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Use of the deuterium NMR spectrum of a deuteriated solute  drawbacks. The appearance of the rotational echoes is fair
dissolved in the nematic phase of a liquid crystal is suggested for  gensitive to the angle the rotor axis makes with the magnet
setting the magic angle in solid state NMR. The use of the method  fia|q and starts only when this angle is fairly close to the magit
as a convenient and accurate means of setting the angle is angle. When the angle is slightly away from the optimum
demonstrated. © 2000 Academic Press .. . . . .

Key Words: solid state NMR: magic angle spinning; oriented p0§|t|on, there are no rotatlona.l echoes and the.dlrectlon |
molecule: deuterium NMR. which the stator is to be turned is based on experience or tri
and error since angles other than the magic angle cannot |
estimated from the FID by any simple procedure. The vernie

Ever since the discovery that magic angle spinning (MASrale provided is not dependable due to backlash and oth
can average out anisotropies of interactions in the solid statechanical characteristics, and it provides only a crude idea ¢
(1, 2), the method has found enormous applications in a greéhe angle. The second difficulty with the method is that evel
variety of fields spanning several areas of physics, chemistwhen the rotational echoes appear, the procedure of maximi
and structural biology. In this method, the sample packed inrey their number is somewhat tedious and subjective since tt
rotor spins within a stator assembly about an axis making thstational echoes do not directly provide an estimate of hoy
magic angle of 54.7° with the magnetic field. This averages atlbse the stator axis is to the magic angle. The number «
the anisotropic part of interactions, which are represented byaational echoes seen also depends on the spinning spe
second rank tensoB). The importance of setting this anglemore echoes are observed for higher spinning speeds and col
accurately is well recognizedX. An inaccurate setting of the thus provide a misleading indication of the exact magic angle
angle can have deleterious effect on either or all of the fOllOVE'\/ery |aborat0ry has Optimized on some conditions for eac
ing parameters namely (1) line-width, (2) line position, and (robe and this information is passed on to other workers usir
signal to noise ratio. Therefore, several methods have bggg system. Though this method seems to be working reaso
suggested to set the axis of the spinner accurately at thg maﬁﬁ, well, it would be helpful to have an alternate method
angle 6-7). Of th?gse, the method most commonly used is thghich gives an accurate quantitative spectroscopic estimate
monitoring of the”Br signal from KBr, which, broadened by he angle of the spinning axis at any setting. It will also be
a large quadrupole interaction, breaks into a number of si sipful if the method provides an easy and quick means c
bandg for. magic'anglei spinning)( Correspondi'ngly, the time reaching the correct setting. Such a method will then help i
domain signal gives rise to a number of rotational ech8gs (SF ting the magic angle rapidly and accurately.

The procedure gener'ally aplopted and. also suggested in sol e propose here the use of the deuterium NMR spectrum
state probe manuals is to visually monitor the FID and chan?e
I

i . . .. ddeuterated solute molecule dissolved in any standard nema
the orientation of the stator with respect to the magnetic field " . : S X )
X : . . “liquid crystal. This method is in fact already in use for setting
to obtain a maximum number of rotational echoes. The adjust: L . .
L .any angle for the rotor axis in experiments such as variabl
ment of the angle of the stator, which is usually not easi hgle spinning®). However, this method has remained in use
accessible is achieved, say, by means of a long rod connec g'c sP 9%- '

e - : . . C
to the stator assembly inside the probe in the magnet. Man ainly within groups which are mtereste_d In the study of liquid
ulating the other accessible end of the rod helps to locate é(Sta_'S and_ polymers ‘f"”d for (_astlmatlng parameters such
magic angle. This end of the rod is also calibrated with ¢hemical shift anisotropies. In this paper, we suggest the use

vernier or other such suitable arrangement for readjustment/is Mméthod for magic angle setting and demonstrate its adva
wigges. A variant of this method usingC NMR has been

required at a later time. This procedure suffers from t ) _
suggested earlier by ug)( however, the method has certain
1To whom correspondence should be addressed. E-mail: kr@sif.igilawbacks and therefore has not found wide acceptance. T
ernet.in. present method overcomes those drawbacks and also gives
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visual advantage of the KBr method for rapid setting of the a

angle. ‘ !
The method is based on the fact that for a liquid crystal with \L

a positive diamagnetic susceptibility anisotropy spinning in a H 1

magnetic field, the director orients parallel to the spinning axis | AH »\%

when the spinning axis makes an angléess than the magic M ‘ | ] LA

angle6,, (10). For 6 greater thar9, the director orients in a WW W‘MMWWMMWWWWMMMWWWW{ "

plane perpendicular to the spinning axis and also rotates at the

spinning speed,. Exactly at6 = 0,,, the director experiences 50.8° b

no orienting force and is distributed randomly. Therefore, the

deuterium NMR spectrum of a molecule such as benzgne-d

dissolved in a liquid crystal such as trampentyl-4-cyano- ety e e b A

phenyl cyclohexane (ZLI-1114) reveals the following charac—

teristics for various values df.

0
(i) For 6 < 6,: A doublet whose separatiahv given by 347 ﬂ C
Av = k(3 cog0 — 1)/2 [1] | | J‘ ﬁ
. . . . e AL o e M}L‘V./WM/\/“ %WWWW} WW/‘ i\, el N
is observed, wherk is the separation between the deuterium
doublet for a static sample.
(i) For 6 > 6,,: A centerband and sidebands which are all 57,90 1 d
doublets with separations ' ‘ ‘
Av = —k(3 cogh — 1)/4 [2] J
|
are observed. The sidebands are at twice the rotatiopm-whnmwn MWWMWWWJ\V wwjk \Wm Mi SR
fre q uen Cy i 15(‘)00 10000 50[00 0 -5000 -10000 -15000 Hz
(ii) For 6 = 0, The doublets collapse to singlets and

FIG. 1. °H NMR spectrum of benzenesdissolved in ZLI-1114 recorded
at 46.44 MHz using a Bruker DSX-300 FTNMR spectrometer and a DOTY
5-mm variable angle probe at room temperature. (a) Static spectrum (b), (c
(d) spectra of the sample spinning at 5200 Hz about an axis making angle
These features are very characteristic of the valu® of 50.8°, 54.7°, and 57.9°, respectively, with respect to the magnetic field.

relation to 6, as shown in Fig. 1and the examination of the

spectrum gives an immediate qualitative visual indication of

the orientation of the spinning axis. A quantitative estimate other hand, Figs. 2d, 2e, and 2f, which are tHENMR spectra
the same can also be obtained by using Egs. [1] and [2]. Fafr benzene-g dissolved in liquid crystal ZLI-1114 and +e
setting the magic angle, the direction in which the spinningprded at the same settings of the stator corresponding to Fic
axis is to be turned becomes immediately obvious. The ma@ia, 2b, and 2c, respectively, clearly bring out the difference il
angle orientation is easily achieved by monitoring the frahe three settings. The insets show the center bands for the
guency domain spectrum and watching the doublets collapgheee settings. The collapse of the doublets (Figs. 2d and 2f)
into singlets. Further fine tuning may be achieved by reducirgsinglet (Fig. 2e) indicates that the setting corresponding t
the width of the center band. Fig. 2e is nearest to the magic angle.

The advantages of the method are illustrated in the following The estimation of the angles corresponding to Figs. 2d an
examples. NMR spectra dfBr in potassium bromide€’H in  2f can be made by using Egs. [1] or [2], depending on whethe
benzene-gdissolved in the liquid crystal ZLI-1114, aritC in  the corresponding angle is lesser or greater than the mag
tyrosine recorded at three different angles of the stator assaangle. The latter information is easily obtained since the cot
bly close to the magic angle are shown in Fig. 2. Figures 2a, 2bsponding spectra look like those in Fig. 1 if the spinning
and 2c are””Br FID's. Figures 2a and 2b were recorded at apeed is increased or if the angle is changed in the san
spinning speed of 1.2 kHz. Figure 2c was recorded at a spitirection slightly (1). Thus, from the doublet splittings of 156
ning speed of 2.1 kHz. Though Figs. 2b and 2c¢ correspondand 190 Hz in Figs. 2d and 2f, respectively, the correspondin
slightly different settings, an eye judgment of angle using theaagles were estimated to be 54.5° and 55.2°, respectively. T
FID’s likely indicate that they correspond to the same angle, agquency separation between the collapsed doublets of Fig. |
the number of rotational echoes are nearly the same. On tfes been obtained by deconvolution which indicates that tt

sidebands spaced a;t, with the envelope encompassing the
Pake powder pattern are observed.
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are best resolved in Fig. 2h, which corresponds to the mag
angle. Also, the linewidths and signal to noise ratios for the

tallest peak at 130 ppm are 201, 130, and 158 Hz and 6.4, 11.
and 7.3 corresponding to Figs. 2g, 2h, and 2i, respectivel
Thus, the spectrum in Fig. 2h has an S/N higher by 509
compared to those of Figs. 2g and 2i. It is possible to furthe

fine tune the angle by reducing the linewidth of the center ban
at the magic angle; the result of such an exercise is shown
Fig. 3, where thé’Br time domain signal of KBr is compared

for the cases when (1) the angle is set directly using KBr (Fig
3a) and (2) when the angle is first set with the liquid crysta
sample and subsequently th8&r FID is recorded (Fig. 3b). It
W is seen in Fig. 3b that the rotational echoes are observed for

longer time. It is therefore concluded that the liquid crystal
method provides an easy, accurate, and alternate method
setting the magic angle. The preparation of the sample for th

purpose is also straightforward as described at the end al

can be preserved as a standard sample for use as and wi

required.

We had earlier suggested the use of the proton-coup@d
\\ NMR spectrum of a solute such as CH@r such a purpose

(7). The difficulties that are associated with the method fol
150 100 ppm routine use are:

FIG. 2. (a), (b), (c)"Br FID signals of KBr at three different orientations () It does not give a easy visual idea of the angle and henc

of the stator with respect to the magnetic field. FIDs (a) and (b) were recordﬁ‘ij?I
at a spinning speed of 1.2 kHz, and FID (c) was recorded at the spinning spee direction in which the stator assembly Is to be tumned to 9e

of 2.1 kHz. (d), (e), (f)*H NMR spectra of benzenesinh ZLI-1114 recorded tO the maglc angle requ'res some calculations.
at the same setting of the stator as (a), (b), and (c), respectively, the spinning

speeds being 2.1, 3.2, and 3.7, kHz, respectively. The insets show an expanded

plot of the center band in each case. From the frequency separation between the

doublet of the center band and using Egs. [1] and [2], the angles of the stator

corresponding to spectra (d), (e), and (f) were obtained as 54.5°, magic angle,

and 55.2°, respectively. (g), (h), (C spectra of tyrosine spinning at 8000 Hz

at the same setting of the stator as (a), (b), and (c), respectively. The inset

show expanded plots of the peaks at 115 ppm.

~10000 Hz '

a
corresponding angle lies within 0.05° of the magic angle

These estimates are based on the quadrupolar splitting of 33.8

kHz observed for the static sample and a linewidth of 110 Hz \*\“M
obtained for spectra recorded with spinning and shown in Figs.

2d, 2e, and 2f. However, with a linewidth of 40 Hz under

spinning that could be easily achieved for this sample, simu-

lation indicates that doublets with a separation of 10 Hz can be

seen as distinct peaks and a doublet separation of 5 Hz can be

distinguished from the linewidth. This means that the stator

angle could be set to within an accuracy of 0.01° by this U

method. In summary, monitoring tHel spectrum of a deuteri

ated solute dissolved in a suitable liquid crystal spinning in the \ b
magnetic field and observing the collapse of the center band J

from a doublet into a singlet provides a sensitive and accurate

means of setting the magic angle quickly. THE NMR N
spectra of tyrosine (Figs. 2g to 2i) recorded at the same three o0z T 0.04
angles mentioned before also reveal important features, which Sec

emphasize the need to set the angle as accurately as possibifs. 3. Br FID's of KBr (a) obtained directly and (b) obtained after
For example, the two peaks at 115 ppm (inset in Figs. 2g to 2éxting the magic angle using the method described in this paper.
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