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Abstract: With the advent of super-conducting magnet, NMR spectroscopy becomes a very important tool
in geology as well as in chemistry. Si and ’Al, which are the main components of minerals and contain
structural informations, are useful major targets for the NMR study in geology, but some other elements
including alkali cations such as *Na are also one of them. NMR can be applied to many different fields.
For example, it can be applied to study smaller range of structure (in molecular level) than XRD and
TEM. NMR provides us with structural informations such as order-disorder in Al and Si distribution,
oxygen coordination number, and distribution of other cations. Another important information that we can
obtain from NMR is not only the static structural informations, but also the molecular dynamics. This
dynamic informations of molecules also enable us to figure out the frequency of molecular motion and
activation energy. Structure of amorphous minerals and chemistry and structure of natural organic materials
are also studied by NMR.
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Fosty x| FE-Eukg, FEoA e HEHEAEH
82 A, 2|3 FEe AHo] A doju=
Sk Wl Uizl ARE ded =%
21 Th(Kirkpatrick, 1988; Stebbins, 1988). 3 4t
SgsldMe e BEYEo] AR BFRRE 4
o) S5 EAR Wl IA Hed olgst
2 olsfzte] slold NMRe| ofF 8314 Al
ohell, AE->H Y, Massiot, 1995; Watanabe er
al., 1987)

]2 NMRo| AR o3& 279 dFe F2 #
2o whAA et dFPL YAlely 'H Fo| 2
o]l 2=t 196034t 1970\ dtholl & FE YAlz 42
7 4L olg3sl] FE @AM AlF SiE AT
sl oA oz HAH AA e AL A A=
o] AR 7224 FAE GF, 28l F2F ol
9 g A% Tl B A7t AYHUC oj g
AREL XA 34 EXAd Frte] HEE AF
e g s v BAEE BEA S E)
stalof gthis Aol ojx] 1 Aol HAUTh

1980 T BolA Astat 57183 Fr|Ee A
2lo] NMR9 &4 7|42 WalE dolatA ==
dl o) =& A high-field)e] AL 2Raje] vhd 2

oo W@ M oRJOIN R
LA
N

oo gt

Zglo] W3 (Fourier transform method, FT), MAS
(Magic Angle Spinning) ¢ WHEo] Aduksl=wHA
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Fig. 1. (A). Precession of the magnetic moment of a
nucleus about the principle axis of the applied magnetic
field, H,. (B). The magnetic moments of many individual
nuclei(the spin system) fixed with respect to the rotating
frame(the primed axis) and resultanting in a net magne-
tization, M, parallel to the orientation of H  in a static
magnetic field. (C). The tipping of the net magnetization,
M, of a spin system due to a small magnetic field H1,
perpendicular to H, in the rotating frame. In a simple 1-
pulse experiment, H, is applied long enough to orient M
perpendicular to H, in the rotating frame. During this
time signal is emitted from the sample and detected by
the spectrometer (after Kirkpatrick, 1988).
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Fig. 2. The Fourier transform converts a time domain
signal (above) into the corresponding frequency spec-
trum(below).
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YA MASE ARSI 7 1 ojAde] A s o
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A7 pzEr e ZYTE FRAETE 42 A2
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A pREL 72 XA HEEH Y EFHAA
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2te tholel YUxty oMY AR FRE AT
. d24 dguE FAEFEY A Al sig] 3
A)-5-Z A (order-disorder)& golB =t AR E o] gt
(Kirkpatrick, 1988). ©]#13l AXM-FHAAME A-7st=d
£ F2 Y7l AHgE dukEog XA SHEY
5o wye Aoz ME i el Al St
b BAMEA A HEW 5oz ols 7R
g 4 glrt ol8l g FEA AL Si9) FAE APEA
Al-O-Al ZAFo) Atha oo 2/ Agelde
AR E Ql3te] o gl nAlF o lo] HHEH o
2 Zash 988 & £ Aot debdozE wAAH
Al, St HAE9 AT 2% H(cordierite, Mg,AlSi.0,)
o] thgl A-FolA #H tebdth(Putnis er al., 1985,
Fig. 3). 2349 A% e 329 28 2y
o2 gE F e AA el vmst F BelEo]
vel}] gl the dFuE A FE R 2
A0 A g e WES A AAE Ko
Fuh dury oz 2N ol 2 AM A wdH
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Fig. 3. ®Si MAS NMR spectra of synthetic cordierite
annealed at 1185°C for (a) 2 min, (b) 24 hr, and (c) 2000
hr. (after Putnis ef al., 1985).

of e AHE HAFH 1185°CS 1400°CAFo) 2} &
ZollA 9@ A7 43S m(annealing) 2 A7e] &
7HE5E AlO-Al 2L 23S BARTHE A
9] F7h, Fig 3). 28y ol=’ 23 g2l gt
Hog ¥ i olie ZAgHoZ g2 AluA 2z
& 7HE dFuE wAEEEY A9 Sigol 9
M2 thE 59 Al(next nearest neighbor, NNN)ol| 2
3] FArt S gz 2ert gA oA
ReErhEA Y Ha).

A A FEY A Al &r syl
el FHe st F A ool AN R
2 "=3e] FHalol EAZE & 4 gl wbA Al Sig
AA-FAAM e oo ¥Si MAS NMRo| o}F #-43
Aoz dEFY ol#d NMR #4279} 2e7ME
Z(Monte Carlo) HFE] Al E#H ol Ao 2w
g A FEA YoM ALO-Al A FAlof
osle] dniHo g AAHE AR F2 WY AL
Si AA7} 8-S B3t} (Herrero and Sanz, 1991).

Al NMR2 A F&Eo da] FE=HY AL Si 2
A g dsted AoAE 23 AFF B3 o3 Bz
o] Z Z7rt MAS #73tollAE glolRR] goba] o]
2 el Al Sig] AA-FHA A-7E ¥Sidl At
a2 {83 2 ez YA ohKirkpatrick
and Phillips, 1993).

2 YEUE FaE FEe AR A7
ol e Al Zx A7l §45HA AHgBL
dubel A3 Azl ofshd YFEulE AN FE
A A Psieh TAle] 3lEHA olFzt FxA ety W
F(RA)7H) ARA #AAZE & dHA ) ol
BAEE S 384 o|2E2YY & dysold £
om FHIol= HHFE 23 Aldto] Bol o]FofH
A oj g HEA FA) e o8I dHE v
A B3 Uk HAE FERAT FoA dutAold
AN Fa8 Re A 7gA AFsa dE weF
& JojH(nearest-neighbor, NN). 3}3H4] o] F-& wj| ¢l
7t BT E U 2o A A S7hHE Ze
Aoz A Atk dEH d=2AM Si LA F9
R Aast ATEE T2 JEAREA Tx) ol
A oo Abhel ARE sl A=A @EA F2)9t
e 718A 22 & 353 olFe Aolz HA ¢
F Aok Psio] AL ApEA @] wiHaE 6004
-129ppme} gzt WA A6 WA A
9 -18090A4 210 ppme ZETHEFZ 2] #E). 5
o] i 9ol RS 150 ppmollA] FHo] dojdtrt
(Kirkpatrick, 1988).

TALE SHM Bk oj5e 4dA ATL +55904
+85ppm Aho] 59] WL E zh= A9E 430904
+41 ppm ApolollA, 2a]5 gHA A 04 15 ppm
Abolol| A} kA B TH(Kirkpatrick and Phillips, 1993). 671
9 kel AFElT Y FEA ARl Z$ 0ppm
SHAM FA7} e e AFAER AIC, TF
Ag AHEE] dEoln FEd &) AP 8 &
oM EEA JA) BAN F2E FAFHIT U7 o
Holt}h, o) 2khel Afsiy e AlEAY Al A
= olroh o & ¥ g Zed PSigh vhEiix|
2 dutxog wider ZEeE ArE gA4=7
F718ta o8 ArA A7 FUHESE 3
o] e A AN} FutEE oz dojdrhSe

Zoz olF) Si?] A= 4F WEASY 249
ZEEZ ddld A4E FEESL AYdslrE PRE 4
MY Abiel MYAAES olFT JdorT AkAhelo) ul
A8E F& 28 FosA gl 28y AlY B9
AolMs el wigleet e7lle] wielFrE URbAo R
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Fig. 4. MAS #Si NMR spectra for the two different
analcime with different chemical compositions showing
several peaks with different number of Al

FEoM E3] WAy Wi ol Hue ofF
Z9ap AHER $ Utk o2l FRE o] g3 o2
= Kim and Kirkpatrick(1996)2] NMRE ©]&3t H|2|
olo] Eqvisgite) ATE E F Utk BiAololEdte B
52 Mélon(1942)°) 8kel TF 4FrE daF <
2 FEZ S HIE YU Fo McConnell
(1952)2 XAl FdEM Y sty AaE BEUjg o]
Fgo) oy FxE 2 e ofF Ay B T
Z& 7k gz dEX% 28y 2 & Dunn and
Appleman(1977)50] H]xjojo]Eo] Fxof sl o|&-
< A7lsle 5 old E =L ALE gt o
of that st dlgS £ Aol MAS NMRY| €]
tHKim and Kirkpatrick, 1996). 9t HlAjole]E7} wh
AFAgo s BE Si9k Alo] A} AVHA TERE
o2 gl obdya e FRE FHo] YuiH o] F
& o] AL oA el Sigf rhalbvbE AbmA) 3
Z5 ol & dledol k. 1zt YAl PSi, P
MAS NMR®] A-7e] ofshd Ale] A% AHEA Al
B Ale] BE ZAlsle o Jeiyty F2 %
A AleE FAHe] e RoE et (Fig 4).
Z opdal PRofE OE FRE e FEE B4H
Atk P, ¥Si MAS NMRH#4 X-4 sl 8o AAE
s 1y uixjojolEx AGEo) E(crandallite)2}
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Fig. 5. Al MAS NMR spectra of vis ite showing two
different Al coordinations.

A W23 F22 Hol glen 712 $3Fe] H
2| gke ARulE A FE, o agx AL}
B ddse 94 4580y AN FEES BT
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Fig. 6. Room- and high-temperature static Na NMR
spectra for the two different analcime.
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Fig. 7. "*Cs VI-MAS NMR spectra of hectorite in a 1.0 M CsCl slurry collected at 8.45T and temperatures from 50

to —100°C (after Weiss and Kirkpatrick, 1990a).
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Fig. 8. *Cs MAS NMR spectra of illite collected at the
indicated relative humidities after reaction with 0.1 M
CsCt solution for 5 days.
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