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R bt , A= AR AE SF I SF AR 2R R _EREATR T RI& BT AE:

L. BAFZE Y 0 bk 7K U W 2 PR SR B R T,

2. G &7 e 3R B i — R AV B A B3 1 %, AR HEA R AR 5 K,
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5 F R[S BB B R AR B o 10 B TR, AT RINA B 47 4 SR LA RAL,
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EEIME , H— S R UREA T AL e, H iR H B RN S 25K,
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(1) EERHESEE". RAKFFEISHETA Corey Tl Gray™ B FE:, KekpHF
B sulifel “PRUEL 4R (“Standard Cellulose™) F LA 0.1 N WHE B4 (AR ) BT
20°C Ab3R 18 /NI, SABSEAVEZE pH 1.5; SkDAZEIR/KBHEE R, (R T8,

(2) /KIREHEFRD: ¥ BREA “IRESEFR” BT 2.5N HCl (AR ) BIK,
1:30, F 105°C 7Kg 30 £-&h, B, AZE B KEEZ vhid, B AREISEGRER, i+, =/ T
HEZETE

(3) “EEEAHFRM., bu KRR SRERTIRN, URMEEL, BARE
0.1N TRREEM(AR OB EHEA, WL 1:35, BKES, 19 ANEEIHH, 4 548
SRR, IR AR E R, RETER S R, T, BT,

(4) WEBELADT; CPRABEEULBELER =K, 75C BZ=TIR.

(5) BEéhEh-EiadER (BB /KSR EI S IR AEL B R) safl4 . # ki
HR TR APRUELT 4R 8 FHCA 500 ZEFH 0.05M Ce(NO;),  2NHNO; (AR &) ¥EHih,
pH = 1.4, FE5IR (20—25°C) TALIE 44 /~id, B, 7K¥E, LA 0.5% H,SO; (CP £%) Bk,
LA 0.1N HCI BEE, REKEZE N, (KIR TR,

(6) Umsthis AT R BIM/KMRE 4R B 5 38 _EaRAG/KARE 458, B A 300
ZFt 0.05M Ce(NO;), - 2NHNO; B, pH = 1.21, F 20—25°C [RIgk#ES, 4b3H 45
N, BEERELE,
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1. FESY WSl K B9
— R R SRR, 98| REF AR ELA T B o 257 PRI SR pH 09 1.0—15,
BEX 1075 X 107N, RATRI, MBI I G , 75 4k oK B 6P A TS S
WL RN 1 R L,

F1 REXEMS-KTICREMEM

15+ 6.1¢C 30 4+ 0.1°C 45 + 0.1°C

B H, & |lg[Ce**1x10*| By [, & |lg[Ce*IX10*| B [, & |lg [Ce*+]X 10
0.0 1.200 0.0 1.200 0.0 1.200
54.0 1.182 45.0 1.143 7.0 1.185
115.5 1.158 86.0 1.080 17.5 1.163
184.5 1.137 126.0 1.033 48.0 1.090
232.0 1.116 161.0 0.974 76.5 1.046
298.0 1.096 204.0 0.916 103.0 0.982
242.0 0.859 141.0 0.886
290.0 0.793 184.5 0.806
203.0 0.759

VY pH 7 1.0 £ 0.05, RINZAERE MR CRETHEN R B X7, A HAEES
IR,
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F2 EXEGER-K TRV

pH # g, T k X 10° [Cet+]ox 10%*
" ¥% 1.0 30 3.46 2.00
x ¥ 1.5 30 0.0210 2.00

* [Ce*+lo o Bith IR HEDIRS WEE .
2. KRR R TR EERG BN E b
SLUEER MR 3, B3 BK 4, B4, FrAKBAEENTHR A Ehmitk(BpEsE
W& ))WFFH 176,
F3 KBAEFRESSTHKER PRSItz

12}
B | FET O o | k100 | K/IMI | K/IMe | K/ Mo | Kind/ Mo
1 0.6097 19.73 3.09 29.1 13.4 10.3 5.4
2 0.8083 17.00 6.30 44.7 22.4 9.65 12.6
3 0.9872 15.60 6.76 39.3 15.3 8.90 15.1
4 1.2522 10.85 9.20 42.2 20.0 8.40 13.8
7 1 38.8 17.8 9.31 11.7
* a0 BT R RIS T 1,
“IIMIo R RAERI R R,
3
E

700 200 500
i [, &
A3 KRB AERER Sk AR b A LA
BARER: MR 1(0)0.6097 3 Hizk2(2)0.80837% @£k 3(e)0.9872 3%
ek 4(a) 1.2522 8
R Rigfk: pH 1.540.1 30 +£0.1C
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T4 A ARG KA R L
®oow | FEE | K100 | R/ | K/TMIo | K/Mle

1 0.0056 28.2 2.12 26.3 19.6 6.7

2 0.0056 24.8 1.82 22.5 15.2 7.3

0.0084 18.7 2.98 28.1 22.0 6.1

oy o 25.6 18.9 6.7
5
2
»

310 700 0
i W, &

SR = S ok e A S AL AR

REzgets: pH 1.5 £0.1
30+ 0.1°C

&4
BOER: #1(0)0.0056 3
£k 2( @) 0.0056 3%
gk 3(0) 0.0084 5%

/3 RE 4o, [Cet]-r SERAPILK, YT ROE—E SBAEHAR R RN 8] [ @
A, R _EREX [Cett] B—BR RN, KRERBHRAEN:
_d[CC4+] ___= k'[CeH]
dt
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KB, KRR EEH B,

PP LRBREDT R RVUR R AT e i T EARMZE R R . SO IR RN [Ce] T
3%, MAXFIZKIRET e B AT R A RA L. A Sh T R 1T s B AR AR A 4 SR LA SR
TEAFHE—RNERABERALR, XARTE R SRR E e A g 4h
AR R EE Y, EhEs & RANHITR, RUIKBT SRR RN
SFHBESEZMERAS RN, Hit, G)RTENR:

‘L[Q;—:l = (K, + K + Ku) [Ce™]

b, ki ku Tk £BIFREEEEA I, 1A I ARV MR ¥,

(4)
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3. R IBATHERE R AT R e RNA R I R W S LR SR H Ry
1R 5 WM, il /KR 4 4 SR e 4 58 % , OB RV PR B k' WIEK T4
RIEORIAETE A FIREE, TE, TR R/KMEFEFRELRTENSE 1, 2 RNEREAMR

S IKBAERRLT TR GERERIREN RN K RCEERRM

R L2 #'ﬂ'ﬁﬁi [MIox10* K % 10° ky X 10 kX 10°

kREFgER1 0.6097 1.06 3.09 1.42 1.09
IR 2 0.8083 1.41 6.30 3.16 1.36
K pEEF A 3 0.9872 1.72 6.76 2.64 1.53
kRSP ESE 4 1.2522 2.18 9.20 4.36 1.83

FHERE L 0.0056 8.06x 10~ 0.212 0.158 0.0540
SRR 2 0.0056 8.06%X10~* 0.182 0.123 0.0588
SRS 3 0.0084 12.1x10-* 0.340 0.266 0.0738

T R A H Bk T kg WIE LT HERLBOOIRATE S F- IR BE L 6]
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ki/[M] = kn @

EE=RRIIROR SRR B (K ki F Kn) BT 3 8% 3 (K, kRl ko) 55
SR EUL AW RIIEE A TR BT, S B eHERHE XK, ZRIE 1,
2 RRIE A AHEE A TR EE (1], (1] & IE TR R BRI REE 2 TR B [M1, #%(6).(7)
Wiske A BIA (11, [I] $8%% (M1,

W_EFTR, B — BRI AW —E &1/ [M] 3% K/ [M] & E% B, o5
WHIRRCE AR 1 f 0 SRR R A WA TEES, DB, RITEER IE—Z i
EB, B AR ER T 0 L0 BRAT T 47 4 3% SRS R (b A B9 A BESE SR B 23R L,

T 5 KT LAE Y, KR L4580 ki/[M] ZEBER £/ [M) ZPEEH 515 55
RARRLEASREE, KB, XML A, B 1 RIE BT AR A—FERE, 4
%%, BHRE I sk, (S ENE, S4RTHRR, KBFEERET RN RS,
{ELR , EATARI B AR B A S RE S B B AR, KRB, /KR AT 4E SR EPBRER 1 1 I
B2 RBTHSARREN (R RB KR d58), R RS Sy 8H%, &
TR AR BRAK AR SF SR IR IR SR R IR B MY, R 3rse—SIEERRE 1 1 I
HASEAT T ok 3R
4. —BXFERERG LB R h AL RS

SLEER M 6 FIE 5, %nymwgﬁwﬁz:ﬁmw i 5 T4, “REEL A4 R

MR N AR T W Betd; 7B, RERSERRR,HE EILFAZE,

[CI—IO]o

WK ER R SR, RR B R R ERRHTT, (B TSNS S-SR = MR RxTR
ﬂlﬁ—— HETH g, B TR ER DR A RE" XN RGEE,
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6 RGBS KA R HEE
# 5 | FRER | oMy | k/MIe | Kg/IMJe | K/ICHOIG® | ki /[CHOIs | kiy/[CHOI,
1 0.0146 78.7 49.3 12.8 15.8 ‘ 9.9 2.57
2 0.0180 116 57.3 21.7 23.2 11.5 4.35
3 0.0106 135 79.7 29.9 27.0 16.0 6.00
4 0.0108 100 58.0 25.1 20.5 11.7 5.03
5 0.0158 98.2 55.8 29.0 19.7 11.2 5.81
B E 106 60.1 23.7 21.2 12.1 4.75
* [CHOJo o RE SRS L (2 7oRE B i ) WS
33
- 320
3,
S
™
~L
T 2
310 700 7T 306 3 ( — T
W, 2 W W, &
S RSESFARE S Stk vk i LR M6 RS A
BAEE: HZR1(2)0.018%  RE%#: PREE: M1 0.003030%  Ed:
B1£8 2(0) 0.0146 35 pH 1.5 4 0.1 B2 0.004545 % pH 1.5 4 0.1
%R 3(a) 0.0150 30 4 0.1°C 30 4 0.1%C
Hi4% 4( @) 0.0106
12k 5(0) 0.0158 3%
5. REHPRTE WSl 2L B A h A L ESE

SCINEER A 6 Bk 7, RUBEBHER ML HEAIN , XL 8B TS RE X
FEEEIT 100 520 E, BEHREM AT R 7 UBILE,

F T WEEESSHAKEE TR G

# B FREE L g K/IMo R | R/ IMa]
wOEE 1 0.003030 4.58 55.5
wHoEr 2 0.004545 5.52 44.5
B 27.9 0.049
z = 134 23

* MiERkE Mino WTE, [Mi] AT FWE.
@A Mino MTfE, M} BT EBTRATHRE,
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6. W PE R X7 WG S 2L B AR EL E
SRR RE 7, lglCetl-+ XRPEL, FHH &/[M] &R 0.825, RAZEVEEN
i k/[M] &F 50 #4 1/60, KT BEMILH, T/ LB STAAR (B 5124 0.049
B 23),
LEA _baRSCISFER, B R AN T HENRT.
L AEFTHRZRAIET, SHERESF —— .
BRI EEIR 2 B IR AER AL, WEPRANT:
HEERNRHEE PRI UG INEEL
HFRESFrOmEEIRTIERILIR A B B,
B 6 FIE 7 W EMATHZ &/ [M] E, %
BTN 60 1, BUILE 50 e
S B T AU TR AR L T BRI .
RO B SR AR LB R AR 9 R iR i, E7 AT R S A R M S
RMENEFEEETFHT RN #amd: 0.004863%  R&M: pH 1.5+0.1
ERCE AR, k8 TR, BE 30£0.1T
IKERET SR ki/[OHIo, ki/[FESREIR o, kun/[OHLo, A/ [FESETR o SRR 5
R4 AERLEERARZE 100 544, EPART ki, ko XBROHERAR R OH 2, R EIER
IR EAEAIEEEE, 18 &/ DUREEER o, An/ [0 3E3R 1o £ E N AR #IREE, SXIEPIS 4
KRESFHRERES KNI, AH, 1, 2 KNERBRAMTES FRREERE, X
FEHEH-SHE PR ERN AR —2,

1g [Ce*t]
™
~
&
T

K8 KBAKFERAR AR CHER BN E T E

" " k1 Al k1 ki1 ki1 ki
[OHIo* | [FesgEsr1o™ | [HeE3hlo [OHI, |[FEERIo| [3mEKlo
SFR_E(FEHHE) 2.70 9.45 18.9 0.96 3.35 6.70

KBRS e () 0.028 0.084 17.8 0.014 0.041 9.31

* [OHlo JyR &M OH BEATH, [0 = FEECE O XD

** RTINS T, (iRl = TEECD X 202

2. fEFTAR ARG T, FERES FRER LB RN EHHZ— & EEE(LEEH
R EACTI IR EIR 5 I A RS ) . {EBRANT:

ISR Ry R SmEEIR B A H RO AR B, W 4SRRI /KR - 4 SR A4 &1 5 BIBR DAARRT
HISREEIRIR B (FT ABE A FIRERNRE S FIRERT) IRt N —8, Fse b, Ak
TSR ER R HERERF A0 R/ [5REIR] 5510 18.9 F1 17.8), (HEEHA AR
B ki (3R k) FEBRAMRIME S F 724 F IR EITRMEHN 106 (K 6), XBMTAT kit
FRET SRR EIRARRI ., A REEE AT SR I Ko B DAMERL RO B REEE 4 TR B2, IPTAS
AUFER 12.1 (LR 6), JLERUKM S ER BRI ERRESE, WEB TR
ki BRBR,F BIE T BEHSCESEFES F LE&ES KN AERA,
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3. EFTARMAMET, FEXRESTHIER EE 5, 6 MBREFHRNZ —MBETE
SR NAMERRE, ERT,

HEWT 1. 41&&%7%2&%%%%&5:/\5&& ‘BHEHA, Wﬁﬂ#ﬁ%%*l’ﬁ‘#ﬁ&%ﬁ
BIbR A HBREESL, IVEREBREE R 5, 6-CBHAIL, XBEBT 5, 6-C M4
TC BB RN B HE L,

BESR 5, 6-L BRI AR SR REES, FHITIEmER kK 2, 3-CL BB TR
BB MLHRREER s RITARXETHO 8B T AE RRRZEEGR, T, KR
LoBBTTARARRNEERR Schwarz™ Bk,

4. EBFTHRBAMT, A 4R EA T hIEm R raoR 2 D8/ N s 88 f m 4hish SR
XA THEELET:

HWEHERRSTRRNBEERLERS 2, 3-1PRE (ZJ_.@#UE) e~k (BE
JE)ABF &/ [M] fEHIAREFER 1/60, SXERULE T A% 5 B8R H,2,3-2
TREEITHN 6- BB LA RLAT 5 L AR/ INEY , IREDFEIRE SRR B A KRR AR R
1&.

5. FEFTH R MIAET, FERIFRARM RN RE R/, B5E (BFE&KES T
R #% R P B R R )ERT AR, Bk, JRimERe KN A A B,

TR EFROEREAE D, kn/[M1 T kn/[M], 8L, 45158 11.7 f19.31 (B
R 3), ki RTEEEIEMHER LERAMNRIERE R, ZRIFTHKBITERLRE
RBRAKBET=H , SCBR R S KA kL, R AL T Ri46 A R ES FIEmBEIRA T ik
Bk, FTDAHERE, R TRA I SR AR R T Btk , B A F-IEum SR RA0 B R R 308 Bl W
K5%.

6. ATRBETMRAMATHREE HEHEPREEAIERD ZH RERBE
2L, M= EPES T, BEREESTEREMEMN, KHRIAB B RSN RHER,
16 SeIO B S B, A0 IR AY & fERG AR R 45, UESER R R A 8,

FIFEN RN, R T LB ENE, RAEMA TR, ERETE, RAENT
M R AAE B At B rp, AR A B M E SRS,

RATME T Z2ERBR R BT BRI A ERE, AR TR, THEARREN,
XMPLBA T EEFTARASE T, FERESFHPREBMAUE R HE, AT AEHRE

F9 HRALERICHEBENRTE/L

iy Wi BB | WRBENTRER
H B B pH L | &£ M, % =4 e
1. RESNHE % - 16 3.92 100
2. £0.05N & 7 20~
B, R LS 1.0 30 4.14 100
3. &£ 0.5N 5 20~
o i 0.32 33 3.37 86

* RN 5, 6L MMM N R BT SR kM Ry —E 2 XEEER. H A RE—ERBELY
Rz AR B, BB E A A9 B AR B B DT & K, R RAB R R 38,
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R5 AR , P B ROb B8 4 f R R Z AR/,
B _ESRHENT , T B A 4R B4 TR & A ER R ORISR A0 T

o H
\?/
H OH H*(‘I—OH
/C‘)H H H HO—C—H
Cell—0O H — ] %
—o0 H H—C—O—=Ccll
OH H—C—OH
H—(’:—OH
H
O
Ne .
! H—C—OH
H—C—OH
[ HO—C—H
romgT 1
Cet + H H—C—0—Ce N .
HeeC—0—Cell =t *HOQ + HCOOH + H* + Cc
H—C—OH
H—C—OH
| H—C—OH
H—C—OH [
[ H
H
O
AN/
|
HO—C—H
— H—C—0—Cell 1, + Cebt ©
H—C—OH
H——(ll‘———OH
H

Smith FWHESTAERBMANRKNALT, WERERAL TSI GG, B FHE
PEWAE 12 RO F R, REHT 6 AT R RIVESLRD, KEAMNEIEZE 50k
WZA, MRS FREEIEE 114 X0 FREAE (N RN ARESEHR), EHik
RNR@)FI()RAMIFEN, BTEFESTRBELSEMELEN, BR— T8I F
MRS , e 23R 5 R R L2 p— 1 RTREEE,

B LSRR E P B H S R B TR /9 5, 6-Z BB TR &4 MR R -

o H
Ne/
C o) H o H
| Ne/ N/
H—C—OH [ |
| H—C—OH H—C—OH
HO—C—H |
Cett HO—C—H Cet+ HO—C—H " -
H—C—0—Cell ——— > | ., ] + H* + Ce
H—C—0—=Cell H—C—O—=Cell
H—C—OH ]
| H—C—OH -+ H* + Ce¥ + HCHO C
H—C—OH . A

H o (10)
H
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LBEE MR EN)E KL C—C BRI R, AR N EEEE Mino™ iEsei, (10)3
BLRZE Mino MRS MK, B ERE S TIHHEIR LAY 5, 6-Z BB TTR it
LI, C— C BT, RE— 707 BEE, TI1E 5 MRk T BAER— MR,

AE—BRAE B 5HE (8), (9) F1 (10) MISEIRIKYE , 3R o HEIHEE—TR T 474
RESFRBENTNRMLRES T, o HGHE—EOTRER L BETIR
MBS T8, mHR(B) ()10 B, W o T o, LT 2, £ 10 HE X
5 i E TR, TEIRTINEBH o 1 o, HSLEREEET 2,

FL o, flIEER

a1

2.48
2.34
2.53

Xk B g % R
TEESER
g ¥ = B

2.35
2.46

AT AR, a5 7R(8), (9)F1(10) BT, M/KMRLF 45K B AT B a MR 4E A 4 5R3E
B A , PUREIR_ERBEZCA PR (BN 5 Grek R+ L@ hn T B s R B R i
MR/, TTRESBEATE, R 11 FIRLBERABBIESLET XA,

1 FERZHELACRTER. RENTE

¥ £ &k & #

* S % 3
ERME/162 AR | BRLR/162 RAHER

1 5.71

*
RIR| R
N
oW

S

5.67

R

&
R

3 5.73

S
At r kBRI
BB EHR2
EXIACE R R
i B
BAGHESFERI] 0
B oA %R 2 0

0.05N

%
pH 1.2—1.4

7 ¥

SWEHEARETER 1

2.36

SR AR R 2

2.27

i ¥

2.32

TSRS R Sh ) 2 F ERE— 2P T K N R B AR,

1

=
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MOKBRET- 6 | EF SR 0 | R AP 4 3R AT 0 A M R S R B A WTE
B SR R e %, AR T EASE S THEHBANERY T ERWENDHF
HRRE: )

_@[_C‘_;:ﬂ_ = (kl[I]a + 1(11[11]0 + I{m[m]o oo J[Cet*]
Hp, [Tlo, [ F0 [IX]o B9 EF4ESEREE 1, 2 70 3 'HREHIAOAILAREE.  krs ku T ke
ABNAET R RR AT ¥,

T EAEEIAE A Yy b AR R E B F SR B3R Befxd bb, B T AR BIE B . ki, ku 751
HES TR EAVEREIR 5, 6- L BB TR R, TERESHEEST
WA =ANEACR B,

HERESFLESMHEAN, G MEBERS, - L BMETAHE N BB
F, RREAKEIRE, EEE-TMESHETN, TUERFREAY—ESFat
2, HHEEMTHREEIRNE 2 SR 5 BETF Lk,

PR TrERER B, AR NEREEE SN, BaTEERS, HERN#E
BREBY. BERNEARAMERI TR E,

B[RRI R YRR AR OZME, B 20T 5B B R & TR AEk-

IREEEAIRY,

8 E® xXx W
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STUDIES ON THE CHEMICAL MODIFICATION OF CELLULOSE

XV. MECHANISM OF CELLULOSE OXIDATION AND REACTION SITES
ON THE CELLULOSE MACROMOLECULAR CHAIN IN THE
Ce**~H,0-CELLULOSE SYSTEM

SUN Tong, CHANG An-Cawou, JIN Jyu-Hua, HUANG Su-Cun

anp TSIEN Pao-Caun
(Research Laboratory of Fiber Science, East China Institute of Textile Technology)

AsgsTrRACT

In relation to the graft copolymerization of cellulose using Ce*t as catalyst, the me-
chanism of cellulose oxidation and the reaction sites on the cellulose macromolecular
chain in Ce*r-H,O-cellulose system were studied.

From the experimental data concerning the rate of reduction of Ce*t to Ce*t in
aqueous solution, the photosensitive character of this system has been confirmed.

From the rates of oxidation of cellulose and its related model compounds, such as
hydrocellulose, cellobiose, dialdehydecellulose, glucose and methylglucoside, as determined
in ceric salt solution, the kinetics of cellulose oxidation may be represented by the fol-
lowing equation:

~ ij?ﬂ = (&ilTo + kulTT]y + k[T ], + - - -)[Cet]

where [1]o, [II], and [III], are the initial concentrations of the functional groups of
type I, II and III, and k;, ky and Ay are their reaction rate constants respectively.

By determining and comparing the rate constants of the same type but of different
cellulose model compounds, it was found that the values of & for the same functional
group are approximately equal irrespective of the model compounds to which the particular
type of functional group is attached. It was also confirmed that there are at least three
oxidation sites on a cellulose macromolecular chain. The sites of greater and medium
reactivity are the aldehyde group and 5,6-glycol unit of the terminal anhydroglucose unit
respectively. ‘The least reactive site is the hydroxyl groups attached to the third position
of the rest of anhydroglucose rings. Though the value of ki is very small, nevertheless,
the reaction of third position should not be neglected for the number of such hydroxyl
groups is great.

When cellulose is oxidized by ceric salt, it was found that one mole of terminal
aldehyde group or 5,6-glycol unit consumes two moles of ceric salt and was finally con-
verted into new aldehyde group. Cellulose free radical formed as an intermediate pro-
duct initiates the graft copolymerization. Hence, it may be assumed that the copolymer
of cellulose obtained by Ce*t initiation is possibly a graft-block complex copolymer.





