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The Effect of Iron Content on the Atomic Structure of Alkali
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TFolMEe 2& £33 wFgd Fﬁ"“ﬁﬂ A7 Fx Ao A Adg 14

(NMR)& o] &3te] Hdl 16.07 wt%2] Fe,0:7F X3 HIAA 7wl 74+ (iron-bearing alkali sili-
cate glasses)?] Ao FF W} AATx vXE G FHFAT. Psi 244 SBAHT)
< AT A, Ho| Tk met 2W-AA ghtAzte] FolA Y olw Hol JHAL Slv FXA
(unpaired electron)®t 3 A% (nuclear spin)?te] 43 2-& 0 2HE 7]9gth ¥Si MAS NMR 23 2
3, Fo] TFHA & N5 A$ Q) Q' 2 Q'Y FAE AN E HArt Helgd wtetd,
Ho] Z3H AE9 A NMR A5 g4 7Aae 93 Zo| yojRoayn 7tzte] 4 37
A9 FHHA Ayt 22 2o el et ~2FE-o] oA 384 XH gh(chemical shift)
o] %OPX]L A4S FUstGEd, ole Q'Y T4 4L UeUE HFozA H FH Qo] B

AspA REx3HI A5E AANTT "0 MAS NMR AFoME Ho] A & Ao e A2
22x(Si-0-Si) 9k 1l A2 4F2(Na-O- sl)7} oz RelgA g, Ao gaFo] FrsAA 2o s
B7go] A9 REHA ek ol A7AAE A AV gHRF L0l A £ wAA 9f

Abd o] AR 7= ﬁ?oﬂ a3l E7de AR

FQ0{: ¢ TYB W T4, 7si, "0 A4 FURFRY, AATE, USi 2847 AL

ABSTRACT : The study on the atomic structure of iron-bearing silicate glasses has significant geolo-
gical implications for both diverse igneous processes on Earth surface and ultra-low velocity zones at
the core-mantle boundary. Here, we report experimental results on the effect of iron content on the
atomic structure in iron-bearing alkali silicate glasses (Na,O-Fe,03-SiO, glasses, up to 16.07 wt%
Fe;03) using »Si and 'O solid-state NMR spectroscopy. »si spin-lattice (T;) relaxation time for the
glasses decreases with increasing iron content due to an enhanced interaction between nuclear spin and
unpaired electron in iron. *Si MAS NMR spectra for the glasses show a decrease in signal intensity
and an increase in peak width with increasing iron content. However, the heterogeneous peak broa-
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dening in »Si MAS NMR spectra suggests the heterogeneous distribution of Q" species around iron in
iron-bearing silicate glasses. While nonbridging oxygen (Na—O-[4]Si) and bridging oxygen ([4]Si-0-[4]Si)
peaks are partially resolved in 0 MAS NMR spectrum for iron-free silicate glass, it is difficult to
distinguish the oxygen clusters in iron-bearing silicate glass. The Lorentzian peak shape for »Si and
0 MAS NMR spectra may reflect life-time broadening due to spin-electron interaction. These results
demonstrate that solid-state NMR can be an effective probe of the detailed structure in iron-bearing

silicate glasses.

Key words : Iron-bearing silicate glasses, ¥Si and '"O NMR, atomic structure, *°Si spin-lattice relaxation

time

A& 23 A &A= AT 3L F
of FA7k HE vhIntE FHHL Y T8 BL
ol MEH & AA EAstes 2AKEF
WP 5t % AA%H ofnE 2 2o
Th(Herzberg, 2006; Winter, 2001; Idehara, 2011;
Rost et al., 2005). 53] He 479 EAROR
S G A9 295 BAol o)F 44
of & WstE ofr|ely| wjiel Ho g e
HAA A AAAR EAE FHse A
AT el epd AR olsheke W B
Aok, =3 g X 4 §5AY ANA
A AT Y B A Belo Tx9)
DT Aol Jlom 4 A F2FHA wE
o} SeLAel B 5o UA Belo AL A
HE T3l o]ald = UTh(Lee, 2005; Lee and
Stebbins, 1999; Mysen and Richet, 2005; Mysen
et al., 1985c¢).

WA Faee) 246 Aol AE JFE
37] Yt HE e uAgA i dE

S, ol xFHA & Asel Hlal HAH5(

7 543 TAaHe g9itE AFEE HoFe

(Bouhifd er al., 2004; Dingwell, 1989, 1991;
Liebske et al., 2003; Mysen et al., 1985b), &Z
2] 2FE(NaO-Si0,) &4 o] E3s A ¢
%S 7S 1400 KA logon 7t 2.19] &L 2t=
W Fe,057) 40.18 wt% E38 59 249 A
S logio77F 0.072 F4% W3lE Hlde A3
ARl A7} A A = A Dingwell and Virgo, 1987).

10

©] 74§ 88.33 J/mol - K& Ftol A€ 1t
Fe;0s7F oF 20 wt% 8% Z3d &z 4
LA 79 800 KolA 120 J/mol - Ko #&
Zte Aol wla 2ol we} FZH A (negative
correlation)®] Y&FS] A& Ho|HA 1000 K
A 94 J/mol - KOZ ZATTHE AMado] Bl
%2 (Lange and Navrotsky, 1992; Tangemen and
Lange, 1998), Na,SiOs-NaFeSi,O Al2:Hol|A &
9] ggFo] FrIgto] meEt AT (Hizs-Has)’t 5
7tte Abd e APAH R 818 th(Sugawara
and Akaogi, 2004).

&g vpe} o] Ho| x3HH HAA 49
ANA QA ti3 AFE Tt H Tk o
2 E49 Wstel| tig A3yt b BuEI 9lo
U, A"l ZRAQ] oJe} & 7HedHAl dte Hol
EohE vgA A dA Tefe] F2A b
dolu} Ho] x4 T2 mA& Y] i AR
© & 4EAA Eohth oA HAgA Ak o]
WA 32 AAE A A (long-range order)®] F
Aot kst Jef e FA A (disorder) 2 AgH HH
4 4 F2 AT FEAHR dEH gE, o
T AAE Bt oSl 4ksl A H(hetero-
valent nature, Fe’" and Fe')E AT 4 9= 3
o EAZEE 7|Igt. J8eE EFsta b
of AP WHES o] &sto] Ho| uAFA F4b
dol A Fx YolA oug d&E FYsteA
olafst7] el A7t A&KH gt 7129 2t
#3354 (Raman spectroscopy)?] WS o] &3}
24 9 250 megt 2epAe HBE FAEY
TUEE BFFo =N Hof AsPied BE F
Z U & ths) LopruA stion Fe*'o| 7
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¢ YEYA u@ o]eo gAY 9d&S 3t 9t
= A7} RuEHAH(Wang ef al., 1993). T3+ X-
A G EFEH(X-ray absorption spectroscopy,
XAS)o|y F|2uHlg-0 E3FE4(Mossbauer spec-
troscopy)= ©|&& 71& dAFodAE I A
uE o A E 2Hste] e AR
BHAQ Fe-O A4ol¢ Fe thHA| o vt A
e APAHOE Tt dAF =z Y FH, &
8] Ao wiithHA el i ARE Az ST
(Brown et al., 1995; Calas and Petiau, 1983;
Mysen et al., 1985a; 1985b; Wilke et al., 2007,
Wilke ef al., 2001). 7L A3} gukxog 74k
HAA oA UET A o]-2(network for-
mer)C. 249 93-S = Fe''Y A 4 wiYE
g, UEYZ ue o] (network modifier) S ZA]
o] Fe*'9] 7% 6 WIS zhethe AAS U
gttt mat ol o5, 24 U gt uiet W3l
3= Fe-09 2o g Fe thAle] Ht3 9
J=& #Fstaa stk dEE EFuEY =
gol w2 Ho] AT A E FFES golr
7] 948ked 5 wit%® Fe0s7} &8 Na,0-AlLOs-
SiO, A 2"lo] Al(AI+S)S 0.1914 0.474A] &
AN AN T HIZA A5 E kol
3EA A3}, Fe-09 v Ae7F 1.93 AA
1.88 A0 E ZHadthes AL 4 F UATHMysen
et al., 1984; Mysen and Virgo, 1985). ©]9} H&
ol HIZA At Ee FAskE doled T/ @
A S A2 T2 Yorfe] Hef Ado] ey i
A He=tl, ol Al7(cation field strength)’} &
7Fgtoll we} Fe-09] Hat A7t S7bskA Hof 5
wt%2] FeO37} e, 43 4ol AlVIE 2=
ol ad|go] E3HE Al 2E(MgSi0s)e] ¢ oF 2.02
K9 Fe-O0 Hv+ Aggkol ZHAh(Mysen et al.,
1984). o] Ade A we} o] dAFZ 7
A FFo] DAL A A WslE Fe w9
ol WSE FEFE WA "o Ho| £
WA TG Fe-0 ARl 43 2w
Q_ﬂ'/\] %4‘-9-231‘ H\i/\o]]:]‘ 7.5 1’1’101%9] F€2037]' _\:j.s‘:!'
B uAA NaSi0s0ll &F 4 GPa2l 482 7h3hd
A E2vpgo] BFEAS & A, el 1.97
A%e Fe-09 B AF4o|7} 4 GPalA 236
ASE ZF7}dth(Mysen and Virgo, 1985). E3t
CaO-Fe;05-Si0, Al2=Hlo A 2571 1600 Kol Al
1800 K& 5ol we} Fe-09 Ag40]7} 2.30
AolA 271 AR J7heke AdEe HAFe

b ol 2Xo wel Feol wigl7t wsksit=
& AMAFeHtH(Nagata and Hayashi, 2001). 3}#] 7k
AA Aol dAF =z AWGF FFES WA=IHE
Aoz AFsrlo] A 49 WHEY F
A& Qete] AA RAA 25 d¥st=d 2
FHoly AFEA AXNA HEEH HHH 0w
A# 5= A4S (network connectivity)t %Fo]22]
2ol AAsl= T2 A (degree of disorder) &
o ARE AAHORE AL & g

HT 54 YAF¥(element specific)l] &3 A
B wief, Agpdolet A, ol dAEH
o] 924 F)E AFHOE AASe 1 YA
3 E3E4(solid-state  nuclear magnetic reso-
nance, NMR) &9 ¢ 47| A5 +H
S FE W8 E AR A AA
Al A Fz29 FHe 7bsstA st Stk 7
9 1% NMRY] 4, 5T 445 2-8(dipolar
coupling)? &}3+4 2}# 7k2] o4 (chemical shift
anisotropy), At =2F 5%l E(quadrupole moment)
Y Wl eASE ot TR ~HEHS
de Aol fA &ty 28U A7 WEk
AR A BFS ERT AEE IHANA BT
AZr 43 AEY] AR5 A4 s MAS(magic an-
gle spinning) WHE7 "Ou YAl 2 AFF
2 & F(quadrupolar nuclides, &2HFA71 1/2
o 2 AF)o] zte= AeTA a3 224 A5
S AAS7] A8 1E 23 3QMAS (triple
quantum MAS) W E9] TS 1 Ee 29
Ede de AL 7MesAl st th(Frydman and
Harwood, 1995; Levitt, 2001). °]#3 Ly &S
7|12 sto] H o] XFHA 2 HIAA A
Holl ot deEe] AT | BEAZTH HAA A
AAY wtantel AR A EAC o2& ook
& 249 A2 FZE P THLee and Stebbins,
2006; Lee and Sung, 2008; ©]4<, 2005; 2%
3 o], 2009). ©l¢ Zo] 14 NMR< &8
oeFet 249 B 4t dA FER g
ATF7F 47T AAE Holm AFHoln AAH
A ARE A= HIste, §Y YHES ol &
sto] AA AFAAGAA Fag dTE AA s
Ae Hol xFd nAA FAIEY A= A
Aok ole A} e G davt 23d =2
o] NMR A@A dehves dAT Aaef A
o AT o 5 HIES/N)Y A, gA4% 2159
Hold dd o QI3 Edle & ] 7]

lo
b

— 303 —



Sk A Uael A9 el AR 2Y
GLHIgOI £ ogo] s, ol

Eolﬂl %E}. 019Jr
st BHAY A~
23 FEFe %’"‘—711 o 27] ¢
71] LEl= 3 :L 7Ur NMR A&
4315 B
7ﬂ EW o] o] &
°l —r][ﬂreﬂl ok & 3d-
o}_]_ o)\‘— }\]-x]_x-l OJ/\o]
] _g_o]tﬂ- Z—l?é]ol o]]
HESERE dojA& @HL
A @A o}, 715 %—TLOH m2m oF 1~3 wt%
Fe,0;9] Zo] x3td Z;W*(forsterite Mg,SiOy),
257X (pyrope, [Mg,Fe];ALSi;01) 52 E&& o
48 Psigk YAl NMR Ago] A4 947t A
= Yol thste] Aate, Ho EAjo wWE 3
A°] olF oy Hol gle w Kol ¥y
N Z-8 7] F(anomalous peak)E H&3t= 59 2
I}5 B3 H(Kelsey et al., 2008; Lussier et
al., 2009; Poulsen et al., 2009; Stebbins and Kelsey,
2009; Stebbins ez al., 2009). T3+ Ho] T3+H ]
AE A AfeE 144 NMRE ©]&31o]
Aol dAp -zl X = Gl thaf olsfste=
NEE T3t 5 wi%s] FeO7t 34 vAgd &
Fr =AY EEREE Wi S BESHA
=t A& o H9 f‘é}“"ii dFulg w9l
o = HIAA dethe ZES A S THKelsey
et al., 2009). °]A ¥ @_ZHWH A+e e &
o] 2FH0.5~5 wit% Fe,05)ll 3¢ Al 2HlS
ol &g Aurto] AAFHJCEE Ho| EARE <
g ATz ¥sE #Este=d A AT
J8u Mgk vkek o] 14 NMRE HHE 9

ol
o
o
>
N

A7 72E FRSEE A4 4EE PEees
A Aol 28 MAd 7Y Al solAE o
2 BgRao) gl uh AHdoln A 3
BE ANG ALz JluEn 2822 4
sianlel fAE e W) AEA(>10 wit

Fe,05)0& Zt= HIAZE #4tge 14 NMR A+
© AA AZdHA ] ddsts &5 Ase ol
‘3H’5‘}%Eﬂ Ao,

2 d7oME 14 NMR
O g d& =3

RHEAL o] gt
MY Qge

(alkali-iron silicate glass)oll thato] FFael 4kA
TR A A e BFS AHE ANstuA F
o o5 98t 7148 mhanke] REA 2H o)zt
7% NMR A@elA 1Es5e ~HEJS AA
& 4 e olYAl(sodium disilicate)e] Z4& 7}
A *}ﬁr d(Fex05)9] Bl&o] Hf 16.07 wt%7}HA]
E ANEE FASHAT 0|9k Zo] FAHE AR

9] ¥Si MAS NMR 2@# *Si NMR] 294
A} $43}A| ZH(spin-lattice relaxation time, Ti)S

Aote APS T3l P4 FHY Ax A S #F
o g Ao Fxo i3k YA @Y JEE A
14 sgon, "0 MAS NMR 23S 35}
AA AAA wkanp £E Ho| x3HE HIRA A
Ao AbA TR AR S AFHOE 9
ate Zlo] APA 0 Jhgsithe AME S A A

m&h _1[}1,

o P
NEE

A& et vAd 978 it Ase
AFA(NayCOs)F 482 (Fey0s5, SiO)ZHEH ol
E3EA o> N E[(NaxO) - (SiO2), NS2]9F TH¥
gk "ol FHFE Zte A E[(NaO)iy - (FerOs)y -
(SiO2), with x=0.10 (NFS10), 0.20 (NFS20)]7}
FAEAT. A5 FES #5te] 7‘7bl ZA
oHDPoh B S AstEY] EFEES He &
7hdel ¥al Ar 87408 o] Foizl i%ﬂ &3
2 AFg3le] 700~800 CollA 1417 ot g
SAZ F, A7 554 oY 252 1,100C
oA 1ARE 3 &F HHE FAt SFRTFE
olg3te F& WAANZAY. 1A= O MAS
NMR E3E40] A8 Age 700 20% 5%
H SiOE Abgate] AZEATH B AFolA wE
o & B ARv WgEriUsete] wkgow A
o] FeFo] MslelA] AEF Y Wg EUHUE A
g3t 9o §A HHo] 284 WEFHT T3
Hol ZFH A &S ABNS2)9 Ae, 47 A
HOE 3t 0.2 wi%] CoOS FH7hste] 23-
Az $3lE slsith. {8 F gl 9 bE
F9 S4E Q15 NFS109] 74 0.9%, NFS20°]
A 11% BT FA ZA7F Aoy I 9o
oo skal, ICP-AES 48 53t9 dxg ZAd
M g &3E Sis A3 Na, Fed A4S
g1t Na/Fed] Bl&o] Al4HE fh(nominal com-

=
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*Si MAS NMR 232 Varian 400 MHz 173
NMR (9.4 T)¥} 4 mm & ZZHE o] &3} 713
HAoH, 79.48 MHzS 25 AFFolA i
Fuo AA 48 BEsY T PSi MAS NMR
AYLe 1,67 pse 9 BA30° E2)E AN
o FAmE g7| Ak Ho| TFE A ke Al
59 A9 60x, do| TTH AR A 0322
AR AT =8 do] xFHE AR ~H-AA
AN SA8H7] 98k 0.0003~0.1% HH
e ME g2 FxumE grae zke S
MAS NMR ~HEHS At A59 3H &%

TMS (tetra-methyle silane)®] 4 UAF 74E 0
ppm o2 3} T}

0 MAS NMR 2Z2AM

"0 MAS NMR A &< Varian 400 MHz 1%
NMR (9.4 T)% 4 mme] Z2HE o]§3to] 713
o, 54229 MHz9| 2tEo| ZlgoA 4hAa
Fuo A7 a74< #Fsdth 'O MAS NMR
AEL 03%9 H2HHE gi7IAHE 2= 0.3 ps
o] & Hxa(15° EA)E Agsger 129 9
2HHE 7| A S F3T AR A S5 14
kHzE ZAs9oH, H,0Z2 33tz 2He 7|&
E4=Z AMgste] H,09 AFa 94 374& 0 ppm
o7 39t}

PSi AE-ZAX 2SN HE FDt U E

ru

o
—[m

B3 & A wHlEAT)9] Hiow
A A7) Azde 18 o, o 27
T A 7 MAE HHE €%
(thermal equilibrium)g} 3} Al 2=E19] )
HRAe A By S o A HgE %
& s Witk A7) Al2Hlel| A7HA S
stete oF A7 2™, 299 A

z279] st HAstd EFFFeHE 44
27 ¥a 9 ARE A FaAdEe @

5 o &
O \(

ot =
O 8 ® ok & rlo 2

AN
a

o>,
- o>

2 lr
o

ol

H&E = o] A7) $%3H(magnetic relaxation)d
Aolgkal dtk(Slichter, 1996). ©] AL #7|F
B EREAe B #EEHY 24 TR w
ANE OE A7) 3t e Boled 7 Al2H
o] A7] &7olA Hole 3K (magnetization)©]
AlZE st el ot BE Y af §H o] UE
bt} 53], 95 A7l tiste] Halg WaFo
2 BAske g3tE ~9-AA s 52 T, o3t
2t gk ol g 2] 3 A A2Ee 7
Zko] 2We| 7o) wet AHFHEE UA &9
HA A BRE AA e F23 Aotk YRt
Ao 27| b= A8k ZF Aol tiske] ARt
o] WFE st AFTFHQd EAS BoFH o
£ 3 A 7 (relaxation time)o|E} 3}l o] A F
A& A7l EHEqA T& AR FeliiAe o
o] FrkHET

290 A2 QIS FZ 90°-7-90° B2 A
A2E o] 83 E3}-3E 7% (saturation-recovery
measurement) 0.2 ZA3ch 529 z7] A|~H
of A3 AstE of7| M F A4 ARK(r, delay
time)e] A& B Azt wE Ao WsE
gtk o] wf 2] ¢} A 1 NMROA
HEEHE AAA()d ;E A5 7] 52
HEH golM)%t ehds] oj¢tE AEjolA #HEEH
= 21359 A8l FFMe)H] v &S Tkl HF
she o TAE AY ftoll 24 AL
29 FEE 5ot 74 EHY Ar|H 4AE e

© &3 AT 2 93} Y/(relaxation behav-
ion)E ¥obd & otk o] W ~A-Ax ¢t}
3t HrEs i8] A% 7249 FeHe ta
I 2

M/Me=A[1—exp[— (7 /T)"]] (eq. 1)

9 T g 0d1A 141019] ghE ZHE stret-
ching exponent2A GRFHQ] A|2~H9] 749 M/Me
© o o} ged AFErY] HH(p=1)o=
A7) h3tE Holet ol Al2HY EE 2Ho]
Y SEE S3lHE WAUSES 7HAL 7]
Zoltt. Iy 2 AFdA o] & Hi 2
A At 2FE A|2"Y Afde A
a9} #&ste= & 23] Ao kA Y
2yo| Zk= A7) @3t 5 Yol 27| o
#l|(heterogeneity of relaxation behavior) ¢ 2
o] g 18T &e gro g &3t ‘stretching
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Fig. 1. Saturation-recovery ~'Si MAS NMR spectra (9.4 T) of iron-free sodium disilicate glass (NS2) and

iron-bearing sodium disilicate glass (NFS10).

exponential’®] $3}&} 02 UERo]oF FTHTse
and Hartmann, 1968; Hartman and Sherriff, 1991;
Stebbins ef al., 2009; Stebbins and Kelsey, 2009).

I8 12 EY 7o wE vAd @28 4
Ao Aztel WE ¥si 2W-AA A7) $E FAS
HolF= 2332 ¥Si MAS NMR 2 Eo]
o Hol 2FEHA &2 NS29 ¢ (AHARh o
= _L§]. ;q]ﬁ_ /\,ﬂlEEJO /;E}qutﬂ ;(]01 A]7]—o]
24020 o|2#HA 2AE | 27|77} Aol Walsh

7 e EES HolEh ¥ Fe,057F 8.38 wi%
Z3E0o] 9= NFS109 4% 71 0.1%9

oo A7|EHMES RE ~¥-AA A3y}
Ha gtk o]F Fot HE EI3 49
EHY 2A0-AA g3ld o] ZstE o] Ao
I Alifﬂl Hlsto] P8 wE A7t
7F AP, B AFM AAG AFAE F
Hol 238 B4 ~9-A 43l A A4FH
o2 oty HAMME 1072 B9 Aol &
TEGE AS & 4 ATk NS29F NFS109] ~3-
A7 g3l %gAlﬂﬂ BAHHORE ol A9
Zpolg HoleA Hluaty] fJate ¢ gl 2IE
3 £A2 i EH NFS109 A% log 73t
o] ¢ 2 (~nx 10‘2‘)0‘ HH 2U-AA Ssprh &

5= 99, NS29 A log t7F 2~3(~nx

T,

_O.Lr&z e ol fe >
N Rt ook Jo fu AL

L
o
_&L_l‘
|1-|>|1-'4
r-

10°22) AlolA 37t 45
g B3] dol §Ro g
A5 AZto] 21 TR 4~5
el Aol® s AL @

zAMo s 343 Fese 2344 958y
o] BEE o= Ho| A1 Qe FHAT} 3

2H 7o) a8 o] 7la 2 HE 7];_] TE Aot}

o “g re
Lm
o
2,

ol

—D‘oﬁ [ rlr

d,
Y, ¥
N
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#Si MAS NMR A8 ZA3t U E2

O9 2¢ #Ho|l e QA ¥ NS2%
Fe;037} 16.07 wt% X33 NFS20 A &9 *°Si
MAS NMR ~HE# ol A ~HEZ] A3
Ql 371 Wste a8t 71 &l Hie)
7o) NS2¢] ¥Si MAS NMR9] ~HEHS Ay
B _101 ppm &4 WL H&i]%(FWHM)% 7%
= Q' (4Si), -92 ppm =AY Q@ (3Si), 1L
ppm A2 Q* (28i) ¥E & YEhE Aiﬂ i
Aoz EFo Yl JthiMaekawa et al.,
1991). =5+ Q"] Z+zte] 9|35 g 7H-AIQF &
o |2 HAE 7 4 3 HH Y A
H&-S et Q9 QF #A4 Y nlgol A4 10%
ol Q7F oF 80%E OHOW 101 NS2& A4
dhe T4 B4 Q B AujHolzte FF
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Fig. 2. *’Si MAS NMR spectra for iron-free sodium
disilicate glass (NS2) and iron-bearing sodium dis-
ilicate glass (NFS20) at 9.4 T. Vertical scale is arbi-
tral unit (not normalized) due to comparison of sig-
nal intensity.

A AEE de g Aok Wb, NFS209] 75

A 28EY A7)9 ZAE Qste] 1 29

© Y ol w2 A4 4 39 W3
o1

T UTh NS29F NFS209] 2HEF ]

1mate Ho) o wet o 1/12 4=

g 37]9 7Z+art BFAY. o]#d A9

EY9 7)o Ho] HFL HAE o]fE Ho

¥gi 29 AR ATk FFE HH = o] fr9)

IR ol AL e XAt a9 3
237ke] Az ol 7l 7]lsh),

ol Walo] B2 ¥Si MAS NMR ~ZHEH9)
W3l oA 22 O A8 BEE) Yste] 1Y
3AGAE 7 23 ERS NS29| ~HEFS] 7
2 A 7t3Knormalization)sted YERASITE 18 2
ANA BRI A npIIAE Ho] EojA
ko NS2o| A= 7t 749 8] REHog B
g0 v A= ZE NFS209 PSi MAS
NMR 29 EHS Awum o) geo] 2743
wrel AdiAel 277t fﬂxﬂ—s}yﬂ ZF ke glom
7y qth e L]—E]-LH‘* BAoE Ry
5o Zo| F4¢] wojAHA HA7 Aol 7
A3 Yt} o)g} Zo] 7+ 979 HH‘];‘(FWHM)O]
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Fig. 3. (A) Normalized *Si MAS NMR spectra for
iron-free sodium disilicate glass (NS2) and iron-
bearing sodium disilicate glass (NFS20) at 9.4 T.
(B) Stacked *’Si MAS NMR spectra for NS2 (black
line) and NFS20 (red line).
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