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AQUEOUS AND IONIC SOLULIONS: RELIABLE PROTuN IUCLuAR WiNSONANCL
SHIBLDING VALUsS SY INUERNAL et (ENCING.
By George V.D, Tiers and Arthur Kowalsky
Central Rescarch Dept., Minn. Mining and Mfg. Co., St. Paul 19,
Minn., and the Dept. of Physiological Chemistry, Univ. of

Minnesot:a, Minneapolls 1ll, HMinn,

The application of nuclear spin resonance (n.s.r.)spcctroscepy
to diverse fields ofstudy, e.J., classical organic structure
determination and functional group identillcation, stereco-
chemistry and conformationel analysis, polymer chain confilguration
and stereoregularity, polypeptide and protein structure,
physical-orgenic rcactivity correlations, "solvent effects"
end hydrogen bonding, has been greatly facilitated by the
introduction of tetramethylsilane as a homogeneous "internal
reference". The several important experimental advantages
provided by this technique have been dlscussed =t some lengthl
and will not he reviewed here. A major disadvantage is the
inapplicability to agueous solutions. Formamide and certain
other polar media fall in the same categorye.
In view of the Importance of aqueous systems we have sought
8 new reference compound which would be soluble and stable
over a wide pH rsnge. A further requirement was that the group
responsible For the sharp referencing line should not be part
of the group EHENEETARISEREN conferring water-solubility.
It was rcasoned that in the immediate neighborhood of the

solubilizing group there would be a considerable degree of

n

oricntrtion of ihe solvent i1wlecules, ~ situation in +hich
magnetic anisotropy and electrostatic-field effects might
produce liighly specific shllta of the reference llne., A
final practlcal requirenent wes that the refercence compound
should not contribute additional bands to confuse the proton
spectrum.
Our Tirst studlies were made with the sllicon analogue of
neopentyl alcohol, 2,2-dimethyl-2-silapropanocl-1, (CH3)3810H20H,
(termed SNA for convenience); 1t was found to be suitable for
many studies, one of which, denrling with protein E3 spectra,
1s being reported olsewhere.” However, "SNA" wcs found to be
unstable 1n acldic media, had rather poor solubility in water
and cntirely insufficlent solubility in moderstely concentrated
salt solutlons, and 1its CH, group gave an extra line near that
for methanol., Thus "SNA" could not be considered satisfactory.
We have therefore designed a structure which we felt mlght

circumvent such disadventages without forfeitlng the desirable
features of "SNA". The compound chosen was en anlon, namely,
2,2-dimethyl-2-silapentene-5-sulfonate, (CH3)3510H20H20H280 .
(termed DSS) , the sodium snlt of which is prepared by addition
of sodium blsulfite to allyl trimethyl silane.3 The studies
reported here have veriiied our predictlons, as DSS is stable
in acld and soluble in concentrated selt solutions. The three
CH2 groups constitute an A2B202 system, as planned; one
obtains a complex, broad, mnd vory low multiplet without
salient features. At the concentrations normally employed

for Internal referencing, 0.3 to 1.0, this multiplet 1is not

distinpguishable from noilse.



It is the purnose ol the present article Lo explore
the question of shielding value mcasurcnents in aqueous
media and their correlation with studies previouzly made in
otler systems.

Experimental

Materials.- The organlc compounds studied were obtained
from common suppliers of laboratory chemicals, snd were used
without further purificatien. The sample of (CHB)BSiCHZOH

was ltindly furnished by Paul Lauterbur of the Mellon Institute.

The r.ference compound, DSS, (CH SiCHZCHECHZSO3Na, had

3'3
been synthesized in these laboratorie53 from allyltrimethyl-
silane {Peninsular Chem. Co.). Deuteriwm cxide of better

than 99,5% purlty was obtained from the Stuart Oxygsen Co,

Apperagtus and Technigues.- The equipment used and tie

neasurenent techniques employed have been described in detail.l
Measurements vere made at 25°& 2°, Concentrations sro given
as percentage by volume Tor liquids, cnd ss weight/volume
for solids; all solutlons were made wp In tlie n.s.r. sample
tubes. All of the compounds studled had strong, sharp ne.s.r.

bands and weve examined in very dilute solutlon,

Results and Discussion
There 1s no vbsolute way to relate the scale of ghielding
velues bosed on tetramethylsilone (’C—valucs)l with the new
scale ( entitled 'rivalues) based on D33, since DS8 1¢ in-

scluble in CCl, and othier liqulds of low polarity, vhile

Ly

bSi is insoluble in D20. It is only possible to coumare

them in certain media of intermedlate character, and, since

Me

L

their peaks overlap, 1t 1s necess:ry to comnnre each separately
to some other penle such as that due to the solvent; this

nas been done in Table I. It is apoarent bhat the two ref-
erencc compounds do not behnavo 1n precisely identical Cashion
in the six solvents studled; however, the variabllity is
indeed small, apparently not correlated with dielectric
constant, and sveroges bto vlirtusnlly zero. Accordingly thoe

DSS reference penk poslilon will be taken as 10,000 ¢’ in
aqueous systems.

In Table IT is given tue Q:ﬁvalue for methyl grouss of

neopentyl alcohol in a wide varicty of solvents. Therc is a
very weak solvent effect uwon.’Uﬁ but it & too is not
correlated with dielectric constant, or, for th:t matter,

with polurizabllity (as evidencod by refractive index).

The results listed in Table IIT illustrate the generally

good agreement betweenﬂfgnd.'t—values. measurcd in D50

and in CClu respectively., The correspondence 1s best for
tlicge comvounds in which the pgroup studled is somewhat distant
from the rolubllizing group, an observatlion which tends to
validate our presunposition (1t must be noted Luat T -velues
measured in CClu arc not wholly iné&ependent d solventu's).
It is apporcnt that the entries in the column entitled
"difference" ('Zi T ) Are not simply explained, rmd may
retfleet a combinntlon of effects, In thls connection che
'tivalucs given in Table IV, which show for the most part
a laclk of verleolion in Qywith pH or salb concentr:tion,

provide valuable evidence and should be elaborated.

It is interesting to note that the tetremethylammonium

‘e
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a suitable

TABLE II
lon, which ig the only exomple oan internal reference ior

- T gor Neopentyl
¢ Shiclding Valu r Methyl Gr :
agucoun sysbems that we have noticed in the scicentifie - ° » e B oupe 1nAA100b01.

6 Minor Solvent Effe
. i i cts
litverabure, provss to be rather good, only minor pH or ) N

anlt P } ; Std. Dicleciri 2
salt cfTects being found in D,0. However, its Tlveine 1o i Solvent T’ :?uv. crmst.:g"s nf)o
somewhat dolvent dependent, as may be seen in Table V, in 5 CH3002H 9.120 .002 6.2 1.3713
which shielding vilues measured in formanmide sre comprred I: DZO/HZSOI?. 9.121 .001 8.
with those tfrom D20. Again, relatively good corresnondence i CI-I3CONHCH3 9.12h .001 175.
‘ . |
of Tr-values is founda | HCONH, 9,129 .003 105. 1.1.60
|
HCON(CHq), 94132 .001 36.7
CH3OH 9.123 .001 32.6 1.3290
TABLE I CH3CON(CH3)29.136 .001 37.8
A Comparilson of Shielding Values, T ( Tetramethylsilane D20 9.136 -001 8.2 1.3330
b
os Internal Reference ), and T/ ( 2,2 - Dimethyl-2- Do0/NaCl 9.138 002 78,
b
Silapentane - 5 - Sulfonate Ion, DSS, as Internal D20/n2003 9.140 +002 )78-
Refercnce ), Measured in Simllar Solutions. CH3CN 9.1LL «003 36.7 1.3L45
CI‘I3N02 9.146 «002 36.7 1.3018
Compound .
& Peak Gone. MeySi Std. DSS  Std. Corr, for (CH,) 580 9.160  .003 L5, 1.4791
Solvent Meesurcd ) > Dev., 7’ Dev. DSS (Aver.)
%004 . .00 . .00 -o01 .
CH3COoH CHE 0, 98  7.934 .00L4 T.945 i «011 (2) 5.0% by volume. (b) l.6Z by weight; approx. 57./100 ml.
CH40H CHEOH 99 64650 4003 6.659 4005
-.012
Megccﬂzon 0.6 9.117 .004 9.133 .001
CH3CN CH3CN 99 8,033 .004 8,022 ,002 +,011
CH4NO, CH,NO, 98  T.6L0 002 5.646 L004 -.006

3+

(CH4),80  (CH5),S80 99  T.457 o001 T.L3L .001'} ..017

MeBCCHZOH 0.6 9.175 L005 9.165 ,003
CH4CONHCH3 Me§CCH20H 0.8 9.109 ,00L 9,12 L,001 -.015

"Best" value for correction: -,003
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TABLE IIX TABLE IV
A Comperison of Shielding Values Measured in D0 and in CCl“_. Shielding Valueg, T,: in D20 Solutions: Effects of pH
/ and of Added Salt.
T Std. T Std.
Compound (D-0) dev. (ccay) dev. Difference
Me';SiGHEOH 9.959 .001 9.962  .001 -.003 Cinmound DO _ ;\racf‘ 1529_93’"_ H_Zgglb
Ng3CCHoO0H 9,136,001 9,11 .003 +.022 Me‘3‘510H20H 9.959 9,957 9.961 ———
Me”;(nmz 8.859 .006 8.906 ,001 -.047 Me';'CCHZOH 9.,136 9,138  9.140 9,121
Me—';CCO2H 8.812 .002 8.773 001 +.,039 l\ile-::;('}lifH2 8.659 8.81L 8.810 —
CHCN 7.946 ,002 8,026  .002 -.080 Me‘;'cco?_ﬁ 8.812 8.810 (8.912)
N salt
CH,COH 7.913 .004 7.930 004 -.017 :
CH4CN 7.946 7.926  7.932 7.934
Acetone 7.777 +003 7.915  .003 -.138 5
CH3GO,H 7.913 7.903 (8.095) 7.896
2-Mebliyl™ salt
Pyrazine T.472 J006 T1476 003 - .00l
Acetone TTT7T ToTTh 7.79
¥e, SO 7.285 ,002 7.489 .003 -.20L
- 2—Methy1*
CH’3‘0H 6,658 .001 6,622  ,003 +.036 Pyrazine 7,072 766 7.468
Dioxane 6.251 L001  6.426  .002 -.175 Me 550 7.285 7.269  T.282
CICH COH  5.736 4002  5.921  .003 -.185 MeuN" 6,82 6.811 6,797 6,794
CH4NO, 5.610 L,005 5.720  .002 -.110 CH§OH 6,658 6,656  6.6hl
Imidazole Dioxane 6,251 6.251 6,253 6.2119
(1,5-H,)  2.897 4005 24955 003 -.058 s
C1CH,COH 5.736 5.697 (5.943)
(2-1) 2.27 .02 2,363 ,003 -.09 salt
E¥COLH 1.772 .002  1.991  .002 -.219 CH,NO, 5.610 5.585  --- 5.598
2-Mothyl Tmidazole
pyrazine” 1.570 «006 1.660 .002 -.090 (11,5) 2.897 2.870 2.873 (2.499) salt
(2) 2.27 2.23 2423 (1.29) salt
H¥COH 1.772 1.7 (1.550)salt
2-Methyl
Pyrazine® 1.570 1.558 1.568
(a) L.6% by weight in D,0; approx. 5g./100 nl,
(b) 5.0% by volume in Dp0.
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TABLE V

A Comparison of Shielding Values, Y, iie

in D20 and in Pormamide,

e’ T
Comnound —22 0] HC Oi'-EH2

He3COH0H 9,136 9,129

39,
1y

Me30002H 8.812 8.803
HMeCN 7.9U6 7.911
lle,S0 7.285 74292
MeuN+ 6.82l 6.783

LeNO, 5.610 5560

At
~.007
-.009
-.035
+,007
-.041
-.050

asured
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