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Increasing sensitivity of high-resolution solid state NMR for quadrupolar nuclei
-Development of a novel STMAS probe and achievement of chemical structure analysis of trace elements-
(' Advanced Technology Research Lab., Nippon Steel Corporation, *JEOL Ltd., ’EPC, Nippon Steel Corporation)

Takafumi Takahashi', Koji Kanehashi', Yuichi Shjmoikeda2, Takahiro Nemoto®, Koji Saito’

Structural analysis of trace elements with half-integer quadrupolar spins has been achieved by
STMAS (Satellite-transition magic-angle-spinning). First, we have developed a novel narrow-bore
probe for STMAS that is capable of the precise magic-angle setting (< 0.002°) and the long-term stable
spinning. To evaluate usability of STMAS, practical comparison between STMAS and MQMAS in
sensitivity and resolution has been examined. Strong r. f. field is desirable to obtain higher sensitivity in
both STMAS and MQMAS. The degree of sensitivity enhancement in STMAS depends on
crystallinity of the samples. Resolution of STMAS spectra is affected by the magnitude of quadrupolar
interaction. Consequently, we have demonstrated effectiveness of STMAS to structural analysis of the
trace element, boron in coal fly ash, by first observation of high-resolution "B NMR spectra which
have not been obtained by MQMAS.
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NMR 227 bVllENE, JEOL ECA-700(16.4T), H{ED 3.2mm i STMAS 7'm—>

W To 7=, BIER OEEREREE, MAS =2 ho—7—|2 X - T 20+£0.003 kHz |Z
HlfE L7, STMAS A7 MVRIE T, BEHE DN EOREET R Y 7 A (NapSOs).
ORI E B Z S8 5 = & T, PNa STMAS ALY MUIC XV EfElic~Y w7 f4

(54.736£0.002°) ZFEEL7=%., AEOTNORRNE 257 0—T OiSEEEEFETIC
FHTIVREICATCE D L DI LT,
O EREEETEE V2 STMAS & MQMAS DRLEERS X OV fRREE K

MR A AAERA O K& SB L ORMIEO R 2 EREEMEIE LT, 4D~
(ALS1L,Os(OH)y), 717 A(43.1Ca0-12.5A1,05-444Si0,) Z el L. ZH S A HWT YAl (I=502)
STMAS & MQMAS DT X OV fRhe % it L7z, STMAS 71 —7' 0 Y ALK Sk
rfBREEIE, AICL AKIRIEIZHRT LT 96 kHz TH D, STMAS Tik, /LA~ AL LT
double-quantum filter(DQF), double quantum (DQ), DQF-soft pulse added mixing(DQF-SPAM) %
A, MQMAS Tid, 3Q-zfilter(3Qz), 5Q-z-filter(5Qz) I3 &1 3Q-SPAM % HV /= (Fig. 1),
@ FRIKD "BMAS., STMAS 3 X TN3QMAS 227 MVHIE

B IREEDNE L2 500 ppm Th 5 2 O ARIKREIZ AT L, ZNZEivalk, BIKE TN
LB MAS AT R IVREIE 18 7L 2 (0.63 ps) 12 TITU N, "B STMAS 35 L TN 3QMAS
AT FVRIEIZIE,. DQF-SPAM(Fig. 1c). 3Q-SPAM(Fig. 1f) > —7 > A & Z I Z UV,
RS N DQF—SPAM L—4r o A% L HP1=1.4 ps, HP2=1.2 ps, SP1=20 ps, SP2=10 ps
& L.3Q-SPAM +—7r > A|Zxt L HP1=3.8 us, HP2=1 ps, SP1=10 us & L7z, 7= rf58E X
H3BO; AKIAHRIZ% LC./~»— K7 UL AHP) % 147kHz, ¥ 7 b7 YL A(SP)% 103 kHz & u‘_o
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Fig. 1. Pulse sequences used for the STMAS (a)-(c) and MQMAS (d)-(f). (2)DQF, (b)DQ, (c)DQF-SPAM, (d)3Qz, (¢)5Qz,
and (e)3Q-SPAM. Phase cycles, ¢, are described in a literature [3].
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Fig. 2 Typical ’Al STMAS and 3QMAS spectra for a Fig. 3. Dependence of S/N ratios on the r. f. field power for the
kaolin and a glass. STMAS spectra for the kaolin (a) kaolin (a) and the glass (b). Note that all S/N ratios were
and the glass (c) were obtained using DQF-pulse normalized by the lowest value obtained by the 3Qz pulse
sequence, while 3QMAS spectra for the kaolin (b) and sequence.

the elass (d) were obtained using 30z one.

EBIT, Hr WAL= U ADRREZ TN 572D, F1 Hill~DOEFEART LK
fEME A2 L7z, HEIEO e iR T R e o 7o 7e D ek L8 TR DAL E
B WA AR E LT, A v BT AL ENORIE TH: BT S
& BE# D homogeneous broadening factor [4] & (DLE#E: % Table 1 (2739, iR A BT D728,
BIEME, STRMEE B2 3Qz ORTIETHIILL ThH D, AU THHALD AR OB
1%, STEME S IFE—T 2 DIt L, A7 A TIHHSTERE & 720 . STMAS OF{EE)
MQMAS &) —B L TRWZ ED5303%, 2L, BT AOWAL Y1k ORZIURRF-FH A/E
MRENT L EBEZD &, RFRERBIKR LTI % ISRV EROMAER G RO
VO AR AVER . AL 7 S ORI L 2 ROBIURGfFHAAER & OAFEIR) DB LD |
STMAS A7 MVISIKIE(L L2728 B 2 B,

Table1 Comparison of resolution between STMAS and MQMAS based on estimation of full width at half
maximum (FWHM) for spectra projected along the F1 axis.

DQF-SPAM DQF DQ 3Q-SPAM 3Qz 5Qz

Kaolin"! 0.96 0.96 131 0.87 1.00 0.45
Glass™ 1.26 1.26 136 1.08 1.00 0.79
Ref” 1.00 1.00 1.77 1.00 1.00 0.24

"2 The FWHM of each pulse sequence is normalized by that of the z-filter 3QMAS sequence (3Qz).
“*Homogeneus broadening factors reported by Trebosc et al. (2006) [4].
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Fig. 4. "B STMAS NMR spectra for a-coal fly ash (a) and B-coal fly ash (b). (a):16 t; increments of 50 ps, 4800 transients,
and recycle delay of 0.5 s, (b):16 t; increments of 50 ps, 18000 transients, and recycle delay of 1s.
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