 1t 1s shown that TlF 1s predicted to have the correct
temperature dependence. The dipole-dipole and quadrupole interactions
are discussed 1n detall, and a treatment of intermolecular dipole-
dipole relaxatinn by Redflelds! method 1s glven, with results indlca-~
ting that the electronic, scalar coupling of nuclel contributes to

the Inequality T, < Ti often found 1in liquids.
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September 5th, 1962. Lincoln College,

Oxford,
England.

Dr. B.L. Shapiro,
Mellon Institute,
4400, Fifth Avenue,
Pittsburg 13,
Pennsylvania,
U.S.A.

Dear Dr. Shapiro,
This is my subscription to the excellent Newsletter,

We have a Varian variable frequency wide line spectrometer which we have
been using for chemical shift measurements and various other n-m-r- problems.
We found that the measurement of chemical shifts was severely limited by the
accuracy with which we could measure the magnetic field during the scan of a
spectrum using the scanning unit provided. We have therefore made certain
changes which enable us to work with a fixed magnetic field taking advantage
of the super stabilizer, and to scan the spectrum by varying the Frequency.
Three large holes were punched on the left hand side of the radio frequency
unit in each of the main three compartments. Three small variable air
condensers were mounted on a stout piece of aluminum angle and connected by
gear and worm drive to a single shaft which was connected through a multispeed
gear box to a clock motor. This assembly is bolted on to the side of the r adio
frequency unit so that the three variable condensers poke through the large
holes in each compartment. The condensers are connected in parallel with the
three main sections of the tuning condenser. It was found to be necessary to
provide a screening can for the trimmer in the radio frequency amplifier section
at the back, These trimmers scan the radio frequency unit at any predetermined
rate and they provide a scan of as much as 2% when the main condenser is fully in
and a greater range when the condenser is out. 7The frequency of the radio frequency
unit is measured by taking a signal from the crystal locking connecter and mixing
it with a standard reference frequency from a frequency syathesiser. The beat is
applied to a counter which then displays at regular intervals a number giving the
exact value of the frequency at any moment. As the spectrum is scanned marks are
put on the recorder manually and the reading of the counter is written against them.
These calibrations can be put on as frequently as seems necessary, With the magnet
and super stabiliser working we are able to scan extremely slowly and have found no
difficulty in measuring chemical shifts to better than 5 ¢/s when the line width
permits. The spectrometer is much simpler to use and one knows the calibration with
confidence at any time. The radio frequency unit itself is remarkably stable when
it has been on for some days and we have not encountered any difficulties from drift.

Mr. B.A, Yorke has been measuring line widths of bromine and sodium resonances
in solutions of bromides in water and non-aqueous solvents., te finds for sodium
and calcium bromide solutions that the line width is a linear function of the
viscosity. The slopes of the lines are in the ratio ol Lhe squares of the quadrupole
moments for the two bromine isotopes, thus indicating that the slope of the line is
a good measure of the quadrupole coupling comstant ot the bromine nucleus in
accordance with the theory of Abragam and Pound. ‘'Ihe linear plots show thal the
quadrupole coupling constant is independent of concentration in these solutions
and must therefore arise from interactions belween the bromine ion and the
solvent molecules and not between the bromine ion and the positive ion.

-

For caesium bromide solutions non-linear plots are obtained confirming the formation
of ion pairs at high concentrations. In non-aqueous media the plot of line width
against viscosity is once again linear provided that the nature of the solvent is
kept constant. Mixtures of water with methanol, glycine, acetone, and dloxane have
been used. When the composition of the solvent mixture is changed the slope of the
line width versus viscosity plot changes so that clearly the quadrupole coupling
constant depends on the solvent medium. There is a close relationship between the
slopes of the lines and the di-electric constant of the solvent and we have
interpreted the results in terms of electric field gradients at the bromine produced
by charges induced in the solvent molecules, The details of this work have been
submitted for publication in MOLECULAR PHYSICS.

Yours sincerely,
T ) old
/,, Ce 170

R.E. Richards,

/
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UNIVERSITY OF FLORIDA
GAINESVILLE

DEPARTMENT OF CHEMISTRY

Suplisnber 7, 1900

Dr. B. L. Shapiro
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pa.

Dear Barry:

I should like to discuss two items which come to mind concerning
proton NMR work. The first concerns the old problem of Lhe numbers used
in describing chemical shifls, and this arises in connection wlth the
scale used in the Varian spectra catalog, where, contrary to the usual
scilentific and mathematical usage, the numerical scales increase from
right to left. For a few years cveryone seemed pretty well agreed that
a number describing the chemical shift should increase with increasing
field. Now, just about the time we have converted all our reference
points to the tau scale, which worked pretty well, there seems to be a
growing tendency to reverse the direction of things, just because TMS
happens to have a high-field resomance. 1f everyone ls going to do this,
the situation is not too bad, but Lthere is alwnys the problem of what a
minus sign means. Perhaps things could be stralghlensd out with the
frequencies themselves slill having positive signs For higher fields,
and the ppm scale in reverse dirzction bub 1 remain sceptical. Perhaps
the ACS editorial forecs will one day make a decislon about Lbis, bat the
literatur: is growing so rapidly thal agreemzat should be rsached as soon
as possible,

A second problem has to do with refevencing. We have run some
very careful shifl measurements on solublons of subsliluted benzenes
using the Wilmad preclsion ecoaxial e¢=lls with benzene as exterml
reference. The results have been extrapolated Lo infinite dilution.

We find a small but definite difference between Lhe relative shifts of
the ring protons in, say, benzene and tolucne dopending upon whethoer
these measurements are made in carbon tetrachloride or in eyclohexune.
Same of our neighbors to the north stated that if TMS were used as
internal raference this difference disappeared, but we can not reproduce
thelr result. Perhaps samecne else would be interested in looking into
this problem and helping to settle the question.

Having mentioned these controversial issues, | would like to
describe same results we are obtaining on the temperature dependence of
F-F coupling constants., Variation is observed in many compounds,
apparently as the result of change in molecular conformation, If
interconversion of forms is rapid, tho observed J is the weighted
average over the several forms. For same unsymmetrically substituted

molecules one can “freeze out" several different conformscrs at -50 to -100°,

Page 2 Dr. B. L. Shapiro September 7, 1962

First, we have found that one must be careful in interpreting
the results of temperature variation, for the J's are not always changing,
as the temperature decreases, towurd the value found for the predominant
conformer at low temperatures. For example, in CFyBrCFBrp, the coupling
constant at -#0° is 17.4 and increasing with lower temperatures, but
the average value for tht form predominant at -110° is 17.4 (Manatt and
klleman, JACS 84, 1305 (1962)).

A possible explanation for this is suggested by the observed
effect of temperature on the a-b coupling in the followlng moleculeg
The value changes from ca. 4.5 eps at 100° to 6 cps at -1000:

CF3-CFNO,-CF,NO,

a b c

Since the CF; group is symmstrlcal there can not be an equilibrium between
different rotational conformers in the usual sense. Nevertheless, if

the coupling is angularly dependent, differences in the extent of the
torsional oscillation of the CF4 group with temperature may produce the
observed result, and this effecg may then be superimposed on the conformer
equilibrium in unsymmetrical molecules. Incidentally, the a-c coupling

in this molecule is found to decrease with decreasing temperature.

A more camplicated situation occurs in:
el

CF,C1-CFC1-CFC1,

a,a' b c

Jac increases from 18 cps at 75° to 28 cps at -100°%, which is certainly
one of the largest 1-3 couplings yet found and makes quite reasonable a
value of 40 or 50 cps as postulated by Petrakis and Sederholm (J. Chem,
Phys. 35, 1243 (1961)) for the single conformer with 1-3 contact between
two given fluorlnes. J,p and Jpe also increase, but to a lesser extent,
with decreasing temperature, while Jyvy and Jate decreass somewhat. It
would seem here that at low temperatures a conformer in which F, and F,
are opposed is highly favored. However, freezing out was not observed
at -100°,

We hope to learn a great deal more in this area. If we have not
been brief, at least we have single-spaced and perhaps will be forgiven,

Cordially,

W odQow.

1lace dr.,
& E
Aenm.t. 062"&
Kennnth Lawso

Jjm
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T
NATIONAL RESEARCH COUNCIL
CANADA

DIVISION OF PURE CHEMISTRY

OTTAWA 2, 14.9.62

Dr. Barry L.Shapiro
Mellon Institute
4400 Fifth Avenue

Pittsburgh, PA
UsSa

Dear Dr,Shapiro,

As sometlues it seems to be rather difficult to {ind accurate susceptibility
data in literature, we should like to mention here & little trick to get this
infornation from high-resolution NMR directly. The method is simple and provides
an accuracy comparable to the classical methods.

Two reference tubes, a spherical and a cylindrical one, are immersed simul-
taneously in a spinning thin wall semple tube filled with the liguid or gas to
be investigated. Two surprisingly sharp signals cun be obteined, thelr separation

being proportional to the volume magnetic susceplibility of the sample:
(cyl(ref) - gsph(ref) = [gcyl - gsph] [M(I‘ef) _/%v(smnple”

where X is the chemical shift in ppm, g is a "shupe factor" and ’Lv is the

volune magnetic susceptibility in c.g,s. units. The constant [gcyl - gsph

2®/ 3 - 0 = 2,09 for ideal geometry bul muy deviate slightly in practice

:i equals

and has therefore to be determined by calibration.

The accuracy depends mainly on sweep znd rvf stability ns well as on field
homogeneity. However, by using the sideband/su‘perposition we thod and proper
adjustuent of the field grudients it is possible to measure the difference of the
two reference signals with an accuracy of about .2 ¢/s or better. The geometrical
positions of sample tube, sphere and rveceivur coil should be kept constant during
the series of experimenls. As reference mnterisl - which should produce a reasonably

shorp and if possible single line not interfering with the suple spectrum — water

was chosen; but many other referesnce compounds such as tetramethylsilane, cyclopentane

ete. would also be suitable.

To culibrate our prosent sotup, 19 0teen cowpounds of well known suscepti-
bitities were used. Usine a lessl square treatuwent to £it the data of Broersma

(S_l‘.\'oer:mn, J.Chen,Phys. 17, 87% (1")4 ))) one oblainas:

)(v(s;uuple) 10° [in c.g.s, units] = 0,7149 + 0.000097 AV [in ¢/s)

with a wean deviation of (+ 0.,0012 10—0 C.Z2.9, units in 7(‘,. Table I

summarizes the obtained data:

Ltable I: Volume suscoplivilities ')év in c.g.s. units determined by the

present method, fitting the results obtained by S,Broevsma,

)Cv 106 [c.g.s. units]

av = Vo - ¥

aph
here 5.Brosrama
atr - 91.90 + .0292 + .0294
ace tone - 31.54 - 4595 ~ .461
n-pentane -20.8 .5464 5472
n-hexane - 18,39 5660 L5667
n-heptane - 16,31 5828 5817
cyclohexane -12.61 6129 .6115
benzene - 12.43 .6149 L6157
toluene - 12,17 L6167 6179
nesitylens - 10.09 L6332 ,06333
othylbenzens -10.04 L6336 L6341
o~xylene - B8.60 6453 .6440
carbonteirachloride - 2.67 6933 691
e thylenebromide + 27.31 L9300 2939
bromo form + 28,68 L9471 2948
methylenriodide + 54.%9 1.1553 1.156
Another spplication of the spherical reference tube is its usc as an oxternal

atundard for chenieal shif't peasuraments, reducing the bulksusceptibility correction
to the ovder of 1 ¢/s. As (L.

. 4
crlibration line (wssuning oy = 2W/3) Lhe “spherical® bulksusceptibility correct-

can be determined empirically from the slops of the

ion can be evalunted wiih sn accuiucy of better than 0,1 c/s. With other words, the
true position of the external refevence liue can be determined with :n securney of
+0.1 ¢/s or better, even vith crude suscepbibillty data svnilable,
Experiuents to uee the spherical tube a3 a micro sanpls tube nre being under—
t:dien, .
Sincerely youra K,Frei K. F\‘@L
H.J Bernstein %/ } @Wuﬁl.;‘,
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Dr. B.,L, Shapiro

Mellon Institute

4400 Pifth Avenue
Pittsburg, Pennsylvania
U.S5.4,

Dear Dr, Shapirvro,

It seems high time to send our "renewal subscription" on
your excellent newsl®tter, A report on our recent studies in
the furan series waa, as you will remember, presented by one
of us at the Boulder conference and we hope to have reprints
of the full paper, to appear in Arkiv Kemi, available for dis-—
tribution in the near future, so in this letter we wish to
communicate some of our more recent activities,

We have for some tilme been studying the aldehydo-lactol
type teutomerism in compounds like phtalaldehydic acid (I).
NMR-spectroscopy confirmed that this compound exists as hydroxy-
phtalide (I1),

H H
N

J’W’ N l—_ CHO —— .. .COOH H0OC, —— -, CHO
0

‘\\/l.\c/ l\sﬂcomi us/llcﬂo US/U
nm O I v v

It showed no absorption in the aldehydic proton region around
o T but about 3.3 T° which is more like the shift for a
strongly unshielded aliphatic proton, However in alkaline
golution the anion is derived from I as the resonance occurs
5.2 ppm towards lower field from the water resonance, that is
in the aldehydic region, 1In the three thiophene analogues
(III-V) of phtalaldehydic acid the geometric factors and con-
jugation effecte which could influence the stability of the
open versus the cyclic form are somewhat different, However
all three thiophene analogues exist in acetone or dioxaene solu-
tion in the open aldenydic form as they displny an aldehyde
peak at -0.4 to -0.5 T In IT] and IV the gplitting of
1 ¢/s due to the well-known long-range aldehydic coupling to
the 5-hydrogen could be resolved, but in V the uaccidental
coalescence of the aromatic hydrogen peak, precluded the reso—
lution of the expected fine-structure in the aldehyde band.

Another problem which we ware studying is the connection
between the NMR-parameters and the tautomeric gtructure or
hydroxy- and aminopyrimidines, which is a gquite intrigaing
problem, The danger of drawing erroneous conclusions regarding
tautomeric structure from NMi-dutu has recently been pointed

Insvrrven or Comsesoiry

Univenrsiey or Urersans

Uresnana

WIWRBEN

out by Katritzky and Waring (Chem, & Ind. 1962, 695),

We hope that this letter is not too long and that it
will entitle us to receive your valuable news—letter for
another six month,

Beal regards

Sincerely Yours

S a.& %Mé‘% &?/;:m /9.}@%.:«7“1

Salo Gronowitlz Ragnar A. Hoffuan
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UNIVERSITY OF CALIFORNIA

DEPARTMENT OF CHEMISTRY
LOS ANGELES 24, CALIFORNIA
Dr. B. L. Shapiro
Mellon Institute -
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

September 17, 1962

Dear Barry:

1. Relative intensity of proton resonance peaks of (CH3)4SnCH9Sn(CH4)3, (I). The
resonance of the methyl protons in (I) (cf. Kaesz, J. Am. Chem. Soc., 83, 1514 (1961),)
are gplit, through the interaction Sn-C-H, by the principal magnetically active nuclei
Sn-117 and Sn-119 (relative natural abundance ca. 7.7% and 8.7% respectively). Such
resonances will appear as a main peak surrounded by satellite doublets, in the intemsity
ratios, 4.3:3.8:84:3.8:4.3. The methylene protons, situated on a 2° tin-substituted
carbon atom, will encounter Sn-C-H splitting at twice the probabllicy of the natural
abundance of the magnetically—acfzve isotopes. Such resonances will appear as peaks in
the ratio 8.7:7.7:67:7.7:8.7. This is 1llustrated by the resonances of the methyl and
methylene protons of (I) on the attached spectrum. Because of the situation explained
above, the main peaks, A and B, appear in the intemsity ratio (0.84)9 : (0.67)1, i.e.,
11.2 : 1.

2, 130 satellites in proton rescnance of orgunotin compounds. I wish to report
the following coupling constants (observed in each for the neat liquid) in the event
such data might be useful to other workers;

Compound T,°C J13C_H (c.p.s.) +
bis(trimethylstannyl)methane, (1) 31 127.5(obaerved only for CH4 groups so far)
hexamethylditin 31 128
trimethyltin chloride 45 131%
dimethyltin dichloride 108 137* &
methyltin trichloride 55 142

*) Comparable values for these two have been reported by Van der Kelea, Nature,
193, 1069 (1962), in an article which 1in other respects, 1s a repetition of
Tesults and conclusions previously reported by Holmes and Kaesz, J. Am. Chem.
Soc., 83, 3903 (1961).

3. A forthcoming review article "Applications of N.M.R. in the Study of Organometallic
Comgounds" is being prepared in collaboration with J. R, Holmes and S. L. Stafford (both
presently at the Allied Chemical Corporation, Morristown, New Jersey). In order to keep
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our article as up to date as possible, we would appreciate recelving any current preprints
of reports in the above mentioned area.

Sincerely yours,

Hrb—

Herbert Kaesz
Assistant Professor
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EIDG. TECHNISCHE HOCHSCHULE zurich 6, L{th Sepl ember 19062
Universitdtsirasse 6
ZORICH Tel. 327330

Laboratorium
fur Organische Chemie

Dear Dr, Shapiro,

We have recently investigated by n.m.r. the acid-base equilibria
of azulenes of type I, which can theoretically form several isomeric
conjugate acids of type II, III and IV:

xﬂ*i
- r ?7

The n.m.r, spectra of the conjugate acid of l-methyl-azulene and 1,4-
dimethyl-7-1sopropyl-azulene (guaiazulene) are consistent only with
structure type IV . (fig. 1). This result has alsc been found in an
earlier interpretation of the u.v. spectra, based on simple MO-calcu-
lationsg). For azulene-l-aldehydesj) silmllar considerations led to
structure V for the conjugate acid. The n.m.r. spectrum of the conjugate
acid of 2,4,6,8-tetramethyl-azulene-1-aldehyde (fig. 2)4) shows that
protonation takes place preferantially on the carbonyl group to give

the conjugaete acid of type V. Fast exchange of proton resp. deuterium

on C-3 (Hj, Dj) suggests that the lsomeric cation of type IV also

occurs in solution.

Y 17}

The n.m.r. spectra (fig. 3,%) of l-nitro-azulene in strong acldie
solvents show that protonation takes place predominantly on the niltro
group. Also in this case, exchange of proton resp.deuterium on C-3

indlcates that a small amount of the catlon with structure IV is present.
In solvents with higher dielectric constant than CClk, the polarisability

2

= 2 .

of l-nitro-uzulene iy conslderable. The slgnals of the different ring
protons are shifted in Lhe same directlon as those of the catlon with
structure VI (coupure table 1). Protonation on the nltro group has also
been proved by following the titration of l-nitro-aszulene in FjCCOOH
with conc.H2804 by n.m.v.0>. The resulting curve (fig. 5), with a
change in slope after addition of one equivalent conc.H280u per one
mole l-nitro-azulene, fits the equation (A)

) - X PN - X (A)

observed base base acid acid

corresponding to the equilibrium:

+H®¢

No, NOM

(ﬁbase, ,Sacid chemical shift of the base, resp. of the acid;

X base’ Xacid * molarity of the base resp. of the acid;

fig. 4: a4y = change in chemical shift relative to the chemlcal
shift measurement in chCOOH without H2304; v = proportion of conc.

H2504 per l-nitro-azulene at start).

In gualazulene-3-sulfonic acid protonatiaq occurs at the carbon
atom bearing the sulfonic acid group. This behaviour may be due to
release of steric strailn between the sulfoﬁIc acid group and the

methyl group at C-4.

The assignments of the lines of azulenes and their cations has been
discussed in some earlier workss). Some of our investigated cations
show a considerable large coupling between the protons of substituents
in position 1 and the ring proton or methylene protons on C-3. (e.g.

l-methyl-azulene-cation: J 1,9 cps, J

methyl-methylene’ methyl-HQ‘ 1,3 cps,

Jmethylene-H2= 1,9 eps).
Thanks for Frequint IV and Mellon-NMR which 1s a most valuable
help in dailly laboratory work.

Sincerely yours,

Dorls Meuche

-8y



Table 1.

Chemical shift of the ring protons ot l-nitro-azulene

7)

and of l-nitro-azulene-cation

( ﬂ -values in ppm relative to TMS interne)

1)

2)
3)
)

5)

6)

7

8)

Solvent Z : |
onel 7,36 8,45 8,53 9,71 | (7,85)%
(CHQ)2 S =0 7,38] 8,41 ] 8,80( 9,60 (8,10)*
§f,» iiguld 7,24) 8,35 8,63] 9,67 | (7,98)*
F5CCOOH (4,5 mol-proz. H,0) { 7,23 8,34 | 8,61 9,66 [ (8,07)*
F3 CCOOH/H2304 conc. (9:1) 7,58 8,33 9,88 (8,77)*

* average d ~value of complicate not analyzed line pattern

(compare also fig. 3)

"Die Protonierung von alkylsubstitulerten Azulenen", Dorls Meuche,
B.B.Molloy, D.H.Reid and E.Heilbronner to be published: Helv.chim.Acta

Pl.A.Plattner, E.Heilbronner und S.Weber, Helv. 32, 574 (1949)

E.Hellbronner & R.W.Schmid, Helv. 37, 201& (1954)

"n.m.r. spectra of azulene-l-aldehydes and their conjugate acids".

D.Dreyer, Doris Meuche, E.Hellbronner, to be published:Helv.chim.Acta

"Die Protonlerung des 1-Nitro-azulens", Doris Meuche & E.Heilbronner,

Helv., chim.Acta, in press

Welght samples of H2SO4 conc. in teflon-capillars were pressed by an

injection tube inkthe solution of l-nitro-azulene F}CCOOH.

The spectra were measured on a Varian-A-60-Spectrometer in 0.25 molar

non degassed solutions. (Accuracy + 1 cps)

S.S.Danyluk & W.G. Schneider, J.Amer.chem.Soc. 82, 997 (1960)
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s ZURICH,

Eidg. Technische Hochschule Universiidswesse  September 20, 1962

Tel. (0651) 327330
Laboratorlum
fur Physikatlsche Chemle

1. Proof of the Eyuivulence wl the "Cal"— and "DOG"—ilethod

In the cuse of u while power speclrum of the neise und ney—

curig lecting tlhe fluctuationa of Lhe nugnetic field Lhe two melbhmedo
Dr, B.L.Shapiro are exuactly cquivalent in regurd to the sensitivity. Te get
Mellon Institute the gume sensitivity the guuwe overall time is necessary in
4400 Fifth Avenue butlh watlliods.

Pittsburgh 13, Pa.

Tu prove thiv eyuivalunce lel us concider two exporiwents of
Dear Dr, Shapiro: Lhe same overull duratlon ©© wund with the swane spectrun el lhe
length A .

THE STORY OF THE CAT AND THE DOG 1. Iu lhe Firot erperinent we oweep wilh a rate &/ wnly

oue tiwe ouver Llhe whole speclowng
(or: Improvement of the Sensitivity by Long-term lNeasurements) 2. 1o the second experimcal we sweep with a rate n &0
n times over Lhe wihwle gpeetrum, Mnally an cisenble

Just returned from the exciting Discugsion of The Faraday Society averafe is mude over the n spectra

on "High Resolution Nuclear Muginetic Resonance" we would like to

5 . . To improve the sensitivity one uses in any spectrometer an
make @ comment on the methods to improve the sensitivity of nme-— = £l S

. . electronic low-puss filter. That means the improvement is per—
apectrometers by long-term measurewents. On the occusion of dis— L b 5 b

formed by an integration averaging over the time. Lhe optimim

shupe of the filter is deterwined by the VanVleck-WMiddleton

cussions with several members of the conference we got the iw—

pression that there are sowe wisunderstandings. They were partially ] )
caused by a rewark of Dr, Shoolery introducing his paper on criterion. his [filter is in practlce always apppoxin@ted by 4
. g s

; . R RC-Tilt 1 ith ¢ t1 ti 4 b
"Recent Applicutions of figh Resolution NMR to the Determination ilter (1) wi an optlmum tiue constant o

of Molecular Structure'. RC = 2,25Y1 + s /a’l‘2
X itt
The main question is, whether it would be preferable to increuse — T2 —atraneveresl ol armtien e
the sensitivity s = (aﬂBl)leT? = gaturation parameter
a) by tuking the same spectrum many times with the usual a = sweep rate‘
aweep rute und computing; the least syuare uverage of -1/2
The uchieved sensitivity is proportional to a .

these spectra with a computer (the so ealled "CAl"-unethod,

In the first experiment the sensitivity V., equals therefore

compure the very interesting letter of O,Jardetzky LELLONLE 1
No.47) or v o= V¥r/a .
b) by using an essentially increused sweep time (compare (n)

In the second experiwment the sengitivity V2 of a single ex—
JELLONMR No.33 p.19). To be short we call this method the

"DOG"-petiiod,

periment is given by

vén)= v, Yo/na .

o . . . By averaging over the n different spectra the sensitivity V2
mur-esgectrometer is increusiny rapidly at very low freguencies (n)
[ the averuge will be by a factor Vﬁ' higher than V2 H

Dr, Snoolery stited that the power spectrum of the noice of u

of
and that therefore it would be betler Lo use the Cal'-methiod in—

. (n)
steud of very long Sweep tiwmes ws in our DGO-wetliod. Vg = V; Vz =V :
We ure of tle opiuion that Lbis problem Lus Lo be discusued in That meuns thal the two uchievuble sensitivities are exuctly the
some details wund that severnl Iruluces lewe Lo be dislinguisbed. sime, of course a trivial snd well known result.
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The argument of Dr. Shoolery that the noise power spectrum 1is
not white but increasing at low frequencies is hardly applicable
to an up to date nmr-spectrometer using a modulation method. By

a sideband modulation method any additional low-fregquency noise
(Flicker-noise, fluctuations of the leakage etc.) will be elimi-
nated (2). And if one uses a properly constructed phuse sensitive
detector this 1s also the experimental finding., At least we were
never able to weasure any increase of the noise power at low

freyuencies in our spectrometer.

2. Stability of the magnetic field

A very important point in this regard is the stability of the
magnetic field. The Ffluctuations of the magnetic field and es—
pecially the fluctuations of very low frequency are strongly
dependent on the sort of field stabiliver that is used. 1f no
nur-stabilizer is installed the drift stability will be of
course not good enough to tuke spectra witii a sweep time of
several hours and even if & nmr-stabilizer with two separated
probes, the control und the sample probe, is used, the maximun
sweep time will be limited. In these cases the use of the CAT-
method may be of advantage because the averaging over the n
spectra will eliminate all fluctuastions with frequencies lower
than n/? , But after each run the zero point has to be adjusted

by hand or automatically.

With a nur-stabilizer with a single probe (compare MELLONMR No.33
p.19) the long-term stability is even better than the short-—term
stability. We have achieved a long-term stability of 0.0003 ppm
over some days and this is of course by far enough for the
successful use of the DOG-uethod.

3. Other advantages and disadvantages

An advantage of the Cal-method is that it is possible to
follow up the increase of the sensitivity during the meusure-
went and to stop when the sensitivity seems to be sufficient.
This is impossible with the DOG-method. But the DOG-method hus
the great advantage that during the weasurewent vo adjustments
have to be mude. Ushally such extreme long—-term spectra will
be taken over night or even over the week-end. In these cuses

such a control is useless.

— 4 -

A further little advantage has the CAT-method, namely that 1t

is possible to eliminate the fluctuations of the averall gain
of the spectrometer, Lyt these fluctuations are in general quite
small and to be neglected.

A great disadvantage of the CAT-method is that the resolution
will be significantly diminished by the finite number of points
fhat will be taken into calculation. Here the information con-
tent of the spectrwm will be diminished, With regard to the
resolution the DOG-method is by far better.

4, Conclusion

If one has a spectrometer without a nmr-stabilizer the only
alternative seems to be the CAT-method with all its advantages
and disadvantages.

it one works with a spectrometer with a nmr-stabilizer with
two separate probes it may be advantageous to use the CAT-
method, but according to our experience even the A-60 is capa-—
ble of much slower sweep rate and therefore we would pretfer

the much siwpler DOG-method.

It one has a nmr-stabilizer with a single probe (a stabilizer
of this sort is commercially available and relatively simple
to construct) it is much more reasonable and simpler to use
the DOG-method.,

(1) Priwas, Arndt, Ernst: Z,Instrumentenkunde 68, 57 (1960)
(2) Primas, Arndt, Brnst: Z.Instrumentenkunde 68, 59 (1960)

Yours sincerely,

R.Fo—t—

R. Erpast
o, Fei

H. Primas
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1 i Unlversltatstrosse
Eidg. Technische Hochschule Terosie s \
Laboratarium GENERAL OFFICES - 2501 HUDSON RUAD - ST PAUL 19, MINNESOTA - TEL: 733-1110
far Physikalische Chemie
Ziirich JnrE

Central Aesearch Laboratories s 'q 2[.,' 'QGZ
—53’65 T301 MUDLON HUAD « S IPAUL 19 SALHNL50YA ! )

Dr. B. L. Shapiro H ______ F B}xﬂ/\r\xa, M ?«o'eolﬂd\ - Here onR
Mellan Institute / et nedla of F{H} and ¢f
4400 Fifth Aveme +220.0 1 —-293.8 o ] . o
Pittsburgh 13. Pe. Ien c Jore F{c } Afaan An_cou,p,(),.,,g QAL -
D Dr. Shapiro; / \ ‘ Aﬂd ; >
» Shapiro; Ce Co T ivbend %o W U wrrh
The papers published till now on mmr double resonance meke

i ) . Z. Qe
all some assumptions not always justified in the actually performed on J HF o< m F {C } ) . 6 3 5

iments. We theref ked out an exact theory of doubl 3 - 3
experiments. We therefore wor [ c eory e resonance (SD-GD g de "! '.NMRwu ot ,M',MIVF‘WW,

in the density matrix formalism. Under certain circumstances there may be - . .
K'.pqq‘m?((m . ond Ao La Aoz @L—?fh Fqﬂuu%
appreciable differences in the resonance frequencies and intensities (even Naw 'p" ) 0'6

in the pumber of observable lines !) between the exact and the siuple e In a M /vweajL}oEv\ i = M—%

theories. This work will be published soon, but here we only would like

( g . ( g 3
to warn against some pitfalls, especially in connection with strongly d"'m/‘veh. % ! ¢ C»Qz 3 ¢ wl F 4
coupled systems. J P = —301.2 ¢/a , ond  J ¢'ler = +34.9 ¢c/a lm
E.g. 1 Tt led lei with in 1/2 . ; z 5 7 .

g. in case of two coupled nuclei w spin 1/ . E A { L im F I‘—é M “m o ) ¢ g‘l ‘E i )
Wo‘vﬁ; . ‘;t o4 a,’:o.c.e‘, Mrﬁ: ong M\}m.m N An prgtieq
=L, + Iy ) G_go'u;ax_ VM D«aﬁa—[—m

Is As Anderson and R. Freeman (J.Chem, Phys. 37 , 85 (1962) have given
recently in the approximation of weak coupling as double resonance con-

ditlon (condition for collapsing of two lines)
A, 1A

A B F] 2pa

w, s 42 . 1/2 V(AA _nB) - 4,‘.L2

(easily derived from their eq. 41 )

(Hamiltonien II = 'n‘AIAZ gl + IT I+ Bz(FxcoswP_t + Fysinwzt)

But the exact result is M Em:hly
E1 L cumenical
A +7"B 2 2 2.2
w2 : - + 12 V('n'A -nB) e S "'l’ H.’Z L etters from

Because of the condition szﬁ‘J ; this correction is important for L aboratories

double resonance experiments. For the case that 1.B§>(J1ﬁ -.ﬂ.sz + J2 0«

there is a residusl splitting end for J = 2B2 the double resonance N-M-R

condition reduces to w, = JLA or w, = nB.
P B A monthly collection of informal private: letters from laboratories of mmr.

Yours sincerely . Olen ikar Information contained herein is solely for the use of the reader. Quotation

P. Bommer is not permitted, except by direct arrangement with the author of the letter,

and the material quoted musct be referred to as a "Private Communication".

H. Primas
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