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ANALYSIS OF COMPLEX IR SPECTRA: EPICHLOROIYDRIN

C. A. Reilly and J. D. Smilen

Shell Development Compary, Emeryville, California

In previous pnhlications(l'z’s) the authors have developed
an iterative method for celculeting accurate paremeters from high-
resolution MMR spectra. In the precent letter wo 1Mustrate the
utility of the method by giviug some preliminery velues for the HMR
paremsters of epichlorohydrin (5 non-equivalent protons) .

Two FORTRAN programs, which greatly facilitate the celcu-
lations have been written for the IBM 7090 computer. Triel values of
the ehialding paremsters and the spin-spin coupling constants ere first
entered end the main program (MMRIT) compiles the matrix of the spin
Hamiltonian, diagonalizes 1t and calculates the frequemcies and
intenaities of the allowed transitions. The energy levels from which
each transition originates axre elso indiceted. ¥With a Judicious
choice of these triaml parameters en essignment of the observed apectrus
is wmually ponaible(z)‘

A second progrem (NMRLS) utilizes the assignment of the
observed transition frequencies to calculete numerical values for the
apin energy levels and their preclaion by & least-squaras technique.
These emergy levels, the initfal trial paramcters, and the observed
frequencies are now used as input dote for MMRIT. By an iterative

process already tloec:ri.bed(""“3 ) MMIT calculatea new paraxecters, the

2~

process beipg continued until a predetermined convergence limit is
reached, a serious divergence occura, or & prescribed pumber of
1terations is performed., At present the program ellows for a maximum
of ten iterations in eny one calculation. The final velues for the
parenetersa, or extrapolations from them, may be used as initial values
for further 1lterations, if desired.

the'nbow programs have bean used to eadvantage in analyzing
the 60 Mo/sec end 40 Mo/sec MMR spectra of epichlorohyurin (these spectra
have been publieched as Serfal Nos, 3 and & of the API Catalogue). Velues
for the paraemeters ere givem btelow and are believed to b8 accurate to
one or two unite in the lest plece quoted. More precise values mit

evait the avaellsbility of more precise experimantal dete.
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Dr.L.1l.Rennelt

Dr. Aksel A. Bothner-Ny
Director of Research
Mellon Institute

4470 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-By:

I just learned from my colleague heve al M.B.S., Dr. Frnest lustig,
of your ¥.E.L.L.O.N. M.R. mailing list. T think it is a wonderful

idea, and T would like to be included on it. I would be very happy
to make an occasional contribution, though I have one hesitation.

T note that high-resolution NMR is the predominant interest of your
correspondents. Do you want a wide-line resonator?

As an initial contribution, I would like to mention an experiment I
plan this summer together with my assistant, Rex J. Snodgrass, who
will use this research as his Ph.D. thesis at the University of
Maryland. We plan to search for oscillations of the de llaas-Van Alphen
type in the Knight shift of metals. This effect was predicted by Das
and Sondheimer about a year ago. Ye have a helium dewar which we
insert in the probe of the Varian wide line spectrometer. Yle expect
to hold the field constant and sweep the spectrometer in frequency
with frequency readings from a Beckman counter heing simultaneously
printed on tape and pips marked on the recorder. This permits quite
accurate determinations of the Knight shift to be made.

Please let me know if you are interested in this sort of thing.

Sincerely yours,

AU Bewnstt~

Lawrence lI. Bennett
Physicist
Metal Physics Section

REFER TO FILE NO.

STOCKHOLM 70
SWEDEN

Cable address: Technology

Wity S5/ Lr. A.i. Jothner-sy

lellon Institute

140, ilth Avenue
PTPLSUUNRGH 173, lennsylvania
sA

Dear Dr. Bothner-By:

Together with Dr. J. Krogh-lloe of the Swedish lnstitute of Silicate Research
in Gothenburg we have recently made an NMR study of boron coordination in
potagsium borate glasses which might have a bearing on the general hproblems

related to the evaluation of weak quadrupole effects in wide line spectra,

'he coordination of boron in the alkall borate glasses has earlier been studied
with MR by Silver and Bray (J.Chem,Phys. 29, 984 /1958/ and J.D. Mackenzie,
Modern aspects of the vitreous state /Butterworths, London 1960/ Vol, I). The
B11-resonsnce indicates that the boron nuclei in these glasses have two different
local environments. Due to an anisotropic distribution of electronic charge
around the boron rnucleus, the resonance line in vitreous boron oxide dhows a
second order broadening effect of nuclear quadrupole interaction, and this
broad line is asgigned to boron in three-fold oxygen coordination. By aldition
of alkali oxide a sharp resonance line is produced which is attributed to the
appearance of boron in four-fold coordination belonging to BO4 tetrahedra with
low quadrupole interaction. It would in principle be possible to calculate the

amounts of three-fold and four-fold coordinated boron in the sample after sepa-

1ration of the overlapping resonance lines and evaluation of the areas under

each line. The results of Silver and Bray, however, were evaluated in a very
simplified manner from the observed signal amplitudes, As pointed out by the
authors themselves their method is likely to overestimate the fraction of four-
fold coordinated boron at high alkali content, since the width of the broad line

increases with increasing alkali content and, indeed, their measurements (fil1ed
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circles in fig. 1) lead to a fraction of four-fold coordinated boron definite-
1y higher than that assumed by Warren (J.Amer.Ceram.Soc. 24, 256 /1941/) and
‘the one observed in soue crystalline borates investigated by Krogh-lloe (Arkiv
Kemi 14, 439 /1959/ and Acta Cryst. 13, 889 /1960/).

Warren assumed thet boron changes from three-fold to four-fold coordination as
alkali oxide 1s added to the glass, supposing each oxygen bonded to two borons
at low alkali content, all oxymens being engaged in boron-oxywen bonds,
Krogh-Hos (Acta Cryst. 13, 889 /1960/) has shown that the boron-oxygen networks
of crystalline potassium penteborate (Arkiv Kemi 14, 439 /1959/) cesium tri-
borate (Acta Cryut. 13, 889 /1960/) end lithium diborate (1o be published) are
built in agreement with the follo(uing rule regarding the coordination of boron
and oxygen: Each "molecule" of ulkali oxide added to boron oxide converts two
boron atows from three-fold to four-fold coordination. This corresponds to a
fraction of boron in four-fold coordination N4 ] S/‘l -3 (shoun by the solid line
in fiz. 1), where S ig the molar alkali concentration. The above rule and ex-
pression for H4 follows Irom thc Warren scheme for the region of low alkali
oxide content ( < 15 mole{')ﬁ). At higher alkali content, however, Walven assumes
tlat some oxypens are bonded only to one boron in which cage the fraction of
four-rold coordinated boron should be less than that given by the 1atic S/1-S.

The dashed line in fig. 1 indicates the values expected by Mairen.

1n order further to inventirmte the discrepancy between expelrinental and
theoretical data we have ropeated and extended some of Silver and Uray's
neasurcmenta, During this work we made the observation tlwt there is a close
agreement between the spectra of crystalline boron oxide and vitreous boron
oxide, from which we iafer that the similarity of the speclra is baaed on a
corresponding similarity o( the Cwo states with regard to the boron coordina-
tion. these findings, on the other hand, suggeat the existence of corresponding
relalionships between other crystalline and vitreous boron coumpounds, Since the
crystalline compounils, so i'av investijmted, all lie on the theorctical 1\14(3)
curve the corresponding vitreous stautes are expocted to yield ‘rlq-vulues in the
clowe viciuity of the theoretical line, an assunption which is actually born

out by experiment.

In particular, we may refer to a study of potassium borate glass at room tempe-
rature. lhe samples were prepared by melting boric acid and potassium carbonate
in a platinum crucible. After solidification, the samples were coated with a
plastic to be protected against moisture. The cylinders prepared were 16 um in
dlameter and of 70 mm length. The compositions were determined by analyses
within 0.1 4. Spectra were recorded with a Varian-4250 wide line spectrometer
at 13.0 lic/s and three different settings of the radiofrequency field. (ur re-
corded spectra were in egreement with those reported by Silver and Bray (J,Chen.
Phys. 29, 984 /1958/). A rigorous calculation of the fraction of four-fold co-
ordinated boron based on a detailed annlysis of the two lines would, however,
require a congiderable amount work, while still yielding values of limited
accuracy due to the poor signal-to-noise ratio of the recorded broad line
spectrum. As the signal-to-noise ratio of the sharp line much exceeds that of
the broad one, we have theretore, to a first approximation, chosen to calculate
only the area under the sharp absorption line as a measure of the changes in
the amount of four-coordinated boron. The area is estimated to be of the magni-
tude yz:x . xi , where yl;l is the ordin‘ate and xm the abscissa of the maximum of
the experimental sharp line derivative, taking the center of the line as origin.
For mbsorption curves of Gaussian or Lorentz line shapes, the area is propor=
tional to this quantity. 4s yl;l and xm refer to the central part of the sharp
line, the influence on these quantities from the superposition of the broad
line could be neglected. The celculated absorption line area is taken to be
proportional to the fraction of four-fold ccordinated boron and to the voluue
density of boron atoms in the sample. In this way it was possible to calculate
the ratio between N -values for semples of different Kzo-content. The method,

4
of course, does not allow an abgolute determination of N . Our values, shown

in fig. 1 by open circles, have therefore been fitted to4the theoretical line
N4 = 5/1-3 by the method of least squares, yielding e standard deviation from
the theoretical value of 3 %. A significance test of the deviation indicates
that the boron-oxygen coordination in the potassium borate glass is in agree-
went with the $/1-S-rule, in contradiction to the results obtained by Silver
and Bruy (J.Chen.Phys. 29, 984 /1958/ and J.D. Mackenzie, Modern aspects of

the vitreous state /Butterworths, London 1960/ Vol. I).

la comection with a generasl stuly of new methods for the analysis of wide
Jine i1t spectra tumken up by wue proup we plan to extend the results so far

obluined towarde s more r1oorous analy, of the qualrupole effects in alkali

corale classen,

Yours sincerely,

—
\ d‘-‘}gg o5 f J’f,“-g,x' agvd:;\
Sven-grik Svaon W

[
e

mrik dorslind



------ e SILVER & BRAY
o PRESENT AUTHORS
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404

(:5:2()':3E32()3

I 1. The Fraction ol rour-fold coordinate| boruu atows, o, as a
Fuaclion of the moiay K, O concenteation 3.
The solid line represents the theorebicd) curve 3/1-5.
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THE STEREOCHEMISTRY OF SOME MANOYL OXIDES
Ernest Wenkert and Peter Beakl

Department of Chemistry, Iowa State University
Ames, Iowa, U. S. A.
P. K. Grant

Dominion Laboratory
Department of Scilentific and Industrial Research

Petone, New Zealand

A recent proton magnetic resonance spectral analysis of
plmzradienic diterpenes (I)2 revealed that the stereochemistry
of their vinyl groups is reflected by the resonance behavior
of the vinyl protons. A difference in the intramolecular
shielding of the vinyl hydrogens by the nuclear double bond
was assumed to be responsible for the distinguishing features
of the vinyl region of the p.m.r. spectra of 130~ and 13 - P
vinyl compounds., On the supposition that a simillar internal
shielding effect (of the vinyl hydrogens by the nuclear oxygen
atom) should prevaill in manoyl oxide (II) and 1ts stereolsomers,
the p.w.r. spectra of manoyl oxide and epimanoyl oxlde (III),

its l3—epimer3, were Inspected. As both Table I and Figure I

—_—

lPublic llealth Scrvice Predoctoral Research Fellow, 1960-1961.

Zg, Wenkert and P. Beak, J. Am. Chem. Soc., 83, 998 (1961).

3R. Hodges and R. I. Reed, Tetrahedron, 10, 71 (1960).

1



indicate, the twelve-line vinyl reglons (analyzed as ABC sy-
stems) of the spectra of the two eplmers are distinctly d4diff-

erent.

“N\

)

r
T TABLE I I
CHEMICAL SHIFTS (IN§) AND SPIN-COUPLING CONSTANTS
(IN C.P.S.) FOR COMPOUNDS II AND III

Hy Hy Hg T4B Iac IBC
II 5.90 4,88 5.09 10.1 17.3 1,7
III 6,04 4,89 4,96 10.9 18.5 1.4

The p.m.r. spectra of 2-ketomanoyl oxide (IV, carbonyl group
at C-2), of a new ketomanoyl oxideu, a plant constituent of

Xylia dolabriformis, and of colensone oxldes, a ring A-nor

ketomanoyl oxide constituent of Dacrydium colensol, show these

natural substances to be of the manoyl oxide (1I) stereochemical

4pr. John Morgan (D.S.I.R., Forest Products Research Laboratory,
Princes Rlsborough, Aylesbury, Bucks., England) kindly furnished
a sample of this oxlde.

ER. M. Carman and P. K. Grant, J. Chem. Soc., In press.

type. Whille these results confirm previous structural assign-
ments, based on chemical data, for 2-ketomanoyl oxide6 and

the Xylia oxide,7 they represent new stereochemical inform-

ation for colensone oxide.
NN
IIII. i
Iv

As 1llustrated by Table II, the position of the down-
field methyl peaks, those of the methyl groups on the oxide-
bearing carbon atoms, can serve also as a dlagnostic test of
the C-13 stereochemistry of the oxides. Indeed, the chemical
shifts of the -8 and 13 methyl functions of the keto-oxides

are in full agreement with the latter's assigned stereochemistry

6
J. R. Hosking and C. W. Brandt, Ber., 68, 286 (1935).

7Pr1vate communication from Dr. J. Morgan.

I 4



TABLE II

CHEMICAL SHIFTS (INg) OF METHYL GROUPS

Oxlde At C-8 and 13 At C-W, % and 10
Manoyl 1.27, 1.27 0.78, 0.78, 0.85
Epimanoyl 1.08, 1.17 0.68, 0.7%, 0.81
2-Ketomanoyl 1.28, 1.28 0.83, 0.89, 1,06
Xylia 1.27, 1.32 0.91, 1.02, 1.08
Colensone 1.29, 1.35 0.82, 0.97, 0.99

Additional structural information about the keto-oxides
could be gained from an inspection of the ol-ketomethylene re-
glon of their p.m.r. spectra. 2-Ketomanoyl oxide exhibits a
four-proton quartet centered 2,22f(J=14.3 c.p.s.) (an AB,
almost A2, system), characteristic of a carbonyl group flanked
by two 1solated methylene functions.8’9 The Xylia keto-oxide
reveals a two-proton unsymmetrical multiplet centered at 2.H9J:
characteristic of a RCHQCHZCOCR‘3 moelty. Whlle this would
permit the carbonyl group to be located at C-1, 3, 7 or 12,
the last two positiqns are excluded because of the lack of an
expected change of the chemical shifts of the neighboring C-8
and 13 methyl groups and because of a noticable down-field
shift of the ring A methyl signals. Hence, the Xylla product

1s 1- or 3-ketomanoyl oxide. Colensone oxlde shows a two-

8P. K. Grant and R. Hodges, Chemistry and Industry, 1300 (1960).

9¢. Enzell, Acta Chem. Scand., 1%, 2053 (1960).

proton quartet centered at 2.044(J=15.8 c.p.S.), characteristic

of a carbonyl group flanked by only one isolated methylene
function. This fact as well as arguments similar to thosec
used for the Xylla compound speak in favor of colensone oxide
belng a ring A-nor ketone. The down-field position of the

o -ketomethylene signals of thls substance also support a

cyclopentanone structure.lo’11

10pf. L. M. Jackman,
"Applications of
Nuclear Magnetic
Resonance Spectros-
copy 1n Organic
Chemlstry," Perga-
mon Press, Ltd.,
London, England,
1959, p. 57.

11All spectra were
obtained with ca.
25% deuterochloro-
form solutions on
a Varian Model HR60
spectrometer at
60mec./sec. with
tetramethylsilane
acting as internal
standard. Position
of the major peaks
was determined by
the audiofrequency
side band technlque,
that of minor peaks
by linear Inter-
polation.
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RE/ DM

Department of Scientific and Industrial Research

NATIONAL PHYSICAL LABORATORY
TeooingToN, Middlesex
Telegrams: Physics, Teddington Telephone: Tendington Lock 3222, ext. 199

BASIC PHYSICS DIVISION

Please address any reply to
THE DIRECTOR

and quote: . BP.A. R1.
Your reference:

7th June, 1961.

NATITONAL PHYSICAL

LABORATORY

Dear Dr. Bothner-By,
There are four or five of us worlking on various aspects of nuclear resonance

here at NPL, and we all greatly appreciate your newsletter. Although my hame does

not appear on the mailing list, I wonder if I may be allowed to contribute something?

About a year ago we started some proton spin decoupling experiments mainly

directed towards the simplification of complicated high resolution spectra. The

project took a new turn when we heard from Dr. D.F. Evans (Imperial College, London)

how he had used a double irradiation experiment to determine relative signs of spin

coupling constants(!) He was able to show that in the thallium diethyl cation the
two thallium-hydrogen couplings were of opposite sign., Now thallium-proton spin
coupling constants are very much larger than proton-proton coupling constants and

it was clear that an extension of the method to determine the relative signs of

proton-proton couplings would be trickier experimentglly. However when Dr. Whiffen

and I tried it we were surprised how neatly the method worked.

In a system of only two coupled nuclei, it is clear that the sign of the
ooupling constat must remain ambiguous. For this experiment it is necessary to
have three nuclei coupled ‘together, and a convenient practical example is 2-Furoic
acid (Figure 1 shows spectrum of ring protons). We find lJABI = 3,5 ¢/s,
lJBxl = 1.8 ¢/s, lJAxl = 0.8 ¢/s.

Assuming, to begin with, that all J's are positive, it is possible to write
down for each transition of Figure 1 the spin states of the two neighbour
protons, each of which could have spin state okor B, The ergument 1s unaffeclLed

by interchanging o{end B throughout Table I.

-2 -
Dr. A.A. Bothner-By 7th June, 1961,
X A B
12 " 10 9 8 7 6 5 4 3 2 1
Al X 8 o« p oL L g g
Spin states
of Bl &£ B p| X L g
neighbours
X A g A g |AXp X8
Table 1

A spin coupling can be destroyed by irradiation of one of the multiplet
patterna with a field %.‘_ Hy™~J . It is experimentelly feasible to irradiate
near transitiona 7 and 8 of 2-Furoic acid with only a slight pertu.r..-bation of
transitions 5 and 6, while still satiafying the condition i'y?l’ Ho~ J X Physically
this means that protons A and X are decoupled only in those molecules that have
proton B in spin state { (see Table), Consequently if the X spectrum i1s recorded
at the same time, we would expect to see lines 11 and 12 codlesce but lines 9 and
10 remein unaffected,

Table I has been drawn up for the case that all the coupling constants have
like sign. If JAB and Jo, Were of opposite sign, elther row B of Column X or
row B of column A should have ¢ and p interchanged. Then strong irradiation of
lines 7 and 8 causes lines 9 and 10 to coalesce, and this i= how the experiment
determines the relative signa of J AR and JBX'

Analogous experiments may be carried out where the JBX coupling is destroyed
by irradiation of lines 1 and 2. Then lines 9 and 11 coalesce (and =it on top of
line 10) 1f J,  and J

AB AX
coupling constants have like signs (preauma‘bly positive). Fgure 2 shows typical

have like signs, In this particular exasmple all the

observed patterns of the X spectrum under conditions of double irradiatioa,
The only other method of obtaining relative signs of coupling constants
depends on the analysis of strongly ooupled systems of at least three non-equivalent

protons, The double irradiation method has the advantege of being applicable to

LAY
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Dr. A.A. Bothner-By h June, 1961.
n Q
vpirat order" spectra, and we feel it could be applied rather generally, Only 2
o
very slight modification of the spectrometer is required(z). m r;?‘ i
Yours sincerely, Y -—
. ~
R.freewan - -+ I
bl m
Z x
R. Freaman g
Basio Physios Division 3 7
B 0
[e) m
z
“
(1) D.F. Evans and J.P, Mahler - Proc. Chem, 8oc., to be published. W ‘z:
(2) R. Freeman and D.H. Whiffen- Moleculer FPhysics, to be published. : D
m
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The existence of tetracoordination of boron has been proposed in organ:.<
ané inorganic borate systems (l,-4). Sodium salts of several diglycol borates
have been recently reported (5), and an investigation of the structure of chese
compounds has been conducted using nuclear magnetic resonance and infrared

techniques.

B Studies

The use of Boronm Magnetic Resonance to study tetracoordimation in boron
compounds has be.en previously reported (6, 7). Ae the tetrahydral character in-
creases, & (the chemical shift) becomes more positive relative to a tricoordinated

similar boron compound. Relative to B(OCH the ©'s for the following known

3)3’
tetracoordinated species are: tetra acetyl, +17.0; B(OH),", +16.8; LiB(OCH3)4,
15.2; BF3, etherate, +17.0 (3)., All of the diglycol borate salts described (5)°

were investigated by B'MR to establish the existence of tetracoordination of B in

these compounda.

-2

The B" spectra were obtained with a Varian V-4300 B Spectrometer opera-
ting at 12.8 MC. Methyl alcohol was employed as the solvent and the spectra were
calibrated relative to the B resonance line of B(OCH:’)3 using the side band tech-
nique (8). The results are shown below in Table I. The proton results (described
lacer) were obtained at 60 MC using CD40D as the solvent and the spectra werte

calibrated relative to tetramethylsilane again using the side band technique (8).

TABLE 1
. % Tetra Na Salt Prep.
Compound £ Coordination® NaOH Na
0 _/0 0 0 {glycol borate)
1 X K +17 100 X
) o +17 100 X
Na*
1 : o>n'(0 +16 100 X
/—o o +16 100 X
Na'
oA
III B +17 100 X
o o +12 65 X
Na*
0N
v +11 60 X
O/B\O +11 60 X
nat

% The chemical shift ¥ is given in ppm above B(OCH3)3

* % tetracoordination defined as 8/17 x 100

W
+wN
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We have assumed that a % of 17 represents complete tetracoordination,
since in all of these borates the B environment (at least for the 6 member rings)
15 essentially identical. This value is also consistent with the results of Onak
at al (7). The deviation of the values of ‘ are estimated to be +0.5 ppm and con-
sequently 2 A§of 1 ppm is not considered significant. It should be noted - all
of the 6 membered ring compounds are highly tetracoordinated (except ome) and this
is probably due to ring stabilizationm, Results,hhtilizing molecular models, are
compatible with thia. Edwards and Ross (3) postulate that in the solid hydrated
borates, boron exists in three and four-fold coordination by oxygen. Also that the
ratio of tetrahedral boron to total boron is equivalent to the ratio of cation
charge to total boron. The data which are being preseanted liere not only support
their postulate, but provide an extensionm of it to include solutions. Referring
to the table on elemental analysis (Table II) one finds that the ratio of cation
ion charge (Na) to total boron is unity which indicates all of the borom is tetra-
coordinated. Furthermore, the first compound shown in Table II was examined both
as the diglycol borate and as Na salts (from each preparation method). The di~
glycol borate has a cation to total boron ratio of 0, consequently the postulate
predicts no tetracoordination and none was observed by Boron Resonance. Pre-
sumably, the cation stabilizes the charge on the tetrahedral boron.

The last compound in Table I appears to be half tetracoordinated, if true,
this could be due to ring strain effects being somewhat stronger than the charge
stabilization., If this is the case, it would be interesting to know whether the
Na+ 1s exchanging between the tri and tetra-valent forms or if a B atom remains

tetracoordinated once it happens., Another possibilitiy is that this compound is

4

completely tetracoordinated, but due to ring strain the B may be in a distorted
tetrahedral configuration. One then would not expect the chemical shift for the
5 membered-rings to be equivalent to that in the 6 membered-ring systems. Further

work on this system is necessary and is planned.

TABLE II

ELEMENTAL ANALYSIS AND SODIUM-BORON RATIO

Compound Glycol % B % Na Na/B

Number * mt.) we.) {Atomic)
1 2,2-Dimethylpropanediol-1,3 4,55 9.99 1.0
1 2,2-Dimethylpropanediol-1,3 4.48 9.62 1.0

L3

11 Pentanediol-2,4 5.02 9.15 0.86
II Pentanediol-2,4 4,91 .9.64 0.93
II1 Butanediol-1,3 5.11 11,10 1.0
1I1 Butanediol-1,3 4,92 11.32 1.1
v Butanediol-2,3 4.99 10.70 1.0
v Butanediol-2,3 5.16 11.46 1.0

* First row in each of the four cases is for NaOH preparation.

Proton Spectral Evidence for Tetracoordination

If proton line shifts due to the tetracoordination of boron are to be
observed, one must look to the protone attached to carbons which are p to the
boron (there are mno d-'s in these compounds)., The shift would be expected to be
small as the effect must be transmitted through 3 bonds which normally falls im
the range of 0,1 to 0.5 ppm. (A8 an example, the difference in $s for the

methyl protons in ethylbenzene and n-hexane is about 0.4 ppm). Obviously, a

o/ +%$



detecrable shift would not be expecred if the effect involved one more bond.

Within che limits of experimental accuracy the above was observed. Sixz of th:
zight borates contained a tert H on the 8 carbon and peak assignments for these
protons in the retra- and tri-coordinated borates were 3,47 and 3.75 ppm below
tetramethylsilane, respectively. The ratio of these peak areas times 100 was

taken as the % tetra coordination. The results are shown in Table III. The

larger errors in thé proton results are due to 'line broadening. The results
correlate rather well with the B" probe and strongly support the contention that
the proton results are a measure of the amount of tetracoordination of the boron in
these borates. These results also suggest that there are no unusual or large
electrostatic effects assoclated with the tetracoordination of the boron atom as
otherwise a larger shift would have been detected. Further work is planned to sub-

scantiate these observations.

TABLE III

PERCENT TETRACOORDINAT1ON IN NA BORATES

Compound No. B" Results H' Results
11 100 £5 100 =10
I1 100 5 100 +20
IIT 65 £5 65 £10
III 100 £5 100 £10
v 60 £5 55 15
v 60 £5 50 £5

w

. Dale, J.

Chem. Soc. 922 (1961)

. Edwards, and Ross, J. Inorg. & Nucl. Chem. 15, 329 (1960)

Boescken, Vermaas, & Kuchlin, Rec. Trav. Chem., 49, 711 (1930)

Liao and Demmy, 140fR 4.c.s, Meeting, Chicago, Sept., 1961

Phillips, Miller, and Muetterties, J. Am. Chem. Soc. 81, 4497 (1959)
Onak, Landesman, Williams, end Shapiro, J. Phys. Chem. 63, 1533 (1959)

Arnold and’ Packard, J. Chem. Phys. 19, 1608 (1951)

Sincerely
-

2.2/

W. M. Ritchey

WMRitchey:gla
Enclosure
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Proton Magnetic Resonance IT
Triphenylmethane Dyes*

David J. Wilson

Department of Chemistry
University of Rochester
Rochester 20, New York

* This work was supported by a grant from the National Science
Foundation,

The nuclear magnetic resonance spectra of the Lriphenylmethane
dyes pararosanilin and crystal vlolet and their corresponding leuco
forms provide verificatilon of certaln aspects of the theory of
chemical shifts and yield emplrical information useful 1in Lhe
determination of organlc structures,

The Bpectra were taken at 27°C on a 60 Mc. Varian Asgocilates
4300 B spectrometer, and were calibrated by the usual aside-band
technique due to Ainold and Packard®; a Computing Measurcments

Corporation Model 201-B frequency-period counter and Kniphl-Kin
audiogeneravor weie used. The dyes were obtained fhiom Disvillation

Products Industiies, Rochester J, Now Yorli, and weire wised wilhout

o

further purification. They showed no spurlous peaks 10 their NMR
spectra. Solvents (methyl alcohol and 1-4 dloxane) were analytical
reagent grade; the dloxane was diatilled over sodium to remove
peroxides,

The ring proton shifts observed 1n the four compounds are listed
in Table 1. A1l four showed the characteristlc four-line spectrum
of an AB group in the aromatlc region of the apectrum. All data
are tabulated in cycles per second and are accurate to + 0.5 c,p.8.
The centers of the AB quartets are reported relative to the methyl
peak in methyl alcohol. The solvent used wae a 50% dioxane - 50%
methyl alcohol (by volume) mixture, which dissolved sufficlent
quantities of both the leuco forms and the dyes themselves to permit
spectra to be taken. Saturated solutions were used and were run
immediately after preparation,

For both dyes the center of the quartet spectrum of the oxidized
form lies some twenty cycles below the center of the quartet of the
leuco form. FPor both dyes the spin coupling constants are essentially
independent of the oxldation state, and have values of about 8-9 c.p.s.
reasonable for ortho-proton coupling constants. And for both dyes
the chemical shift gAB increases about seven cycles on oxldatilon,

The asslgrnment of the doublets at higher fields in the leuco
forms we make by analogy with the spectra of aniline and N N-di-

methylanilice reported by Corio and Dailey,2 who found that ortho-

Ti-t &
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protons appear well upfield from .protons meta to the amine group, in
these compounds. This is what 1s predlcted for an electron-donating
substituent.®
3, J. A, Pople, W. G. Schneider and H. J. Bernstein, "High-Resolution
Nuclear Magnetic Resonance", McGraw-H1ill Book Company, Inc., New
York, 1959, p. 260.

On oxidation, these doublets shift downfleld; the nitrogens
are now positively charged, and therefore are somewhat electron-
withdrawlng, so this 18 to be expected. What i1s rather startling
1s the fact that the doublets due to the protons meta to the amine
group shift even further downfield than do the ortho-protons; this,
as indicated in reference 3, should not be.

A probable explanation of this apparent anomaly is the following.
In the leuco forms, the central carbon atom is presumably nearly
tetrahedral, and the rings are nowhere near coplanar. If one makes

models, 1t is evident that ring current effects® between protons and

rings to which they are not attached should not be very large’on the
average. In the oxidized forms, however, the central carbon atom
is trigonal, and the partial double bond character of its bonds would

make a structure in which the three rings are nearly coplanar quite

4o

stable. Each proton meta to an amine group is now subject to strong
ring current effects from one of the other rings, and 1s located 1in
such a position that this additional ring current effect will push
its spectrum to lower fields, as 18 indeed obserbed.

One can calculate an approximate value for the decrease 1ln

electron density at the aromatic protons brought about by oxidation

by using modification of a formula given on page 175 of reference 3;

A}\ E A‘S—/'),/,‘/ where DA

is the change in the effective number of electrons about the protons;
and A§
the ring protons.

is the corresponding change 1n average chemical ehift for
This ignores, of course, the ring-current con-
trlbutlons, which cannot be calculated with certainty. Each ring
proton 1n the oxidized form of the dyes has about 0.013 less electrons
than 1t has in the reduced form, The inclusion of ring current

effects would reduce thia value somewhat,

TABLE 1
5 ggg d
Pararosaniline-HC1 -222.0 28,9 8,0
leuco form -203.7 21.2 7.5
Crystal Violet -228.5 20.7 10.0
leuce form -208.5 13.5 9.5

Spectral parameters of triphenylmethane dyes.

c/-¢¢



THE FLORIDA STATE UNIVERSITY

TALLAHASSEE

R. E. Glick
DEFAR FHEST OF SHEWBTNY June 23, 1961

Dr. A. A. Bothner-By
Mellon Institute

4400 - 5th Avenue
Pittsburg 13, Pennsylvania

Dear Akas:

Your readers might be interested (at least your recent correspon-
dents refer to such belief) in some exact nuclear magnetic resonance
shielding constants we have computed from the twenty-term Hylleraas-type
wave Iunc:tm?s of Hart and Herzberg; o—{l—{'})a 2.4670 x 1077, GtHe) =
5.9935 x 1077, a-{Li"') = 9.5459 and 0'10* ) = 27.289, Although these
"diamagnetic' shielding values may not have much intrinsic value, they
may be examined with reference to those obtained from wave functions of
recent interest using {?') as a measure of the "quality" of the wave function
near the nucleus, In addition, the change in g~ from that of a neutral
atom to that of the monovalent negative ion has been determined to be of
the order of 1 x 1072 for O, to O™ with ¢ (07) > o-(0z). A similar
effect, but less than previously estimated, would be expected for shmlding(umﬁnm)
in Fp as compared to F~.

We've enjoyed and profited from your nmr letter and look forward
to receiving future copies.

Very truly yours,
/’0 ‘tpL,

REG/jc

PurRDueE UNIVERSITY
DEPARTMENT OF CHEMIBTRY
LAFAYETTE. INDIANA

June 23, 1961

Dr. A. A. Bothner-By
Mellon Institute
Li00 Fifth Avenue
Pittsburgh 13, Pa.

Dear Aksel:

I hope that this will reach you in time for inclusion in the
June M,E,L.L,0.N.M,R. becaude I have found a rather large error in
one of the J(G13-c-H) values which I sent you last month and would
l1ike to set the record atraight without delay.

With improved resolution we can measure these couplings better

now than when the data I sent were obtained, and I became suspiclous
of the old value for acetonitrile yesterday after finding that for
malononitrile J(CL3-C-H) is 11.8 plus or minus 0.2 ¢/sec. khen I
put the acetonitrile sample in the svectrometer for a recheck, I
found that we had been fgolad by soms small impurity lines, always
a danger when hunting ¢l3 sidebands. We won't know the coupling
axactly for acetonitrile until I get a really clean sample made up,
bub it looks as if the value is about 9.8 c/sec and mot 27 c/sec.
My apologies to anyone who has come up with a theoretical "explamation!
of the high valuel The situation looks a little leas confased now that
the available coupling constants for near-tetrahedral C-C-H angles are
all comparable.

I hope %thin a few days to have preprints avallable of a uote
on bonded CL3-H couplings which I'm sending to the J, Chem, Fhys.
Tt will be called #C:3 Splittings in Proton Magnetic Resonance Spectra.
III, Formyl Compounds."
With best regards,
Sincerdly

Norbert Muller

ﬁf’ié
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WORCESTER FOUNDATION FOR EXPERIMENTAL BIOoOLOGY

.%wemdéuﬂy . Hessuchsells
June 22, 1961 ‘

Dr. Aksel A. Bothner-By
Director of Research
Mellon Institute

4400 Fifth Avenue
Plittsburgh 13, Pa.

Dear Dr. Bothner-By:

Our contribution to the Mello N-M-R will be a series
of rambling notes on the subject of NMR as practiced at the
Worcester Foundation.

when we purchased our Varian high resolution instrument
about two years ago we decided that the 5 inch chart was too
small. 7This may have been psychological but our decision
seems to be borne out by Varlan's use of the wider chart paper
in their A-60 instrument. For our permanent records we use
a 10 inch chart as obtained from a Sargent recorder, (model
MR) operating at 4 inches per minute. We use the smaller re-—
corder for tuning up purposes.

The spectra are recorded in duplicate on blank paper -
oune copy goes to the investigator requesting the analysis
along with a report sheet giving the interpretation and the
other is filed. Sawple and operating data are filled in on
each sheet using a rubber stamped form. Each spectrum is
numbered consecutively on the outer end of the sheet using a
hand numbering machine.

The sheets are filed consecutively flat and face up in
blueprint drawers, with the latest numnber on top. A suitable
5 drawer cabinet is obtained from the Cole Co. IL weasures
40 1/4" long 28" deep and 15 3/4" high. Using two dividers
per drawer and 400 speéctra per seclion this cabinet will hold
600U spectra.

GREGURY FINCUS >0

KALEH | DOUREMAN, #h O
Reveurch Duecton

Ourecton ol Lubiorulonies

BRUCE CRAWFORD
Businen Manuyel

pDr. Aksel A. Bothner-By 2 June 22, 1961

In order to locate any spectrum we make use of an
empiricul formula card index. The empirical formulae are
listed in the order P, N, §, 0, I, Br, Cl1, F, C, H as sug-
gested by J. H. Fletcher and D. S. Dubbs C & E News 1956, 5888.
By using this index we can locate any spectrum on file in a
few minutes.

Some small accessories we have added, which we believe
simplify the operation are:

(a) A conoflow diaphragm reducing valve (Type H-10-XT) is
used instead of a needle valve in the air supply to the
spinner. This glves a more constant sample spinning rate
which seems to improve the stability of the instrument
when fluctuations in the alr line pressure occur.

(b) We have adopted the idea of Dr. W. M. Ritchey, Sohio,
Cleveland, by installing a lucite panel in the lower front
of the magnet power supply. In addition, we have tnstalled
one on the upper right hand panel. We find that the heat
from the 304 TL tubes does not affect the plastic. Our
electronics specialist has been able to detect two defec—
tive 304 TL tubes visually, as a result of this.

(c¢) Running time meters have been placed on the recorders and
we keep weekly records of the instrument operation. Some
of the records averaged over the past 3 months may be of
interest.

One spectroscopist (Tom Wittstruck) prepares samples,
operates the instrument, measures and interprets the spectra.

3 month weekly average

Recorder operating time 10.5 hr.
Samples reported 10.6

Reporting time 12.8 days
Down time 1.5 hours
Backloy 25 samples

The weekly records are conveniently kept on a "Board-
master" sold by Graphic Systems, Yanceyville, N. C.

We hope that the above aovtes will prove ofb interest.

yours sinceraely, :;\"}
f
i

:7ZkﬂLJZ ai/?:};f C-;7ﬁ4;’\ﬂ'“\—"

Weal 1. McNiven e
NiM: e lr
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MIAMI YALLEY LABORATORIES

THE PROCTER & GAMBLE COMPANY

P O BOX 175
CINCINNATI 39,0HIO

June 21, 1961

Dr. Aksel A. Bothner-By
Mellon Imstitute

L4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-By:

Enclosed 1s my subscription for MELLONMR. It consists of
three circult diesgrams which describe useful medifications

to & Varian 4310 trensmitter-receiver unit. The modifications
include: 1) & precision attenuator, 2) a "phase detector" ---
really & leakage control which is independent of the probe,
semple, and rf level, 3) a monitor for the transmitter power,
and 4) a differentisl amplifier to cancel spurious modulation
of the spectrum from the transmitter when high leakage voltage
is used. We have found that these modificetions teke most of
the inconvenience out of operating the 4310 unit.

Flgure 1 represents a schematic of the system. Flgure 2 repre-
sents chenges mede in the receiver section. Figure 3 repre-
sents & separate box woich contelns the leakage control system
and transmitter level diode. In our unit, this box has been
located at the spot that the original rf level switches were
located. The precision attemuator (Hewlett Packard 355 A/B) is
mounted sbove the chessis. The box is connected by 50 chm co-
exial ceble to the transmitter and receiver units.

To use the phase detector, the probe is balenced to null with
the leakage switch (SW in Figure 3) off. Then it is switched
on and leakage is edjusted to meske the dc amplifier balance.
This occurs at around 6 volts dc on the diode resistor. The
phase is then adjusted by changing C in Figure 3 until a pure
mode 1s seen from a sharp signal. (When C is adjusted, a corre-
sponding emplitude change occurs which is compensated for by
adjustment of PL or P2.) The LC circuit in the leakage box is

the only frequency sensitive element in the circuit: it is tuned
to the spectrometer freguency. Hence this modificaetion can easily

be applied to any 4310 unit.

I recommend one change fram the system described here. The
trensmitter level diode and the receiver diode should be at
precisely the same temperature. Same thermal drift has been
observed with the two diodes separated although both were en-
closed in the seme chessis. Mounting both in the same copper
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THE PROCTER & GAMBLE COMPANY

Dr. Akeel A. Bothner-By Page 2 June 21, 1961

block would probably solve this difficulty.

FUSENIREU] DTITIUSTIE JO AITAY

A ; Beside the above mentioned difficulty, the system operates
';‘ o satisfactorlly. A more complete description of the modi-
] o b fications are available for those interested.
= a
P>
3 I would like to join the other subscribers who have expressed
—_— °= appreciation to you for meking this method of communicetion
r -
[ [ = possible., It 1s invaluable in keeping abreast of recent develop-
L m i T = ments.
L] T
b 8i 1
j H @ ncerely yours,
»
| i = I THE PROCTER & GAMBIE COMPANY
n Research & Development Department
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MUSHER | Nokparyme  Fia,
HARVARD UNIVERSITY l
DEPARTMENT OF CHEMISTRY PHYSICS

12 Oxford Street
Cambridge 38, Massachusetts, U.S.A. '_134 6

June 20, 1961
b H1 S

1 Fenchel (\
i

!
J‘ H
|
!

Dr. A.A. Bothner-By |
Mellon Institute r
4400 Fifth Avenue i
Pittsburgh 13, Pa. !

& |
Dear Aksel, \
Some months ago I expressed disbelief in Dr. F.A. L. Anet's inter- \
pretation of long-range (H-C-C-C-H) coupling in the saturated system of a diol %
of bicyclo-2,2,1-heptane. I must withdraw my objection, which at the time was |

just one of faith, and submit the attached figure of the fenchols, where no short-

range (H-C-C-H) coupling is possible, as further and more conclusive justifica-
tion of Dr. Anet's statement. These are just a few examples of the ones we have i 4.‘!
studied some of which are not trivial to interpret. The samples are all courtesy _,ﬁ[) ?.-'L\
of Prof, N.J, Toivonen of the University of Helsinki and the coupling constants ‘!:_-'JJ i i"}."ié,_. .
are probably as indicated. The borneol, however might have been interpreted i
as virtual long-range coupling from the 4-proton which might have had the same
chemical shift as the endo-3 proton and could have caused the same effect.

In mad haste, as I leave for Europe tomorrow: I will be on vacation
in Perugia for July and at the NATO Statistical Conference in Breukelen, Holland 3:,'&\5

(2

ods
in August, and with best wishes for the summer, etc. 9.8 :ls /

Sincerely,

:];D; 240 (or 3.2) LIS

-] J-A‘+TAC= 13.0

< (cr II;E\) c‘s

J.1. Musher

For MELLONMR.
oW

Bo"he 0‘

&/-%.¢
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ZORICH, May 27, 1961
Unive: sitlitatrasae
Tel. {061) 3273 30

fir physikalische Chemie
Eldg. Technische Hochsrhule

Ziirich
H. Primas

A new type of nmr-stabilizer for high-resolution nmr-spectrometers

The need for nmr-stabilizution of high-resolution nmr-spectrometers
has been realized for a long time — there i1s something every nmr °
worker can say about that. The prin&iple of nmr stabilization is
well known, too, and was sucesefully applied in 1957 by BAKER and
BURD (Rev.Sci.Instr. 29,313,1957) to get a high stability high-
resolution spectrometer. This construction was a spectrometer with
two spatially separated probes. Although this system was a remarkable
improvement in field stability it never became very popular. The main
reason for this was the need for using two separated probes. This
means a severe restriction in flexibility of the whole equipment and
does not give an absolute stabllity and an absolute calibration of
spectra because any change in the field geometry refects 1teelf in a
change of calibration.

1t can be shown that all information of chemical lnterest that can
be gained by any nmr-investigation can also got fully with an nmr-
spectrometer with just a single probe — regardless of fluctuating
fields, inhomogeneous fields and so on. But this is just an existence
theorem and gives no hint how to realize it. The nwmr stabilized
spectrometer [ would like to describe here is just a first step in
the direction to get an optimal system and is by no means already a
theorefically optimal asystem. But the improvement we can get over
the more conventional type of spectrometer is quite remarkable. Our
aim was not to build a complete new nmr-spectrometer but an additional
device that converts a conventional nmr-spectrometer to a nmr-stabiligzed
instrument without any changes in the construction of the measuring
head or the probes and without restricting the flexibility of the
conventional instruments. In order to facilicate routine measurements
there should be an automatic calibration of the spectra with an
accuracy of about 0.l cps without any adjustments or corrections.

Because we have an nmr—gpectrometer with a flux-stabilizer at our
disposal, the conversion to an nmr-stabilizer of servo-type 1 1st
gqulte simple (ctf.fig.1l). We are svetting our spectrometer to work in

A new type of nmr-stubllizer /2

the dispersion mode. If we now connect the output of the spectrometer
with the correct phasing to the input ot the flux—stabilizer (i.0,
directly to the galvanometer of the superstabilizer), then we will

get an integrating servo system of type one with no reeidual error.

For exumple: if the field is too low, the signal output will always

be negative and the fluxstabilizer will drift upwarde to the exact
resonance position. The overall discriminator curve is now not the
dispersion curve x/(l+x2) but the flux—stabilizer performs an inte-
gration and the discriminator curve 1s now fdx-x/(l+xa) which 1s indeed
an excellent characteristic. The look—in and holding range is extremely
large - even at a distance of several hundred line-widths from the
reference line the feedback system will quickly go to its final value.
Our syatem'can easlly handle a drift of 1 ppm/min (which is about

equal to the conventional sweep rate) without nmr stabilizer and we
will get a drift free system with a residual error of about o.00l ppm.
So we can get easlly an excellent nmr-stabilizer, but how can we
manage to get both the stabilizer signal and the measuring signal with
one probe and one rf-channel ? Nowadays we usually work with an in-
ternal standard for proton resonance, mostly with tetramethylsilane.
Obviously it would be nice to use just this internal standard as a
reference line for the nmr stabilizer. A simple calculation shows

that the usual concentrations of tms is ample to get a good signal-to-
noise ratio for an nmr-stabilizer with high accuracy. Fig.2 shows a
somewhat simplified diagram of a high-resolution nmr-spectrometer

with an nnr—stabilizer having a single probe. The usual crystal-control-
led rf-tranemitter is used tor the stubilizer channel. With the stabi-
lizer working we have a fixed relation between the magnetic field and
the rf-frequency. In order to record an nmr—spectrum we are now
changing the frequency by meuns of a single-sideband modulator that
converts the original frequency«w (in our case 25 Mc/s) to a variable
frequency w+g§ (or if we like, to W—g ). £18 an audilofrequency

(in our cese variable between 5 cps and 250 cps). Both channels have
the same rf-part, but each channel has 1ts separate rf-phase-sensgitive
detector (PSD). Experience has shown that there is no disturbing inter-
ference between the two channels and we can easily work with a tre-
quency difference of Jjust a few cycles between them. In this type of
arrangement the most critical device i1s the RC-audiooscillator. In
order to change the freguency of this oscillator we would of course
like to couple a precision poteniiometer to a synchromotor. But the
usuual HC—oscillator have an inverse relationship between frequency

and resistance., In order to get a linear sweep we were forced to

bl-e<



A new typ of nmr-stabilizer /3

built a new type of RC-oscillator with a linear relationship bhetween
frequency and resistance. We could achieve a linearity of better
than 0.1 ¢ps in the range of 5 to 250 cps and as a by-product or
this new construction we got an excellent long—time stability of the
trequency —~ better than o.l cps over several months. The actual
stabilizer we built is a4 1little bit more elaborate than shown on
fig.2. We are using a double conversion; further a magnetic side—
band-modulation in both chunnels. That does not change the principle
but improves the performance of the spectrometer considerably and is
ulmost indispensable for a perfect operation.

1f you would like to convert your conventional spectrometer to un
nmr-stabllized spectrometer you have to add
firstly a single-side—band modulator and & high precision
HC-oacillator, driven by a synchromotor and some device
to write calibratisn marks,
secondly an additional high-~-frequency phase—sensitive detector und
a further phase-sensitve detector for the side band
modulation,
Further you have to connect the output thie second channel to tlhe input
of the fluxstabllizer via a simple phase-correcting network. Maybe
you have Lo muke shure tha t you get no phase-shifts in the measuring
channel because of the varying frequency., Perhaps some bandfilters
needs a readjustment.

Mig.% shows the long-term stability of our stabilizer. We were
standing on the side of a sharp line and recorded ihe fluctuations
over more than one day: peak to peak fluetuatione < 0.00l4 ppnm
rms—fluctuations < 0.0003 ppm , practically no drift over one day.

Because of the good long-term gtability we can increase the scope

ot useful nmr-measurements. For example, its now easy to get very
accurate weasurewents of line positions: with one single measurement
we can get an accuracy of about 0,02 cps. One point that can be very
important tfor the biological chemist 1s Lhe possible lowering ot the
anount of subutunce neceassary ror a useful nwr spectruw. [V we 1n—
crease the usual recording time of say 6 winutes Lo (o hours we can
increase tha tiltering time constant by a faclor of vde huodred and
therelfore goet an increase in sensilivity of a lactor of ten. Fipg. 4

shows dn proton resonunce ::yectrum Gt 4H pamias ol o sberoia gl ot bee/s.

o
Yoo shiould be abile Lo .iecl‘s:ﬁ:e this mwinute amount o gutslance Ly o

Murther tactor of len when we wili work ab bl ber | reagueis o,

Accuracy of the single probe mr-stabilizer

measured at 26 Mc/s with 0.5 e Si (CH,j)/ as o dnternal slundoard
74

vversll long terin stability
overall lon term culilration
(vithout ony adjnstments)

charngre of' mode
change o 1ine shepe

accrvney off calibration murks

vilb the ald of a f'requency counler:

line position mensuremnonts

0.l ¢pi over one month

trivos au error ol lesns thim
110 of linewidtl

better thon o.ool ppn

belter than ceool ppu (or wilh
broad Jiness 1/30 off Line width)

A more technical description of our stabilizer is in pre-
paration and will appear either in Helvetica Physica Acta,
Helvetica Chimica Acta or in the Review of Scientific

Instruments.
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I IELLE BASIC PHYSICS DIVISION
Yous sae: 2nd June, 1961,

Dear Dr, Bothner-By,

One of the topics we have been looking at here is a study of solvent
offects in P.M.R., with particuler emphasis on those solvents which give rise
to "anomalous" solute chemical shifts (i.e. aromatic solvents). The solutes
used were oyclohexane, methyl iodide and iodoform and the solvent shifts of
the latter two solutes in aromatic solvents have been postulated to be due to
the formation of solute solvent complexes., To confirm this the effect of
temperature on the chemicel shifts of these solutes in toluene was studied,
The solute peaks were measured from that of the phenyl protons of the solvent.
Whilst the position of the oyolohexene peak was constant over the entire
temporsture range (60 to 100°C), thus demonstrating the lack of any complex
formation for this sclute, the positlons of the methyl iodide and iodoform
peaks change considerably, that of lodeform by almost 1 p.p.m., both moving
to high field as the temperature is lowered, They confirm the postulate of
solvent solute complex formation and, in addition, the energy and entropy of
formation of the complexes can be obtained, The values of these parameters are;

(8) For the iodoform toluene complex H = 1.6 *0.2 koala/mole,
3 = 6.4 0,2 e.u.

(b) For the lodoform methyl iodids
complex M = 1,3 #0.5 kcalg/mole,
8 = 4.9 20,4 e.u.

The type of complex dovisaged here ia one in which the dipole exis of
the solute lies along the hexagonal axis of symmotry of the benzene ring with
the protona towards the ring,

Thie expleins the high field shift of the solute protons in the ocomplex,

and by assuming this high field shift is eolely due to the ring ourrent it is
posaible to estimate the distance of the solute protons from the plans of the
ring. & full account of this work has been sutmitted (1), However what may be
eaphasised here is the large temperature dependence of thess solute proton
chemical shifts, That of iodoform changes by spproximately 1/3 c.p.s. per °C

at roam temperature, Although this is a rather unique system this doee emphasise

the necessity of acourately known sample temperaturea for very accurate chemical
ehift measurementa,

Alsa Dr, Malauchlan and I have been investigating the speotra of some
derivatives of L proline, The speotra obtained are often too complex for a
full analysis, but those of L hydroxy proline and allo L hydroxy proline can
be analysed completely, giving the coupling conatants between adjacent protona
all round the ring. Figure 1a ahows the forwula of allo L hydroxy proline (in
1)20) and the coupling comstants obtained. These coupling constants show a large

/variatisn

Dr, A.A Bothner-By 2nd June, 1961,

yaristion, changing fraa one to ten c.p.s, Assuming that the,moleculs existe
in one mr‘i‘brm&tlon, end uaing the Kerplus equation d = k wnf; relating the
J's with the dihedral angles between the G- bonds, it is possible to determine
the conformation of the moleouls in solution, The molecule is bent in solution
an shown in Figure 1b and the angle of bending which gives best agreement
betwesn the cbasrved J's and those cmlculated using the Karplus egquation is
approcimately 60°,

Two points of interest emerge, (&) The angle of buckle seame much
larger than is geneinlly scospted for five membered rings, and (b) the sub-
stituent on C, attains u psoudo axinl position, again an unusuel result. Thease
results are discussed in more detail, together with the possibls errors that
omn arise in this type of investigation elsewhere (2),

Yours sincerely,

. ;
" IV

R.J. Abraham
Baeic Physios Division

(1) R.J. Abraham

Submitted Mol, Phys,

(2) K.J. Abrahem and K.A. bicLauchlan

Figure 1(a) 1(D)
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Dr. Askel A. Bothner-By
Director of Research
Mellon Institute

4400 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Bothner-By:

This is the tale of a minor inmovation in N-M-R
instrumentation that may be of some interest to your Mello-
N-M-R readers.

Last fall we replaced the V-4310C 40Mc RF Unit of
our Varian Dual-Purpose Spectrometer with a 40Mc V-4311. The
R-F phase detector feature of this new unit was splendidly
suited to our needs (principally broadline measurements at a
variety of temperatures) with one exception: When dealing
with certain materials whose broadline spectra could be
expected not to be perfectly symmetric, it was quite tedious
to ascertain the optimum setting of the R-F Reference Phase
Dial required for a pure absorption derivative to be plotted.
Furthermore, it was found that this optimum dial position
was some ‘unknown function of several variables, including
1) sample size and composition, 2) sample temperature, 3)
strength of H; applied, and 4) time of day (probably related
to local room temperature fluctuations). Clearly, some quick
and simple means was needed to determine the proper setting
of the R-F Reference Phase Dial.

In order to use larger samples, as well as to
eliminate the bothersome false proton N-M-R signals built into
the Varian V-4331 probe, we have for some time used a single
coil r-f bridge for most broadline work. Recalling the
ingenious "Automatic N-M-R Bridge Balancer" of R. L. Collins
(Rev. Sci. Imstr. 28, 502 (1957)), it was felt that a similar

Dr. Askel A. Bothner-By -2- May 16, 1961

modification of our Twin-T r-f bridge could be used to provide

a precise indication of the pure absorption mode position(s)

of the R-F Reference Phase Dial. Accordingly, a high Q voltage-
variable capacitor was added to the r-f bridge, as shown in
Figure 1. (No attempt has as yet been made to incorporate
additional instrumentation, a la Collins, to complete the servo
loop in order to have "automatic reference phasing".)

The principle of operation of the present circult
differs only slightly from that of Collins; in both cases, the
working criterion for pure absorption mode 1s that infinitesimal
changes in the reactance (as distinguished from resistance) of
the sample arm of the bridge should produce exactly zero change
in the receiver output signal.

In use, the bridge is first balanced hs well as
possible--at least well enough to keep the needle of the
Detector Level Meter of the V-4311 on-scale for the Receiver
Gain setting used--after which an audio signal is applied to
the Bridge Modulation Input terminals. The R~F Reference Phase
Dial on the V-4311 R-F Unit is then rotated for a null of the
audio signal observed on the spectrometer oscilloscope, com-
pleting the operation. A tumed audio amplifier (such as the
Model 107B, manufactured by Custom Electronic Services, San
Diego, California, operating at 1000 cps), used while modulating
the bridge with the same audio frequency, has proved helpful
in pinpointing the null position.

Our V-4311 R-F Unit is sufficiently stable that once
the proper dial setting is found, no further attention is
normally required for several hours. During the period, the
r-f bridge normally requires rebalancing several times (merely
to keep the Detector Level Meter near mid-scale); however, it
has been found that even rebalancing the bridge during the
scanning of a broadline spectrum does not measurably affect the
record, such are the virtues of r-f phase-sensitive detection.

hT-£E
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So much for success, We wondered after this if we
could not do as well with the Varian probe, using a somewhat
different approach. For simplicity, we tried first audio
modulation of the V-4311 transmitter (obviously to no avail,
as we later decided). Then we ran out of simple ideas.
Currently, the best method I can think of to optimize the R-F
Reference Phase dialsetting when using a Varian V-4331 Probe
would consist of a "double modulation'" of the V-4311: First,
an a-f signal in the frequency range of 10-30 ke should be
applied to the Modulation Input terminals of the V-4311;
second, the amplitude of this higher a-f signal should be
varied at a lower a-f rate, say 100-1000 cps. Using approp-
riate filtering to permit only the observance of the lower
a-f rate on the signal oscilloscope, two nulls should be found
on the R-F Reference Phase Dial as it is rotated through 360°;
these nulls should then correspond to perfect absorption mode
settings.

We have not yet put together the apparatus to test
out this "double modulation' scheme. If anyone has a more
ingenious (l.e., simpler) idea about how to solve this basic
phase-setting problem, I should be delighted to hear about it.

Sincerely,
hardie

Charles W. Wilson III/sw
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