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Time savings by a factor of between 20 and 30 in the acquisition  for the smallest crystal so far from a fully automated SC NMF
of multinuclear single-crystal (SC) NMR spectra have been ob-  probe @). In addition to the immediate gain in filling factor,
tained for submillimeter-size (0.01 to 0.03 mm°) single crystals  this design invites additional modifications in relation to the
when compared to recent results for *P and “Rb SC NMR. This 0 tomance of SC NMR experiments. These concern modif
gain in sensitivity is achieved by optimizing the filling factor using cations for {) variable-temperature (VT) SC NMR studies anc

the smallest possible rf coil (2.0 mm inner diameter) for the specific for (i LY f the filling f for ti IS i
SC probe design. Furthermore, this small coil is particularly useful or (ii) optimization of the filling factor for tiny crystals; i.e.,

for variable-temperature SC NMR studies. A probe design for such ~ What is the lower limit inner diameter of the coil considering
studies is presented and demonstrated experimentally. © 2000 the precision and constraints of this new SC NMR method? |

Academic Press this communication we demonstrate the results achieved |
these modifications of the probe.

The modification of the original SC NMR probe design for

Great efforts to improve the efficiency and precision in thgT experiments and with a small diameter coil is illustrated by
acquisition and analysis of single-crystal (SC) NMR specttie photograph in Fig. 1. A stream of temperature-controlle
have been exercised in our laboratory during the past fewt/cold air is taken to the top of the probe through a glas
years. Important advances with respect to instrumentation @&Svar and guided directly onto the crystal/coil through a sho
well as software for the spectral analysis have been achieygge of Torlon (polyamide—imide, Amoco). On the opposite
(1, 2. These have proven their usefulness in a number gfie and next to the coil, a thermocouple measures the acti
applications to quadrupolar nucleB)( Generally, however, temperature of the air stream around the crystal. This is
Widespread app|icati0ns Of mu|tinuc|eal’ SC NMR to problenﬁmp|er VT Setup for SC NMR than the Corresponding setu
in chemical research have been hampered by the poor fillipg the usual three-face cube goniometer design. Most impc
factor of the coil in SC NMR probes. The reason is thahntly, during the course of our first VT NMR investigations of
commercial as well as homebuilt probes are designed to @fngle crystals it appeared that cleavage of even fairly sms

commodate not only the single crystal but also the much larggystals along definite lattice planes may be a general proble
goniometer (e.g., the standard three-face cube) inside thenffsych studies. For large crystals, especially, the tensio

coil. To improve the sensitivity of SC NMR spectroscopy Weithin the crystal for a given temperature variation becom
recently constructed a SC probe of a new and untraditiongleasingly high. Although this observation came somewh:
design @). In this probe the complete goniometer has be%expectedly to us, it appears to be a common problem e
moved outside the rf coil, since this allows the use of a sma"&_r)untered in VT SC X-ray diffraction studies. In SC NMR it
coil in order to increase the filling factor. For this design th@alls for the use of the smallest possible crystals in order
crystal is mounted at the end of a thin glass pin. During rotatiquuce the lattice tensions during VWide infra). Thus, this

of the goniometer this glass pin traverses the surface of a C%%Ilenge goes hand in hand with the optimization of the rf co
with the crystal positioned at the tip of the cone. Using a cqlld for best signal-to-noise

of 3.8 mm i.d. the gain in sensitivity was demonstrated by the
H 31 1 H H

trecordlnlg4 ?_f_l_af P_{OHZ};?ZS;‘)SI?“M@% (O%Z) an%/IR s;selc- diameter, i.e., optimum filling factor, depends highly on the to|

rum at <. orab. ' £ mm=0. mm crysta angle chosen for the cone traversed by the glass pin holding

Of.(NH4)2HPO4 In just 9.m|n (S/.N= 23:1). .TO our knOWIedge.c(raydstals. As discussed elsewhere this angle is related to t
this represents the optimum signal-to-noise response obtained . . : . .
precision of the parameters determined employing this new S

! Current address: Centre de Recherches sur leéridasea Haute Tem- NMR probe technology4); i.e., for a decrease in the cone
perature, CNRS, 45071 Orms Cedex 2, France angle the precision of the parameters decreases, and fo
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NMR experiments were performed at 242.3P), 196.3
(*Rb), and 144.1°Co) MHz on a Varian INOVA 600 (14.1
T) spectrometer. The two-axis goniometer single-crystal prot
recently described4f was equipped with a three-turn 2.0 and
3.8 mmi.d. coil, respectively, for the two different crystal size:
of the samples used to illustrate the improved performance a
time saving.

%P CP NMR spectra of similar S/N ratio for two different-
sized single crystals of (NHLHPO,, recorded using two dif
ferent rf-coil diameters, are illustrated in Figs. 2a and 2b. Th
spectrum of the 0.088 mhrcrystal (Fig. 2a), employing the
original 3.8 mm i.d. coil and 512 scans, is identical to tha
shown elsewhere to illustrate the performance of our new S
probe design 4). For the approximately one-third smaller
crystal of size 0.032 mithe spectrum in Fig. 2b, recorded for
the smaller rf-coil of 2.0 mm i.d. and only 128 scans, show
that a time saving by a factor of approximately 30 is obtaine
for the small crystal using a small coil (2.0 mm i.d.) as
compared to the standard 3.8 mm i.d. coil.

To further illustrate the time saving that can be achieved i
SC NMR of small crystals using small coils, Figs. 2¢c and 2
show the results of’Rb single-pulse experiments for two
crystals of RbZgHPO,)PO, with 'H decoupling. The two
spectra in Figs. 2c and 2d exhibit about the same S/N rati
However, the spectrum in Fig. 2c is that of a 0.048 henystal
(3.8 mm i.d. coil and 8192 scans), whereas that in Fig. 2d is f
a 0.015 mm crystal (2.0 mm i.d. coil and 4096 scans). Again
these spectra demonstrate that a considerable time saving

b 2

FIG. 1. Single-crystal variable-temperature NMR probe equipped with an
optimized three-turn 2 mm inner diameter rf coil for studies of submillimeter
crystals (see text).

b
vanishing angle this SC probe technology does not provide th . . : \ M Ww
20 0 20 -40 40 20

information necessary to determine all the parameters describ-40 20 40
ing the tensorial interaction(s). Thus, a compromise must be
made between the minimum coil i.d. and the precision of the € d
determined parameters. We have chosen not to slacken on the
precision of the method and we stick to the half cone top angle
¢ = 19.4° used earlierd). With this concept we arrive at an
optimum three-turn coil of inner diameter 2 mm (coil length
equal to 2.4 mm) as shown in Fig. 1. Using this coil for the MMMWW
probe we show that a further time saving by a factor of abou } : s
30, as compared to our earlier results, can be achieved for even 100 oy 10 200 100 1(3 100200

smaller crystals. This is shown by the recording offa CP FIG. 2. (a)and (b) 242.9 MHZ'P CP NMR spectra (proton decoupled) of

spectrum for a crystal of size 0.032 mwf (NH,),HPO,, i.e., o different small crystals of (NEJ,HPO,. (a) Crystal size 0.25 0.5 X 0.7
approximately one-third the volume of the crystal used earligim = 0.088 mn, rf coil of 3.8 mm i.d., and 512 scans in 9 min. (b) Crystal

(4). The resulting spectrum appears to demonstrate by far ﬁf@ 0..2>< 0.4X 0.4 mm= 0.0372 mm, rf coil of 2.0 mm i.d., and 128 scans
highest sensitivity achieved in SC NMR, and gives great pror-2 Min- (¢) and (d) 196.3 MHZRb NMR spectra (proton decoupled) of two
. . . . . different small crystals of RbZ{HPO,)PO,. (c) Crystal size 0.05< 0.38 X
ises for the use of tiny crystals in this experimental methog’_s mm = 0.048 mmi, rf coil of 3.8 mm i.d., and 8192 scans in 55 min. (d)
This is further demonstrated by tfi&Rb NMR spectrum for a Crystal size 0.05< 0.20 X 1.5 mm= 0.015 mni, rf coil of 2.0 mm i.d., and
crystal of size 0.019 miof RbZn,(HPO,)PO,. 4096 scans in 27 min.
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A (o) B () bling of the number of resonances with an arbitrary intensit
ratio which may show up at the high or low end of the
temperature range. Furthermore, in removing the crystal fro

17 the goniometer after the experiment it falls apart into two o
more pieces. To reduce the tension within the crystal the use
1650 a small crystal and therefore of the smallest possible coil, ¢
4501 employed in Fig. 3, is recommended for VT SC NMR exper
16005 iments.
400¢ 3 Finally, since single-crystal NMR is usually regarded the star
{550 dard technique for determination of the absolute orientation (i.e
€ 350¢ i within the molecular or crystal frame) of the tensor for one o
& avol 1500 more NMR interactions, the present optimizations for tiny crystal
will allow more widespread applications of this technique. Re
250} {450 cently there hag been an inprea§ing Fntere%PlrSC NMR studies
of crystals, which are of biological interes, (/). These have a
2001 size in the range from 0.12 to 0.25 mmnd obviously require

much longer accumulation time than used here because of |
. , . . , . dilution of the P nuclei. It is believed that our new SC NMR
-40 20 0 20 40 60 probe design employing the optimized small i.d. coil with its
T(C) improved sensitivity will further stimulate applications of SC
FIG. 3. Graph illustrating the temperature dependencies for @@ NMR in biological research since even smaller crystals than tho
resonance positions (the two central transitions) observed for the two magneised earlier, 7) may be applicable.
nonequivalenf®Co sites in a single crystal (0.02 m)rof Co(acac) with an
arbitrary orientation. The reference point for the ppm scale has been arbitrarily
chosen.
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