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Phosphate Invert Glasses for Biomedical Application

1. IILBIC

MR CTHERYINCE LBET D ENREENAE
RIEPEH 5 2 (Bioglass®45S5) 1% 1969 4£1Z Hench
IRk o THE S, 1985 FRICE RSNz, 2D
T ATEEE ERMEFEREEEED, s
DUABBRANT T LA T ATI Y MR E R L,
BHAEZEELEED ERESNATVD D, H5HTE
DR A A 1%, M & N LB R & oAk
BREZRESEL20RBDH Y, ZOBEA 40
B 2EHT 5 2 &%, ARME O BE#EL~D
HERKIEDO —DOTh D, H 7 AT E RHH
WL EE L ZENTED D, BHEA A0 DR
HHZEB I AR AR T h D,

U BT T AE T A BT T A L L, @l
ROME BEHEER W2, kX 725y % TRV i
FACER LA T AR ARETH D 39, —i
BINZH F A1, #EBHA (Network former, NWF) J%
sy LB &R (Network modifier, NWM) %5y TH
MEND, NWF X, H T AOEHKEHEKT S Si0,,
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P205,B203 2 ETh 5, U VBEEA T A TIE, POs U
RN/ NORREMN TH Y, R0 =2=v b
EIEEND (n=0~3,n IZVUERICHE ST 5206
FE, KD,

VBT T AT A BRESOR U BIE T T AT
A, NWF D 220 BT T 2D fER
WATRETH 5, WH NWF 23D 722 Tl a
WIRIC L OVRBCH T A%ED 2 LIXREETH D
23, TiO2, Nb2Os 72 £ NWF & NWM Dl 7 D 15
ZRART L P YEBATH LTI A
LG 25, TDX DT A%, hHEERHLL
Sz NWM 728 NWF [f £ 2 i U-tigs & 5, =
DX IGERFFON T AEA L N— T TR L
MEOR, —fEIZHRRR O NWM &4 823 NWF L 0 %
U3,

U A = N T R, B DOHF A
e Z ERAEET, PHB ORI L Yk
FWMAEOEZICHETE 52 &b, WA
> O HMZEEHIEN AR 2B L B BN D, K
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FaCiE, AN AR S 2 WA 4 DR
DWW THTHLITHRIT L, A RAE o Ebg e (b~
I R A A VRINL Y A L N— N T T R
DIFFEHEFN WS 5,

2. Bioglass® & #1421z X B AR E
2 X B AEAERRRE

1R, 2B 2 RO AR RN A R A

(Biocompatibility) & A= {A&I% 4 (Bioactivity) (ZiE B
LTz 2, EEREAME &1 Al0s D L 5 I b5
\CZEE TS ORMEE \CBO B S HE L
RO 2R, EWIENE LM R E LA
DALZEBORIZ KV B AT D ME 2R d 9,
PR DA EHE, B bR E A AR~
BENTDHZ LT, BIBFL_IALEEZHA AT —
Rai&M b3 2 2 & Tl LWAERHB O R A 22
THETHD 2D, ZORKMRBNZ, AV R
i) I D 45S5

(46.1Si02-24.4Na20-26.9Ca0-2.6P20s, mol%) 73 &
% 18,

BRI 2 (R K 90T, Ml g, A s
b, ARALOERREE R TEMEETER T 5, €0l
FRIZEB W TR 72 & v R 7 BN BRI 5B L,
—ica T =y, TABIVEAT 7 H—F

2.1 Bioglass®

%3

7 A

Bioglass®

v
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(Alkaline phosphatase, ALP) , 4 AT AR F
( Osteopontin, OPN ) , & A 7 &+ I L ¥ v~
DIATHIT 2 9,

Bioglass®» L LIc r A B8, I D A, AV

N VEEA AL, A A VERRER T N

(Insulin-like growth factor I, IGF-11) D&% [ k=
S5 LT MO A R S T 10,
EHIZ, BFMEME~—I—ThH %S ALP BLD
FRA~—71—@ OCN FENM L LeZ Link,
B OREN R S 47z 113,

Bioglass® 3B 2 ik D e ik LA i i 2 3 A4, Al
1898, MR EORENRP DD, T ADD
W 5 A A 1 & o T PN B e 1 S K] 1

(Vascular endothelial growth factor, VEGF) , ¥4
HRHETEHIIA A E IR ¥ (basic fibroblast growth factor,
bFGF) Dy 1A E S fEHAEZME L, Mkl
- MEHAERET D 2 L CRIGIEE AR T &
W STV D ¥16),

, AT A BERH UEEREA~ fE
ENDWEEA AN Lo T, BB TRBLOM EIZ
F 0 ARBEREMRE S LD,

(Osteocalcin, OCN)

ZDkOI

2.2 A AT X B AR RE (R
Bzt SE 514 L LT, Mg, Ca, Sr, P,

: I g e e 1Y
€ 1 =4 | - -
1 1
t | L mRe
1 1
] 1
m 1 1 Osteocalcin (OCN)
&R : Osteopontin I(OPN)
Alkaline Phosphatase (ALP)
Collagen : :
1 1 Ll 1
10 20 30
MM/ B
2 BHMROSMEERRR L OSBRI BT DR 2 R0
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Nuazn@Eﬁ%%éh1w5”LMg4ﬁym
BOMBEICHRS AL 1, Mifalicnw s
2, #4522, 3k AR L, ZThIC XD AR
WHRESE D, LITEEICBWTEL, 7471
FIFUZRERTH D a5l Bl T 7Y v E )
W22 L CHilaEgEELm LS5 ENRH
INTVWD A, Ca P A AIEFKET NZA B
(Ca10(POa)s(OH)2, HA) D T2 72 flipli 53 C, AR
TIXBIERL - BRI OFHI B A JET B,
A AL IGF-l BEWIGF-Il OFBLZE M EEwD
L TEFMROREMEAEE L P, a0
fpast~ KU v 7 2 (Extracellular matrix, ECM) &
AIRACEARET D 20, Sr A AL, BT T L
HIZ R RDOTEMEARIC & 2B M om Fx &
O ALP &%) I & 2B S o (bRt i n .,
B MR RTBRAR Db & ET 5 Lo Z2D%)
BNHD 73, ED Nb A A T FEMIE OS5y
b« AIRILZAREE S5 239, Zn A A 1T EFAK
BILOHKACDVEITLHETH Y 39, ALP IEHE % A |
SHDH I ETHFHBOMEE R S5 5%,
BERORELSNZ, MEFEELETA A
Pl 274 4 BN & Twb, Cu, Co A
F % VEGF @ =0, (KER R EREF-1la
(Hypoxia-inducible factor-1a, HIF-1a) F&¥ & {23
5T LT, MEHELRTERESNTND 739,
F 72, PlEtEER9 A 4 L LT Cu,Ag, Zn N4
ENTWD O, Ag A A i3 b AN BT
HIFEMEME CTH Y, 7T LB - FREREICB W T
IR EESEIR CHUBE M 2 v~ 492, — 7, Bt & R
T A A X FERFCIaENE P2~ T RRER 5
7280, MPBR A~ O BRI 1L IERE 722 5 H & 0 il 73
WHTH D,
DX, EEA A ERWD Z L TAKRE
REDARMECHUE ME D FF 572 &) AR L BB

Ca
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{ERARETH D, Uil A v N— NI T A
Bex 2l B8R T 52 L BAIRET, MO R
M 72 2o R B L DRI K 0 A A &
NEBICHIETED Z LD, A 4 Oftih
e LTEBNEMEIEEZ NS,

Y VEBBEA L N— P H TR
3.1 CaO-P205-Na20-TiO2 5% U BB A o 73—k
A

U VRt A 7X— k' Z A (Phosphate invert glass)
X, Er U U@ (Q) BLOAAL MY UEE (QY)
DFNY VR =y DB ENTT T ATH
D, = O/MAIE 60Ca0-30P20s:(10 — X)Na20-xTiOz
(mol%, x=0~10,PIG)TH 2D I, TilxV v EEY
Z AHT P-O-Ti fia &AL, Vo By N—7H

BB THZLITLD 0, T ARERR &
OMBZEMAME A ] B S5 47%), PIG % 850 °C C
BERE STk b 7 A (PIG-GC) 13, & & B
BRREAAEMRIGME AR B A R Y VBB LT

(B-CaoP207, B-CPP) B LB HLY k=
FEmHEZ S A TND

T
7 I (B-Cas(POs)z, B-TCP)
44,4950)

BELAHE  (Simulated body fluid, SBF) 1%, % 112
AT RO A A IREA E FOMEICIEL 2
LEDICRE LI, Mlae s o Ry BEeEERY
KA T % 5152, HAZXT LI 72 /KA C
Y, RO SR T 7 BOSIC £ B BT K
A MEO AR FHETE D, SBF (TIRIE L7124
EHDF[# T Si-OH, Ti-OH, Zr-OH, Nb-OH, Ta-OH, -
COOH, POsH 72 EDMFAET 5 &, HA DJERAME &
hoZElbRHENTNS %),

SBF (Zi21#& L 7= PIG 3 X ' PIG-GC M (i Tl
Ti-OH % Eplsy & T2 7 NVEDOFMIZE Y HA @
HrHPMESND Z &b, ARIEEZ R TR L
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K1 KR E BRI (SBF) DA A R 52

REE [ mM
Na* K* Mg?* Ca2* cr HCOs  HPOs#  SO4?
R 142.0 5.0 15 25 103.0 27.0 1.0 0.5
AR 142.0 5.0 15 25 148.8 4.2 1.0 0.5

HfF S 4059, 207, ERIGHEDZ LW
Bh~Da—7 1 7L LTOIGH biRET S
72

SREFRMELE LTASKHWONTW S FF
FIFEZEDOEED H B %50, Ti-29Nb-13Ta-4.6Zn

(TNTZ) Itk D BAIF ¥ A&~ AR
IO E (P o 7 38) 27R7 %859, TNTZ &
HIZPIG &7 4 v 2 —7 47 L 850 °C THUL
B45Z LT, INTZRE~BEZCA—T 4 TR
FRETH Y, T OJEEIFH 10 ~ 20 pm, FEG IR IT
26+5MPa Cih-7-, Z D a—F ¢ > 7 JglL, B-CPP,
B-TCP, TiO2 (rutile) % & Tefkidbte & %81 4 T AFE D
LR SN Tz 808 PIG Ca—F 47 LTz
TNTZ 2kt L AR ¥5 AW cBm EREIT -
fol ZA, M1 A %ISR & B S
THRTOBE SN, 612, MASFRICHE
EIZEEZNTEY, invivo IZBWTHENTZAER
5 E R Lz 40,

32 BIURMRELZHNE LY VERIEA 3 — |
T A

AR DEE - ¥9hE - b A RES T L Z L2 B/
- Z H A L 7= (60
y)Ca0-ySrO-30P20s-7MgO-3TiO2 (mol%, y = 0 ~ 60,
PIG-SN) AT 7 ANHEEZN T\ D 9, PIG-Sr 1%, &
T AEREEDOM L, TR ETHE LY TR
F AR (MC3T3-EL) O - btk
NRHNIZ,

Mg, Sr
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BT AJEREE (GD) &1, # 7 AL LT S0k
BTHY, T ADmReEsHT (Differential thermal
analysis, DTA) OFENB/FBND, H T AEHA

(Tg) LAEMLA (T 2HRODZENTE, K
LTrahs 9,

1

A BV R ITT A D GD I3 0.25, 7 mol%d Na2O
Z G4 % PIG @ GD 1% 0.04, PIG-Sr ¢ GD % 0.08
BECTHD, £z, T AEERICB T LT 4
DOFEG N OFEHE L LT, Dietzel » HIEE S EBR
S (Field strength, F) 3% %, Zhix, 7—no v
NuEfigied 2L THLN, RATRKDDZ L
MNTE 2 564,

== I 7]

Z I F A OMELT, d 13 A T A v LERFEM O
Bt (A) TH 5, PIG-SrIZH\T, PIG OB
FEDMEVY Na (0.19) %, @iV Mg (0.45 or 0.53)
BT 2 Z & TGD oM ERR BN, £, Mg A
A2 OVEN & 2 Millads - B ORED R 54,
SrA AL OEAIZL D ALP IHEN | /57 6,
% NbOs | & # L 7=
60Ca0-30P20s-(10 — z)Naz0-zNb20s (mol%, z = 0 ~ 10,

PIG F1 @ TiOz

PIG-Nb) 7 F A28\ T, GD 7% 0.07 7°5 0.10 %
Tk L7z, Nb iZH 7 AH T NbOs A E 7212
NbOs \ [ {AIZ 72 % 2%, Nb2Os & A7 DB FE,
NWF & LTI< NbOs D EAHIIN L, Nb-O-P #5A
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DR %o oAk S 7z Nb-O-P fEGIZ L T A
DAL AME S ) E L7z 858, PIG-Nb % #&imfbd
% L, a-CPP, B-CPP, Nb20s % & d e d {7 7 A 2315
5, SBF [R{E%IC HA OISR S iz o), &
512, PIG-Nb | THi#E L7~ v A 2R Akl A
(MC3T3-E1) I3, Nb20s & H L7RWA T AT~
ALP iGN B o Tz, Fz, RO ND A A %2 F
A9 2854 (3X107 M) |2 THEHE L7 2FMmakR
AIREIE, ALP IEME A IRALDFRIE L 72 D T V3 T I
A B2V T, Control (Nb 1 A REGHH) 12
AHEICEMEE R LTz %D,

U VR A VN — N T AT Mg, Sr, Nb &3 A
THIELT, HTZANLBEHTL2ZINbA AT
£ VA oEERE - ¥EHE - b aMiEdE STz, PIG 1T
P-O-Ti < P-O-Nb 5 &5 DFFIEIC & 0 I T2 Pt A
PEZIRTZ LD %), RN TREIIMATE L2
LEEHICEHEETE DH - ERME L LTo)R
HRNHIFRECcX %, 2, BB A7 DA
Ry B —lEEH T AL LTHWS &, Bioglass®? &
INVRIRVENIEF @B NA T A L 1T B2 23510 T
DIGHNRE 2 Bivd,

33 HiEtEZ TV VBBl A U X— RN TR
PIG-Nb [ZENTALFMAME LRI Z &b, B
R REOHEA RS B DHEMEA A D Ag
RINAA L EHEANTHHTAME LTHEATH D,
CDOHTAEERA LT TV h~DANR Y X —
e LTHWD Z LT, REIBKRNICELE LR
DYIEMEEZRET D Z LN TE 5, 22T, A
O AgO % #H A L 7= 60Ca0-30P20s-(10 —
a)Nb20s-aAg20 (Mol%, a=0~5, PIG-Ag) 4 7 A Z{E
U728 A, ENTALEmAME, FUEEtE, i
Gt R LTz 99,

WAL Ag I, NWM & LT VBB AV—T12
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BINZL, £ 20~ ) v o 202 Ag T/
B e LTH LTV, PIG-Ag ECTHAE~D R
DEHERLD DA L 72 VE a2 g Lz &
A, Ay DRI D S RRRE ORI 2 R
LizZ &b, Ag A A2 ORI L D MineErElx
e MfEAEE TR TZ E BN bhot, EBIT, 7
7 LEPEE O KAGE  (Escherichia coli, E. coli) , 2
T LBMEE O AT R Bk (Staphylococcus
aureus, S. aureus) (ZkfL,1~3 mol%®d Ag.0 &FH
L7z PIG-Ag I3HTEMEZ R LT,

U U T A~ Zn B AT D &, (LFmAE
X GD 23[f) £ % 8970, 22 12Tk~ Kk 51, Zn
A F AT ERRRER L OEEE R RS, &
bl MOME L RTZ 0D, iRt 7T
P ~DHE A Sy 2 —liE L LT oD R
TZ 5%, bzZnO-(65 - b)CaO-30P205-5Nb20s (mol%, b
=0~ 65 PIGZn) I 7 A&ER L& Z A, GD 1%
022 ThHY AXMRD Y VBRI H T AIZILHET %
%R L7z, PIG-Zn 10> Zn I NWF & L Cfli,
VBRI N—T L P-O-Zn fEGE AL, LM
PEOH b RS2, PIG-Zn @ Zn A A U EEHIRIT
0.1 mM LLF &9 3EH IZ A B HBH Tl ¢ X,
KIFE L L OHEET R EREICRH L THRE %2R
L7=7,

LLEDZ &5, PIG-Ag IXFEF 1T 720 Ag D
A X0 Ptz U, M & M=o m b e
IHEB A LTz, PIG-Zn iE, P-O-Zn #A12 &Y
LM AR L OVGD 28m B L, I L7z Zn A A
N K BHUEMEE R LT, PIG-Ag, PIG-Zn 13E 7=
{LFmAME L EEEZ R T2 s, &RA 7
T RDAR Yy B —EER T AL LTHWS Z L
T, Ml ST b B A ARBIMICRE O THUEE
ZRTZEBHIMGTE D,



3AMEAIZLDY VBIES V=TT RD
BB LU HEB ~ORE

Ak L7z & 912, Mg i - 958 - o0k - A
JRIGZRET 2202 ~T, £72, Na2O % 7 mol%
EHTHPIGIZRWVT Ca%m$ T Mg IZE#RT 5
&, GD 78 0.04 705 0.07 £ Tl L35 Z Lk ),
U U A N — N T T A E ERE L CE Bk

Wz B,
HZ7 AHANBTHEE, 3.2 ([T TR LIZERBE
(F) OfEIZCHETSH L, F=01~04 % NWM, F

=15~20% NWF, F =05~ 10 #$figks & o
HTHZ LN TE5Y, MgIidH o AHhT6 £7-1%
AT THAE L, & DOERIMEIL 0.45 £72130.53
ThDHIEND, 4 FMOSE B E LT
ST HZLNTFRETH D,

MgO-P20s @ sy % H 7 AZEBWT, H T A
DY UBEHOEINEL 2D &, Mg O&E RN
NWM 75 NWF (2255 &G S Tn 5 379,
QP QL DI Y U=y R bR ST Y v
BRHEA 28— N T ZZEBWTC, Mg 13 Bk
ELTEIK ZENAIRRTHY, I AMEE~KE

REBEEZLEEZDBND, £ T,Q Qo QY
LSy &9 D Ca0-P20s-Nb20s 27 A D Ca %
KA Mg ~IEHR L, T 7 ADEEL L O A
WIS DV TR L 72 JE 2 439~ 5 7579,

Q¥ & iy & T % A X HARLA 7 A (MPG) © GD
X, Mg EFEDOEINTAEWLE L LA, Qt BE T
QP iy &I 2 e (PPG) |, AL MHAL

(OPG) @ GD i, Mg & Ca 23 3:1E9 HHAkIC T
Ktz w4 (X3),
BLOOPG 2B} 5 GD &N R L DI, Y
VRSV —T OREEICEINT D, MPG IE Q2 3
B Thy, VU BENEWVWEDEAIND Mg X
NWM & L %,GD o RIZERME (F) DIk

MPG & A > /3— MLAE D PPG

GD
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04

Metaphosphate glasses (MPG)

03 |

02}

A Pyrophosphate glasses (PPG)

@ Orthophosphate glasses (OPG)

D L L Il L L L
0 20 40 60 80 100

MgO substitution (%)
3 A ZHRL(MPG), E oHlak(PPG). A /v bfEk
(OPG)H T A ® MgO EHRIZIST D H T AJERkEE
(GD)

VY Ca (0.33) 2 5EV Mg (0.450r0.53) ~DE i
WLV, 7Ry U= RNREIICRDZ &I
BRT 2, —F, A 73— MO PPG & OPG i
QY QI BATF AR > TRBEINTHETH Y
3T ZORII N T A I RELSEE IS,
QU LDONF A G/ 2T A%, Hx
BRI T D HRED T A R
(Mixed cation effect) | Z7=9 779, Z DZhRITLL
TOZORZOFREEHRE SN TND

O hENAF L OBEER, REWA A2k
D MM ENTBRIZL > TERT T2 ™,

@ A F U N NVF—IZLERT A NIAF
EL, BEVWOBBIRKEZMEES 52 LT,
BENCKE R RV F— 3B & e % 7879,

PPG,& OPG I%, T AMEN I T4 D BAE K
XL ZIF D57, GD BT Cak Mg 735
KRR TIRG I T A VR L B 7z 7576),
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MPG O P A A ¥ &I, Mg & A & O BN £
WEAEmE R L2 (K4), 2, miko X 5 i
BRBEDE Mg ~DEBEP T T Ax Y T —
7 b Lz 2 LICERT 5, —77 OPG 13, MPG
EIIRXOEMEH AR L, U UEBEA N —
N AT MgIL ) g L—7 & P-O-Mg O
BEIEV LTV, OPG 1> Mg & A B3N
HITEE, U Rl 7V — 71 Nb LV Mg LS
L3 < 720, Nb-O-P #4 L W Mg-O-P & Mg-O-
Nb &A% < B S5 ™, Mg OB SR 1L 0.53

(4 BAT) THDHIZH~Nb X 1.50 (4 Bfr) TH
v, VBRI N—T LA LT Mg-O-P #5413 Nb-
O-P #A & D AEATRIENTIV, & 12, Mg-O-P 54
X Mg-O-Si #& &FEBLL, KIEIK P CHR I ITIK
SRS ND 88 T 5T, 0PG X Mg &A &DHMN
WAV AEDME T L7z, PPG DA A ¥ H
FlX, MPG X2 OPG |Z b~/ & < Mg & &ICBIf%
2 <IFE—EDEE R LT,

20

@ Orthophosphate glasses (OPG)

Metaphosphate glasses (MPG)

P released (%)

A Pyrophosphate glasses (PPG)

0 1 1 1 1 1 L 1 1 1 1 1

0 20 40 80 80 100
MgO substitution (%)

4 A ZHFK(MPG), ek (PPG), AL kK
(OPG)H 7 A D Tris AEMEVAKIZIE 7 HED P A A
VR 2 T

U VA X — NH T AL, B CEREE D
OIS, DT AL ORBERELZITHZ L
16, Caz ERMEDEV Mg IZEHT 52 & TH
TAFRy NU—7 BNigE & 720 GD o EARS
iz, LML, Mg MBI Y VBT L — 7 & ik
BEEDZ LT, KEEP TR RS LT <
20, A FUEHROm BB RS,

ZOXIT, VUBIEA = BT RITEBN
T Mg ITFEF MR DR A TR 2 00 n, AR
AT A DHERFT DL 72 2 e RITRD EER
LD,

4. FNVHRY VB =y RDERIND Y VBRI
AN—FHF A
A1AN Y VBRI T R

PIG @ Qpl, Q& 13K 70 %, 30 % Tdh 5 73,
3.4 2Tk =7= OPG 1349 30 %, 70 % &, QP % Lk
BETHHITATH-T, T, Mg DEAB K
WREDFAUHFRIZED GD om EBAR S
OPG ® Ca:Mg=1:1H/00, VU EBET T AD
B L7202 P0s DERREAE S LI ST T F
A &% B A L 2. T 0 ORE,
37.5Mg0-37.5Ca0-20P20s-5Nb20s (mol%, OPG-20P)
T A% QP DI THERL SN TR RN T T AT
Hoiz 8,

OPG-20P DT~ A7 hink, QP 8 LW
NbO4 IZIRB T2 B — 27 DR, 3P v Py 7 f[H]
[ R EE R 3L (Magic angle spinning solid state
nuclear magnetic resonance, MAS-NMR) 7>5 % Qy°
IZIRE T D v — 27 ORDBBIE ST, OPG-20P (3,
P-O-Nb %> P-O-Mg #E &2 L 0 QP /L — 7 ML
ENT- AT, GD X 0.13 LD U VR A N
— M TZALVEWMEEZ R LT, S HIT,Tgds 3 A
AHNTHEY P, Nb, Mg 28 NWM & LTH&EIZ L,



BHEOF Y b T — 7 iR IAE LTz, £ LT, OPG-
20P DA A VEHENL OPG DK 2 fE R LTz, Z
DEHIT, Mg DEABIWNEA T A R ETE
AL Z AMEE ST 252 LT, GD BLUA A
YRR ETE S,

42 ANVKTA ) UBIET T R
—WRHNZ T T AR T ARy NU—2 &Y~
Bty NU—ZNEWCHEAL, W—RhiT7 2%
TERL 2 Z L3 LV, Si02-P20s %A 7 A
TIE P20s &4 5 5 mol% % Tl Si-O-P #E &2 1ED
V)= 77 ANBoNL50, TN LTI A -
VUBRy NU—2IC3EIN5 8, LT, &t
BBETIER LAY VBT 7 A0 %<,
ALKERD T AW - ) VBT T ADFRy NT—
I REEOFIZ A N Y VW - A BRE DL T
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WD & WA ST D 88,

4.1 1ZT/RL72 OPG-20P 1> Nb % Si |ZiE L
72 15Mg0-15Ca0-8P205-4Si02 (mol rate, PSG) # 7
AU, T ARY AR MAS-NMR O B 5
QP L AN R AR (Qs®) MBS THEY (1M
5) , GD X 0.10 5ROV VA VN — T T
2LV EoTm, DED QL & Qs Mg & Ca A
ALV EBENTEY, VrBESEr A
el O RBEEELF 2R WRRNR T A TH D
8), PSG 10 Mg, Ca A A 1%, &4 HEHEMIC Qsd,
QP L #EA L, Si-O-Mg, P-O-CafE & 2 k3 5. PSG
DY R, OPG-20P L~y 25 FTH Y, Hh
oA FURHREER R L8, K- T, I HT 5 Mg,
Ca, 7 A WA F N KD BTEAROIRMERE Z R
DAESRRMEMELE L COIGHBRHI/BTE S,

(A)

Q,°

Intensity (a.u.)

0
QSi

Ql Q)

0O-P-0 bond

1300 1100 900 700 500 300
Raman shift / cm™
(C) Q0 ['P]

Intensity (a.u.)

Intensity (a.u.)

0 -50 -100 -150 -200

Chemical shift/ ppm

20 10 0 -0 =20
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