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1. # B

R=F 4 2 A F - VRAMEBRX2EYCFRCE KA, MAkEED, chiHBT5
Tedd, AMELEBMHTHZ LicX DitAERH EXRBTREIKLL REhTELYY, K
HoBKEOBERD 1 DXKEOFT 2 HAMECHRTHOT, MAELMANT 5D, &
DEAMEEOBEYERT 2LENRD D, Z0hDT7 AL L B {LEEHNTHATE
M, ZhbRERCRAMZEETCES, LiL, SESAV~OEBLYELLBE, =
A+ RFERCHBELREL T\, 1987 4, Ll EIKERBRB L, WA <—-F4 22
ﬁ—F@ﬂﬁmvv4vm-fu«uVEQ%GJFMG@é%DmE&%ﬁmL% Z hizHl
FEe=vAvR:. 7Y &) vREBK UUTMGEEER »EBL, EEFZRNLLOL
BELTA-74 7408 -FRBEETHL0T, Bkl TERER -HENRERNT
hELEL, £ESAV~OBBLTETHH L L TWD, ZOHEZIAHERERS ECRERE
BRHEATHEVIELACESTED, <VvAVBESZ ) 2 ) VAKE R L v — g
YEBL, Thbbel A VvBEBENELe - ESL, 7V ) vEBESSTRELART
5 TRRBELYUR TS LEEIRTVAY, TOZ kit BBKEEoBE2ERX
BBEDTRL, BREELHRT 5700, TERERIFEL>BEEL TS,

Lil, ~vAvBEtie—REOEEE, e —2D0KBETO= AT AKEESOT
BEMEAR D, B RHEEEERE LR TV iev, AR T, MGAEIK X Y A# & MG Mo
RERRLBELPITHILED B, o T, F—REerr—Ri<v 1 VBEOKEAKRY
BT H0, vAir—RARBRU IV a— 2BV EFAERYT -1,

2, ¥ E&

2-1. EEOWEN
2-1-1. 2L B 7)) oaBein—0RN

e —2E, HEOEEASK No2 AV, DOLUDAKCBEL-AHEY KPR
SEERL, K, BEREEL L, 8K~V vBROZY) ) vORAYWY 500ml 5
P E—d e D, v a viREFERL AL NBAR XL, MG ESYARME
L, BK~VvAVBIZBCT/ V) YREBBLED, B—RBRELDETILME,
WL, W—LhoThbIbRISEIZ OBIELHER L, = O, MAEEX100C
EBzieEorlic, £0%, ZOoOMGCEBRIEBLAEXLAKZVETOMZ, =vAv
BD20%BREIDLHICHFRL, Thir MGAEBKE L1, ¥, BKk=LvAvBEY)Y
) v EOREGHITEIRERBBOHEY L, 3:1& Lk, &0 MGCAEKY, XK
2V VEBRere — 2R L 10%E DL ICEB L, TV Y — b RERE 500
ml 57475 R ICERERB . T7rve— REIGHE, REY 7522 0ERD
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BHORTLT BBV, €7 7 h A-3=Z00borkfyv, ERFAY, BEHERE
ORIR L DECHKERACRETH-0FAELER L. BEFE, BEXH DY
FABORES S — sl ECRKicEMIE, BEY ) = vBhTeMBRL, Rt
REIX160, 180 3 X 0°200CH 3EHEAXREL, £+ ORET 1 BB X 02 B0 & &LT
FRIMPICE R, ok, HOMUDHEOREMEE TS Y 2 vlIR B L TH 34,
FIGREY> ) 2 VIHICREBE L ThLEABANFIEDREREET 2D 30~60 % EL
foo RUDIBARKORERTEDLRBM, ZHIIABREFOKF LB 0THD, Kt
RTH, BRETHAL, ABELI0NUDFELTCHE 7522 BL, BERBCETSHET
BEE®RL, BEEYRELL, Riterre -20BEYAIEE, £RBIEREOEK<L 1
VBERUZ Y ) vEBRET AL, AMSHCELTCT Az -1 /v €Y (1/2,v/VO L
7%, BilE MG A e e —ADER LV RAE L —ROBEEYELF %, HMEYRD
oo TOMGAE L v — 2 NIBRBETHRL, LTOERKHEL I, MGAE £ L
P2 T A{bBEOEEB ML, MGAE AL v—2 (160CT 1 BEAE) ©
60~100mesh 7 5 7 > 2 v 0.5g X, 50m/ D 4% KERILF + V 7 A KBWE I 200m! &
AE75RahT, 2EBMBR L. 742 VAEBEOMG L e — 23, K EERL
2o
2-1-2. EAO—R LMK LA BREDRIS

e —RIEEABMD L r — R 27 & — (300 mesh DL E) #FViz, €4 e — A%
B CRIGHEYHAIRED, 1w — X2 5g 2 KM 10 7EBEL, 1G30r 5
A7 4B —CREMEBLCHRSKGEED, R DMSO TR« L 723 5# 10 579
BRUTES|ER L, Tho—EOBREYILK2E®IE L, —F, DMSO20m/ iz
BRK~VAVER2g HBMRL, WK<=V A VBD50%DMSO BHE XML, Zhic kLo
DMSO & ARt r—AEHAL, MEL LT Y2V 0.5ml 2z, #BELANSER
TUBBRGX T, 0%, 1G3OFIFA 74 AL E—THBL, 7 Vv TRIELES
L, BEE®RL, CORERYE VI VBAB e -2 E LT,

2-1-3. ZNaA—ZADTL A YBIAFILOWAY

100ml 753 A2 0.5gD7va—AkEbh, 15miDE I VERMZ, 75X200KC
Bl A EHERL, 0~50CTMBAL T/ v - A2 BRI, BRE CHEE,
ERDOEXK~ VA VEBEYMXTHBRIR, 75 R200%.7 74 LATEHL, #BETT
URHEIRIGE T, 0%, RIEHx#H200ml ORvEVITERBRLENSE T LI, £ U1
W, BLOM L, BB7e~<1t27574— (BEBE, 78/ -1 28—
K=4:1: DX - TRIGK, WBY, LELZXBREL, EBEZIXZEASREERDLE
ELTWiWC E ¥R L, WBRYEYW 1 0BB= L B AL, —BEBBLE, Zh
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¥HBL, PERYBELEXR, REZRLL, ZOBR=7 At L X0y % TLC
THBILIcE LA, RIG X VAR L LS H BB =7 VRBHEBITL T, ls, &
LHLDOY VY IARIRRIGEDO VA VBBDO A Xy b XBDbRh o7t KRGS V32— R
KNETFRDOhI, “OBBR=5 1 il r s/ ra—xD=v I vB=2xT 1t Li, K
AW E&K=v A vBEIIva 2w T5EA0T, 1.0, 1.58X02.00 3 FKHET
Totee THIXEK=V A vVEBOH0.54, 0.81 5X0°1.08 g YT 5,
2-2. rAtfl, BeEDRE
MG B err — 2D 60~100mesh D7 57 v a VEIVEK= VA VBRTRILE®
e — RARRECAV ., MEFER, BELOHECELL,
2-3. WMBOW
2-3-1. FIHR (IR) BULRRS P ORE
£y v 2 KBrgFigw X hRIE Lo, BiE#s%, 215 HITACHI Grating Infra-
red Spectrophotometer Z v 7z,
2-3-2. *C-CP/MAS-NMR il
~VAVBABEr e -2 ZOWTHIEL fo, BERAMME Brucker MSL-400 TfT»
Fro SMEREH#E L Lt TMS % B\, spinning rate 134000 r. p. m., spin locking and decoup-
lingfield 1312 # & A CHIE L 720
2-3-3. ‘H-NMR Z~Z MLORAIE
3MED I/ N a—ZR<= Vv A VB=ATFARDNTHE L, #EL, Brucker AM-500
HEALY, Blo NMRECEXKEERANL, oA+ vE—Wnricb o AmEREL L
THW, 40CTHEL =,

3. R LEE

3-1. MG QB O—20MR

e — 2K L 10%DO\AK~ VI VEREEU MGABKYEBL, BAELTELH
7= MG LB+ 1 e — 2ADMHR % Table 1 R t, KGREDO LR, ¥ @SEREOERE,
EEMMRYEMER, o TRSHETL TV ERYRLL, 100C, 1BERORIETD
HEWMNEIL6.3%TH 52, RIKEOERIL10.3% &8T5, ¥, REEEO LR
SHEEEHEMKROEMMATED Sh, 200C, 2BMITIXI12.5%ET 5, trr—2x & MG
FO<Vv A YBREDOBIZIZ= AT AEEIBEELTWAZ LHHAIZREDT, 44 THR
Li-MGAEBer e —~RD 7 vALflik X OBl 2RE L 7o, RIEHRET B 12h 7 V1Ll
HHEIL TR Y, =AFAREEPRECTOSATREELE 2 & hibh s, —7, BMflir 1L
i ixRich, BATAHERLRL, 160C, 1BERITOBMIZ1.13TH 54, 2KM~D
RIGRSEOER T 1.05 7R L, E»rcET 5, LaL, 200C, 2RMCI30.26 2 &L
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Table 1 Properties of cellulose treated with maleic anhydride/glycerine mixture.

Reaction condition Weight Saponification Acid Ester Monoester
temp('C)-time(h) | increase®(%) | value(eq/kg) |value(eq/kg) | content®(%) | content®(%)
160—1 6.3 2.30 1.13 30.6 12.7
160—2 10.3 2.31 1.05 30.8 11.9
180—1 10.3 2.60 1.10 36.0 12.3
180—2 11.6 2.86 0.45 41.2 4.7
200—1 11.4 3.08 0.47 45.7 5.0
200—2 12.5 3.13 0.26 47.0 2.7

a) Based on original cellulose.
b) Sum of monoester and diester contents.
¢) Carboxypropenyl content.

BETFLi, 20z &3, RIBOEFTEELEDICERDO I AL EFAENFIL, =25 (il
TLTWBZERRTLIOTH D, EHLRIDZLF=ATABROEMCY > THHLATD
5, rVALMEDMEL Y =AF AL BEEHM LA, BHOFEIREALORE? Ty, KERS
Wa—ABREOBBRELXRL T3, Fra—2RBREDCLTOKBREVNBERIWLEA,
100% & 7eh, Fle, =VvAVBISHARVEBETHIEND, E/AFARE =27 4K
ORI OREEHRBE LB ENTE, ThbD2200ROFERYHE TS 2 &L 3EBOHEST
OBRECHR LS, MR TIBMLAEL ALEGL 2w IAEF S A EPER),
ZDOENSE ) = AT AERFREB L, RIEBEDBROhT=2F v BIIHML, —7%, =/
TRATFABRIPA LT EREREB SR, 160C, 1HBHOKIGTIE, MGAE L v —2
D= AFAE30.6%, £/ =RAFABRI12.7%THH, Fhfhlzro=v 1 v BIE
BIhicZ LBEMT S, 200C, 2REABE T, Thbal47.0%s X 2. 7% EL
oo THITBEBED I N EFONAEBRFRL=RATFAREGL, P=A2AFARMPHBR LD EE
2bh3,

MG AaEEerr—-ADIR ARZ FA%Fig. 1 RL7c, BABLAL R —ADARASRZ b A
13, 3400 c™ I KBREORINE D, Fio, SHEEE VW2 1640cm CBRINEABHE SN S,
ZORPHFH IV r - AR EENIKRRCIBIOLBbNBY, MGAE 1 e -2 T
131740 e~ KEEB LRIEIARE IR, Ch3H A E= A RXORRTH D, =R T AL
EVRFICHBAZNI L ERTRTELDOTH B, T, 1640cm™ D> 7 FroEkitwr
AR LI Vv VBROZEEAWRRTAEELONE, 0L RBEAKINRELOD
BRLbALRBD, —F, TAHVABLEYY IATE, dAE=AEDY 7 FLriiTe
CRHERLTWRV, Zhidtre—-ARBSFTHHH, UAREZCLIVRT v LR
S~ EE I L E X LR DR, BUWREDOK 7 o M LEH T 5 AR LFET 5
boLHEREIND,
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a, Untreated cellulose. b, Cellulose treated with MG solution.
¢, S ificated MG-cellulose treated with 4% NaOH pp. for 2h.

Fig. 1 IR spectra of celluloses.

3-2. eno—ANT2VABIATFN

MGAEZE TV A VBRI r —R =X TFAESE LTV BT ERIROVWTIRIR
FCHRBLAEBYITHEY, —H, ~VAIVBIRZ VL) VEL=ATAKEEL TV :E %
bhd, COBR=ATALBRLIR AR M VOBRRC IO BEBL T3 LEEIN S,
AR —RE2VAVBLEDHED = AT AREEOTEEN S X AT ¥R T A9, K
BRNL7 )2 ) VEBRALT, CIVOVEBRELTIEARTEA R — 2 2B K~V 1 VB
DHTREE R, EBBDIR A2 b A% Fig. 2R L1, XK~V A VvBERGLE:
na—ADAN7 bk MG AB v — RDORFERIRIC, 1740 cm™' 0 BRI FircicH B
L, 1640cm ORPAHALTCED, 227100V F=2LERV<v A VvBO_ERES
BHFICBAZIRTWB I EERLT WS, ks, ZORBOr vAUli, BEXRIELLLC
5, 17ra—2BEIOVH0.UEO~VI VvBBR=AFTAKEEL, F05H#0.26 @M
%/xx%»fbé&ﬁﬁéhto

SOREREOCHMARBT S I VEMEMR LB 57, NMRICL AHERT- 1, &
KeVvA VBRIV —ARBEEOBRCERE TH oD T, *C-CP/MAS-
NMR i & 2 B RBOBEZ T oo Fig. SREDARI PARFLE, 757 A0 T
D “C-CP/MAS-NMR? Lt oIz X b, 7N 2 — ABEDORKICOWT, 65.1ppm D 7
FARC-6HLIL, T0~T5ppm D> 7 F A3 C-2, 3, 5fric, 88.8ppm X CH4 BB h
72o 83.5ppm @D, HW Lo~V BHRIZ I - TE LT r—Firovars—i, CAMLDORE
CXD23DTH5, 105.6ppm DX 7L v M iXC-1IZBEIhi, =V A VEBREDRER
DWTR, 11R2.5ppmiXF v 74 VREDO I LOEBDO I N KF o A HCBEL - RE,
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T(%)

1 1 1 [l n —

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 650

(em™)

Fig. 2 IR spectra of untreated cellulose (A) and cellulose treated with maleic anhydride (B).

-2,3,5" 1

240 220 200 180 160 140 120 100 80 60 40 20 0
ppm

Fig. 3 *C-CP/MAS-NMR spectrum of cellulose esterified with maleic anhydride.

128.4ppm XAV 7 4 VIRED > bD = A7 AFEECHEE L RRE, 171.3ppm i3 4K =0
EORELLTENREFRBELI, 20z bzt bh, BEONMRIZI-Th AT AHEE
Crd~vAvBOBANERIRL, Lirl, BRENMEVTIDE, ~VAVBOS v —
AREAOEAETMET MRIB ORI o7,
3-2. JNA—RDIL A BIATIN

rr—RARBFE< VA VBOBAMAL BRI TA D, e - R0EEKBENTDH
A2 —ARHACCETAERY T o, S —REEK=VIVvBYYY O VvEEST
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T (%)

[} 'l A A A A 'l — A 1 " |
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 650
(em™)

(&) Glucose. B) Molar ratio of MA/Glc=1.0/1, (C) 1.5/1, D) 2.0/1.

Fig. 4 IR spectra of glucose and glucose esterified with maleic anhydride.

RIG&e, Zra—20<2 Vv A VB=ATARRAB L, 7ra—-2iuT &K~V A4 VB
DEAITL0, 15K L V2.0 D 3EHECTIT -7, RICWE LhFh G-MA-1.0, G-MA-
1.5, G-MA-2.0 &£ L7, Fig. 43 h b 3 00RBYR LIV 7/ A2 —2DIR A=Y b AT
Db, = ATFNALHDORA7 b ik, MGAE L r— XD LR, 1740cm™ & 1640
cm ! KH A IRBRIESREBR LT3, ¥, EKk=v A vBOoeAKPEMERIZL S
W, ThBHDYZFAEES ¥l LT oS 5 WA TAERAED bR, 3FEo= 2
F b onTERLR 'H-NMR #RIE L7z, 72+ vOBENE L, SHBLHRcT3
e, UToREYAVZ LT3,
H-2,3,4,5,6 <V A vBBBREYEESL TRV L2 —-2DC-2,3,4,56 0% 7
vt v,
H-2,3,4,6-- 2 VvAVBBEOES LI/ rva—2DC-2,3 4,6 DK Tr by,
H-M: - a— AEB L~ VA VBBEOA L 74 v 7 et vD5Y, HREOH
ANEFNBEDEILYDREDO T+ v,
H-M o ra -2 li~ v vBREDAVZ4 v TR VDL, =2F 0
BEoLIehORFEDT = + v,
12o0#FARELT, Z1ra—ADC-HMIE AT AREES LB E % Example iR L



e —ROT o Aft (D - B8 - NE WA 267

oo FNMa—ADT v b vORBIISIBREDY

L HB L TfT 2 %2, G-MA-1.0 ® '*H-NMR Hzc-o-c-g@u{@c-m
27+ A% Fig. 5 0R+, BAEELEL ) ’
Lictesd, HBEOKBRES » + vIZERL T
Wb, H-2,3,4,5D > 7 >+ 138 3.0~4.0
ppm Btz COEpyrXa, BT/ <—
WHEBIBEREADT vt vO 7 FAnE
BCEREY Do TV B, —ELTERIE
5T ilLY, e 1~4d 4ppm iz 5 7
e~ Fhv a3, 4. 3ppm ¥EBrE
BTV FADBENRL-TWE, 20D
LEBBA (W4.1~4.3ppm) ZH-6 D> 71 2iE2bh, FAa—-2DC-6DTa
VDI FNRCONDOKBENT £ F AL L BAERBRUCH0.3ppm > 7 T 54
B2 b B L C, BEBos 274G 3~4.4dppm) X7 s LT hie v a — 20
C-6fLn~rw b VEIDL H-6 LRERLI, —F, H-2,3, 407w b v 7+ 113, C-2,3
ARLDKBRENT v F LU B4, BESBRACH1.3~1.7ppm o 7 + T 511121810 i,
¥5.0~5.3ppm KRNI TWB v 7 r Ak H-2,3, 4 WigBRIhic, ~vAVvBOFrLv T 1 v

Example Each proton of 6-maleoylglucose.

1 H-M

H-M’ HDO

iy

v T T Y T T T v T ~ T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05
ppm

Fig. 5 'H-NMR spectrum of G-MA-1.0 in D,0 at 40°C.
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Te bt vORBEOWTIE, NMRF—2ED B85~ v A VBRIV VA VB A S
NOF—2 EHBEL, $6.0~6.2ppm Dy 7 FApiH-M 72 b v, #6.3~6.8ppm O
IV H-M 7o b YEEhEhRB LI, 27 F7A0 7oV ERIERTH B DT,
TN — ANDREESTADOEY, HDEVIEE) 2 AT AN ATFADPDENCE - TT R b
VORBHERTHDIDLEELLNE, ks, ¥T7.8~8.7ppm ORlicd bbhiz3 oD
7 FARRIEEECB A2 ) 2y Th Y, BHLERVELTIRETERLS LMD, —K
BEY 2=y algE LTRICY/EEL TV 5 L HEI I,

G-MA-1.58XVG-MA-2.0 coWTH L L FEBRBL -,

SEORMY D= R 7 MULOBE, BEPMOERCE/ 2ATAE = AFADEEY
HET 50, 2070 + vOoEKLL S, H-2~5 H-6, H-M & X O H-M’' &4 D
In—-707a b vOBREYEH L, L, Tt v I1IBGORELELBE—D I 0
BEELRVD, BEE (H-2~4+H-2~5)/4 % 1BL LTHELL, chboEY
Table 2 wi”$. %7, H-6, H-2~4, H-M & X O H-M o E D E k% Fig. 6 w7,
Fig. 6 X b, &K~v 1 vBOELHEBEMILEE O T T ABEOB ML, H-6

Table 2 Each proton of esterified glucose.

Sample H-2~5 H-6 H-6 H-2'~4 H-M H-M’
G-MA-1.0 3.6 0.4 0.4 0.4 0.6 0.6
G-MA-1.5 3.1 0.9 1.3 0.9 2.1 2.6
G-MA-2.0 3.2 1.0 1.4 0.8 2.3 3.5

4.0 4.0 L
3.5F 3.5
3.0f 3.0f H-M
§ 25bp Total(H-2*,3",4°,6°) g 25 L
2 g
g |
S 20F S 2.0 H-M
: <
E 1.5 = 1.5
H-6*
1.0 F 1.0k
H-27,3',4*
0.5pF 0.5}
0 1 ol 1 O ] ] 'l
1.0/1 1.5/1 2.0/1 1.0/1 1.5/1 2.0/1
Molar ratio of MA/Glc Molar ratio of MA/Glc

Fig. 6 Relationship of molar ratio of MA/Glc and degree of esterification.
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DO7w b VEPH-2~L DEh ERSELH B X EESTWB, #-T, C-6MI=2F 1
BAELTVWABEENRVBVEREYR LI, 2oz i3, S2FKBEL Y 8 1 KkBED
FEENICERPELZ L ERLTEY, ChETHEIRTWE7va~2DT v ALK
B L —F3 5, ¥k, G-MA-1.0 Ti2H-M & H-M' 0fERRIEE L WER B, &
DZER, BEAEDZATFANRE/ 2ATABEY L TWHLEHESINS, —F, Bk~
VAVBOEALEEMNERB LK, H-M o H-M ¥ B2 X5 wiks, T h
X, —WMO<VvA VBRIV 2 - ARDOMOKBEL D= AT ABEY L s lcicb i EL DR
5, Linl, &L LTRWThoRBNY L £/ =257 A BRATSE LD TWDE &2
L TH 5B,

4. #& L]

BEDZ &b, MGAEBELr —ARZEFTEEAr—REwV S VBREDERIZ=RT
NMEETHLDLELLRD, ¥, Va2 —RAD< LA VBZAFTALB I A a—2DC-6H
CEEOC = AT ARBENERLTCHBIENLHELT, ¥tAr—2D<Vv A, VB=ATL
EBNTH S22 - 2BRED C-6 MIcEENKEETHLELLLS, BRTFTIXRE/ =2
FABRNRKEGZ LD DM, BRTRIEBETT AR OohTI= 27 A BB IR TN &
EZzbh3,

LaLisdis, MGABRIIS7 ) ) vokacBET2MARB6h T ikvoTs
BOBETH 5,

L B

FPRETO D), BRRE R - bR EIRERRBER TR RO LEE
—8t, ARRROBARARCHELERTHIRETH S, T AREO—ITILimEIKE
ABERAERRBICL > TiITbhicDTHh, HeTHBLERTHIRETH 5,

X 3
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Summary

Cellulose and glucose were acylated with a maleic anhydride-glycerine mixture (MG mix-
ture) and maleic anhydride to clarify the bond structure between cellulose and dicarboxylic
acid. The result of IR spectrum for MG treated cellulose (MG cellulose) showed absorption
bands due to the ester carboxyl group at 1740 cm™ and originated from the olefinic bond of the
maleoyl group at 1640 cm~! (Fig. 1) The results suggest that the ester bond between cellulose
and maleic acid was formed by the MG treatment. The treatment of cellulose with maleic
anhydride also produced the same result (Fig. 2).

The saponification value and the ester content of the acylated cellulose increased by exten-
ding the reaction time and raising the reaction temperature. In contrast to these results, the
acid value and the monoester content for the acylated cellulose decreased under the same con-
ditions (Table1). This suggests that the monoester bond between cellulose and maleic acid
was evidently proceeded to a diester bond with an increase in temperature over time.

By acylation of glucose with maleic anhydride, using molar ratio 1.0, 1.5 and 2.0, the IR
spectra of the acylated glucose indicated absorption bands caused by the ester carbonyl group
at 1740 cm™! and arose from olefinic bond at 1640 cm~! (Fig.4). These results were similar to
those of MG cellulose and maleoylated cellulose. The acylated glucose was analysed by NMR
spectroscopy to elicidate the linked position between glucose and maleoyl group. It was
apparent that the C-6 position of glucose was preferentially esterified with maleic anhydride
rather than the other positions of glucose such as C-2, C-3 and C-4 (Table 2 and Fig. 6).

Finally, these findings suggest that the ester bond between the cellulose and maleoyl groups
after MG treatment formed predominantly at the carbinol group of cellulose as a monoester
bond during exposure to low temperature, and then monoester bond proceeded to form a dies-
ter bond as the temperature was raised.



