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Abstract

The crystal structure of cellulose triacetate (TAC) I was studied by x-ray analysis
by reference to the result of the crystal structures of cellulose and tetra-O-acetyl gluco-
pyranosyl bromide and of polarized infrared spectra of TAC I. The reliability index of
the obtained structure was 0.116. In the structure, methyl groups came in contact with
adjacent carbonyl groups on neighbouring chain molecules at the van der Waals radii.
The molecules formed a sheet like structure in (101) plane as in cellulose by the van
der Waals atractive forces. The figure of TAC I was similar to that of cellulose II,
however, an arrengement of chains in the sheet structure for TAC I was rather similar
to that for cellulose I. The similar arrangement for TAC I and cellulose I might be
related to the close relationship in transfer reactions between them. And weak bonds
between the sheet explained experimental results in which recrystalization and decry-
stalization of TAC I was easily obtained.
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LTna &2 A0bHE%T %5 &, Dulmage OIRHL 7D THOMLAE Y 2CE § o ffiEs
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OF e Il FHB LTV B L B0, SKTFTFHRTHBEOFEEYE LT 5 L Bbhb, -
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i O BRI (210) M &~ T 5 Z Lig EhRDTe, Pately § = b v s x UHIEK D T A
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2545, NL¥LTEE, AVHEEEMIE BiEEE & L C, SGEEREE 0432 N) i bie B RE—F
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Fig. 1. Geometry of reflection in Laue camera and cylindical camera.
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Kb, YA MVHATOHEEQRXNbERFREKD, KT @) RD Bragg oA L b HR
W () 2l L, —77, BR573mm OWRY 4 €2~ %2 FOHEE, KT 1
NVTERETHLEPSOE S % mm B THALKMEL L0 EE T 55/ (0) 52 5,

i 2 5 (Fig. 1-A £I8)

tan 20 = —— (1)
20 m¥FrHE (°)
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L1: H+ey MEaH GUE»AL 7 40 a FTO A
Lo 74 s Lo X BE S BT TOMEE
EAa Ry x5 (Fig. 1-C £I7)

_ R
tan 20 = 17 (2)
20 [alyrfg (°)
L2: 74 s EFEGE DT E TOMAE
R: Hx F2f1% (14.85 mm)
Bragg o3

S

zi= 2sin 0 o
d: Tk (A) u

Ao i X R (CuKa=15418 A)

0: 757#
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Fig. 213 TACI o Ffih x 7 (REE) K L5 X
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TR TAC IT i~ IEH A 7e &, Rk 6
i, 1 cEse 2 8, 2 %5 M, 3w2M, 4k 1ofs
G 16 (2GR X B, ARl oW Tk, Sprague
HOFEED LIigigR Uch B2, Hess S DTI A, Fig. 2. X-ray photograph of TAC I
(7.72 A) TR EALET T o0 [ I A I 128 S 9 JesmRRcidnan Mt M
HESUI B OB CHEPE L B, —J, THHT
BIe oW Tk 2% E 4 RDIEDC 3 RDIT L BT
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Fig. 3. X-ray photograph and its schemeric diagram Fig. 4. 0-th Weissenberg photograph of
of TAC I by inclination method with Laue fibrous TAC 1. It was taken
camera. The photograph was taken in order while the fiber was rotated on
to confim that there was the third meridio- the axis been perpendicular to

nal reflection. the flber axis.
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Wil 3, Sprague bk Zhvg Iy EFEFRL, FAMTFHELC5, UL, FHEHIHE
Rk GROTHAMTENRE LM RIESY S 2 5\ 44, Thbh, R ARX et
(030) 75 F s HERNT 2 R VIEFEC XD, ThRATFRETEBTROL I &R L,
Fig. 3-A i o »FH T, Fig. 3-Blik o hux E LD Th 5, 3 (k0)%‘4%:5?]%‘:!41\]“’? (Fig. 3
BTHE) KgEET5 L, FrREmesicl T wuﬁﬂJV ZOTERDHEL TS, b L, EoT4HH
:F'?JJ%T‘Z%Z;& B, FS R Ll o0 FEBEEE L CH 2 bR T TH B, :@{uﬂmw 4 &
LNV B (Fig. 4) 1w B\WTh, &0 3 RBB O FIBE TF5 A O S BT B,

Table 1 12 TACI D Vih X SH IO T A4 ¥ o _TH 25 GREFE) BN L% T
P 5 DT I & FE R o SCHRAE & LI L TR LI D TH B,

Table 1. Interplaner spacing values and relative intensity of X-ray
diffractions for TAC I by the photographic method. The
observed data were compared with the data in literatures.

This Paper Hess, Trogus Sprague
o dB) o
LC. { W.C. Intensity | No. d(A) Intensity | No. d(A) Intensity
Equator 11.35 — v.s. Ap 11.5 v.s. E; 11.58 V.S,
Ay 7.72 m.s.
6.19 6.14 W Ay 6.09 m.s.
5.58 5.58 v.Ss. Aj 5.42 V.W. E, 5.50 s .
4.36 4.36 3 Ay 4.81 m.s. DR 4.35 m.
3.94 3.94 w. As 3.95 S . Ey 3.98 W
3.34 3.34 w. Es 3.36 w.
Eg 2.73 w.
1st layer line 7.73 7.68 w. T 7.73 w.
Ty 5.27 s .
4.99 4.96 m. Ta 4.99 m.
2nd layer line i‘ 5.23 5.26 s . 1e 5.18 m. s. o 5.31 s.
| 475 | 47 w. M, 475 w.
3.99 3.97 w. Iy 3.99 s .
3.64 3.65 w. 13 3.65 m.
3.13 3.12 Ww. 104 3.14 w.
3rd layer line 3.32 3.36 V.S, iy 3.42 V.5, g 3.50 V.S,
3.03 3.03 m. T, 3.03 w.
2.90 2.90 w. iy 2.90 w.
2.61 2.61 w. Tily 2.63 w.
4th layer line 2. 2.63 s . W, 2.60 w. 1V, 2.71 w.
2.58 m.
2.40 w.
5th layer line “ 2.08 m.
1.97 m.
6th layer line 1.74 m.
1.68 w.

v.s.=very strong, m.s.=moderately strong, s.=strong, m.=medium, w.=weak,
vaw.=very werk, L.C.=Laue Camera, W.C.=Woeissenberg Camera
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3.2 F4I73 b—XI—-RHEEICLD TACI OFBEREIVFFRTSOEH
Fig. 51&74 75 % b x —2 =R X5 TACI OFEHR L FFHEERRTH 5,
Table 213, “hHEHRRMNSEM L AL THORMBL RO BB L & LICRLE, ¥,
BRE LA Sprague HORE L BLW—FKw B,

T
v
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H
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AYGLE 28,  DEGREES
Fig. 5. X-ray diffractograms of TAC I by the reflection method.
(A): Meridional diffractograms
(B): Equatorial diffractograms
Table 2. Interplaner spacing values and relative intensity of

equatorial diffractions for TAC I by the reflection
method with a diffractometer.

Equator
This paper Hess, Trogus Sprague
d(A) Intensity** No. d(A) Intensity No. d(A) Intensity
11.56 75 Ay 11.5 v.S. E, 11.58 v.S.
Ay 7.72 m.s.
6.07 5 Ay 6.09 m.s.
5.57 100 Az 5.42 vV.W. E, 5.50 S .
4.37 35 Ay 4.31 m.s. E; 4.35 m.
3.97 10 As 3.95 S. E, 3.98 w.
3.36 9 Es 3.36 w.
Es 2.73 w.
v.s.=very strong, m.s.= moderately strong, s.=strong, w.= weak, v.w.= very weak

*#*  corrected intensity

Fig. 6 AU F1 754 hx— 2~ X % TACL 0 FHFHETHBR th B, TF
BTN XD L, BEREFEREI X SERS IV VA XV EETHHERA IR L5 ,3
WOFFHETFEHERGEOMOCTFEE TACT Tk 180) & LTz ha, £hei, TFHTS
ELTHMIRD DRBEEADOLOETBESRTWA, Lich-T, TACI X2 @54

*OFRRERR X E sy v g 2 G PFER B oMM 2 TPITCRE L, RaET X HERREY B
R L,
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FoTwh o EBNWbmEle o, SHEAM, EHOEEL05A Thot, Celll I D
RN 103A THBCLaEL AL L, ThOORMEREFEREREY L > TS, T
b, TACI O FRBEIBENTACHT M ELLBECeLe —2ADBRBELHED
bbb D LfEE SRS, KBk~ 5 X 512 TACI o#EiHd 21045 A TtH v E
Uz &2, Table 3 13 %EM 2 itz TACT & T E b THEIC X Y IRE LR TACI
DR FER RO SCE & LI L GRLES D TH B,

\ 1%

|

le—  fiber period/ 2 —>]

€3, C5

» (8
X € 01

fiber period
TAC 1 =10.50 A, €=21°13"
TAC 11=10.45 A, £=21°55"

Fig. 6. Projection on the X-Z plane (A) X-Y plane (B) and Y-Z plane (C)
of glucose residue unit showed its coordinates at Table 4.

Table 3. Cell constants of cellulose TAC 1

Sprague This studay Sprague This studay
Monoclinic | Monodlinic Monocliine | Monoclinic
a (A) 22.6 12.44 No. of CB Unit 4 2
b (fiber axis) 10.5 10.50 d, {g/ce) 1.39 1.322
¢ 11.8 13.42 dy (g/ec) — 1.27
8 79° 55.35° Space group — P2;

3.3 TAC 03 FHEmEE

TNAET - ABOBEIE OV, WEETR, e a2 p-rva—2A, Zh
b OFEEDOEBEWRICL - TESHEIRTVBY, LT hie X% &, Sachse-Mohr |
FUARMD I VA - ZABNEAR L 75Tk b, C-C A E 1.53~1.56 A, C-O At 1.40~
143 A, FRICHHEA D 104~105° O EPEE A OEMIc 55, DX 57 sl a— A8,
BrHEvsunFY ohORERTFLIEYBERTFCTEENZ CELNREIBREEEL V-, 2V
O — AR FHEOBECODCTH XBEFSa 7 42—y g VBT S TEHELOWMEECL IR
RERTOEHRE, @ LT b o 21k, Cl, C4 fLOKEEIEN T v AR f-rva—2%
LB 7nay REE S BHROBREY oo L &, TOH TR R bl (@R
—FHLTHB T THD, Fih, LAL /A ay FEALRBRBEOHASAILIENHEAE T
WEWABEERXY LTS DS, a-ko £ —2A0 B ro i — 28, xF0-D-w
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FESUER®, oAz 7io—20 Lo —2N LX)t —ANFH T EF—
N2 D BRI X 2 RS REATRS R T, MRS S AL T 115°% 116.7°, 117.6°% 119.1°,
114.6°% 117.9° L IEEMHEAEA L DK E Lo T 3,

TAC fFErhoEFE SV a— AFKE 2L, &8 THEHERRE I LT\ S EEN 4SS
Wil LORAA (MR LBEBBREMSEALYR) ¥ BCCEN 21T -7, —J, Nvd -1t
WEE 7 & FARED EEICH T ZRERHRE M OO HETTFDHMB LENHD, =2 Tk TAC
DEFMEEY, T hF-o0-FTRFL-aD-FAaAES ) oaTueL R (FehToEsra—
Z, LUF ABG LHEFRT %) Bifhfh O 0 TS MR f X OS5 dtE TAC T o Xkt kic &
HC=0%D0EES X h7eF VEORBLZIRE L, Tithb, C2,C3MD7 & F 5T
v a—ARSEESEE S L CEE, COMLTAOMRIEH» D, ik, 7 FAEhoffak,
SO TIL ABG DRSS BI#E(lE, C(Me)-C 154, C-01.43, C=01.18 A, £C(Me)-
C=0130°, £C(Me)-C-0110°, £0=C-0 120° % i\ 7z,

bEY) OENREEREMTHS, LT, ZoOBEEELIEAL LT TACT OnT7s b O bE
RN R 1T I8 570, Fig. 6 122 OHEHLEZT 5 PP Licb D TH 2,

Table 4. Coordinates of glucose residue unit employed
to analysis the structure of TAC

Atom x Yy 2z Atom x Y 2z

01 0.0 0.0 0.0 031 —2.9875 1.7608 4.6955
Cl 0.0 0.3679 1.3818 C4 0.0 —0.3679 4.2502
C2 —1.2550 —0.1982 2.0718 04 0.0 0.0 5.6320
02 —2.4293 0.3263 1.4467 C5 1.2646 0.1969 3.5768
C21 —3.2753 —0.6271 0.8924 C6 2.5196 —0.3692 4.2668
C22 —4.4964 0.0599 0.2534 06 3.6936 0.1552 3.6417
021 —3.0009 —1.7625 0.9596 C61 4.8952 —0.2876 4.1828
C3 —1.2550 0.1981 3.5599 C62 6.0784 0.3450 3.4270
03 —2.4203 —0.3275 4.2008 061 4.8910 —1.0344 5.0834
C32 —3.2599 0.6252 4.7663 05 1.2217 —0.2097 2.1857
C31 —4.4716 —0.0631 5.4216

3.4 TACI OHFESTICHSHE

Table 4 DFFHEEL O1, O4 B L THOWY) 5 TBIET, = filik TAC L LR F o il
LB L, O1-O4 RREREN 5.6320 A TH %15, Ml A =5.6320X2=11.2640 A & 7c% (X
BT &S, TACT M M 2 Mo EEE - T30 T, Fva—AR2#E: LI
B w ok — AN A WA A D < DR LB EE 2 ), Lal, © KN 1050 A
CBAO0TA I EE ., 15T, D 1050 A o @A B A R X 8B sy, e -
ZBBALI s\ T O1-04 [EEREAS 525 (=10.50/2) A Tl uE i bisvy, ChailiEs¥ 5k
Bz Fig. 6:(C) D X 3w/ va— A8k 2 e L <~y b LT (IO RRERVE
Liieh, COXUFOME L4 RNL D —|CRIES h, 21713 Liebh, ZDOIVIT—A
B2 X o CBRINhD TACT Bkt o € — 2R BIAHMT A L b LA L
%, Lhl, LAKELCWAHMBEHBOMEMLT Vo - AR KO Z DOBFEIEDO £HH T
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= eos—t [ BHERI2
5*6“1<MO®—AOD> (4)

5.25

—_ —~1{_ Y
”S<5&m

> = 21°13’

DAMEIRIZ X » THp D, ik Tabled TELXBNACEE T T o ABO TV — 2RO
WRER R LICE ¥ T2 fio $h b THHEIEA (6) LPEEL, 51, 01-04 HEEAHZ 2
CTHEAE R OR SRR T T ONY M A

' () & &BHZ LML, ORI Table 4
DEBEERSK, G~ X THLLRDHL W

B (X, Y, Z) £78%, ®w et — AHMI
BT BS 5120700 — 2R EXT

ro kot (Foba—2) B 2 EBHE O BRIC

X =(xcosd—ysing)-cose—=zsine (5)

Y = xsind+ycos¢ (6)

Z={xcos¢p—ysingd)sinet+zcose (7)

BHADTEBECRESL, XL, ¢, DMl

ELERFTD T MY A, KA AIEL

Fig. 7. Chain conformation of cellulose TAC 1. TB . EEE METS LR GCE B L
projection on the X-Y plane ° ’ N o .

ferd B, 7 e F OV T RIEE SR S s

glucose residue (trans configuration)

C-C: 154 A C-0: 1434 WEEZ Hivs AHEIERAL 6 =30 TH -
£C-C-C: 109°28' /C-0-C: 115.0° 7o ¢=30° 1K) Bk B ROME AL

bridge oxygen angle: 120°02/

acetyl group (from the conformation of ABG)
C-C:154A C-0:139A C=0:1174
£0-C-0:1200° £C-C=0: 130.0°
£C-C-0: 110.0° ZC-O-C: 115.0°

12002 TH B, ¢=30°% ¢=21°13 i} % &

Fig. 9. Chain conformation of cellulose
Fig. 8. Chain conformation of cellulose TAC 1. TAC L.

projection on the X-Z plane projection on the Y-Z plane
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WA FEEAMAABEL L5 ERD L 5D,

(1) TACTIWX#ktwe -2 (Celll) ORE—FtIZ X » THEBRH,

2) K&xewo—20 (101) MBI U CRRWBRLAMREE B T5/50 7 ) 7o - A%k
LUONw =Y —20LEHLY O XBRWEHR L D, TACT Of &I v o — A HEHEL
Licy— MRSy F ook T2 L FHEhS,

3) TACI-TACII ~DOEITMRMIEL %5 2 L {AHETH S,

4) =FNLEY (tetra-o-acetyl glucopyranosyl bromide) Bf&L D0 T7c b OV #5 ik
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@ o F GO T L BIFFAFEOREENE S,
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Table 5. Fy,—F. table of cellulose TAC I.
a=12.44 A 5=1050 A (fiber axis) c¢=1343 A §=55.35°

ok L] P Flae ok | FlAes | Fléae
1 0 1 750 945 3 0 1
0 1 100 35
0 0 1 0 1
L 3 0 3
1 0 0 0 4]
| 0 0
- | 90 110
10 1 50 | 10 2 0
0 0 2 1,000 1,000 0 2 0 360 360
2 0 3 0 4 0 340 320
350 1,230 -
10 3 0 6 0 200 150

FRERE YO TFRTHORABE & FHERENED B —F L M3 Fig. 10 R
L, ', TORORTER (HFEE X Table 6 iz TRl 2,

A ’
¥4 fiber axis : b=10.50 A \ /
{Perpendicular to this paper)

Fig. 10. The crystal structure of cellulose TAC I viewed along the & axis.

TACT 5 G 0L, D FEHMTAF AR I AN R = VEMTHREL DY » »FV D —
NVAFEEEBRL T05 2 & TH5 (Fig. 10 2R), ik TAC o= k& & LTEORE
BERENT L7 ABG i o E b —3 45, Fig. 11, 12 X ABG @ a-b [, b-c Hf##FO
HRBEARLIZLDOTHDE, OMTHALIO B X FLUELEINFZAVEDT » o FLY —
NAGEGEHSTHD, Fig. 131X TACT Of5dELX BB R LD THD, ZONTE
vm—2 LRERE, TACL T (10D HWy— PRBEEZ2HRL WS LE2bRhD, TACI K
W, ZOY— FOEREICT v L F T L ABREEGEPEFR L TR D, - NETRERSD
feus, Fig. 14, 153 %FhFi Cell I & Cell II O S HMEN AR LI D THD, “hb &
TACT HdiEE2IIE U TR D L EUS S EELSLRSD, Celll £ Il ik T, ThZnoOf
HEEAZRLCVW 200 THR IO Y— FASTFH, Thicy — FHIEET 5 KRMET
HbH, Lnl, TACI CRAEZEEOBIC Y- NRECETAXFNELEINVRZAVFEDT 7
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Table 6. Fractional coordinates of glucose residues and
acetylgroups of cellulose TAC I
corner chain (bottom) corner chain (top) center chain (bottom)| center chain (top)
x ; Y } z x’ ) y’ i 2! | x Y } z x! ! y’ j 2’
C1 0.0400] 0.1227] —0.0037| —0.0400 0.6227, 0.0037| 0.4543] 0.4803| 0.5197| 0.5457 0.9803, 0.4803
C2 | —0.0794] 0.1837| ~0.0054] 0.0794] 0.6839] 0.0054] 0.6007| 0.4191] 0.4455 0.3993| 0.9191] 0.5546
C3 | —0.1409| 0.3160] 0.0639] 0.1408 0.8160| —0.0639] 0.6209| 0.2870! 0.4923| 0.3791} 0.7870| 0.5077
C4 | —0.0400] 0.3773] 0.0037, 0.0400| 0.8773] —0.0037, 0.5457 0.2257| 0.4803] 0.4543| 0.7257| 0.5197
C5 0.0797| 0.3176, 0.0055 —0.0797| 0.8176| —0.0055| 0.3989| 0.2854! 0.5549| 0.6011| 0.7854] 0.4451
C6 0.1806] 0.3788| —0.0547| —0.1860| 0.87881 0.0547| 0.3236] 0.3242| 0.5428] 0.6764] 0.7242) 0.4572
C21 | —0.2051] 0.0792] —0.0229] 0.2051] 0.5792] 0.0229] 0.7616{ 0.5238] 0.3480] 0.2328| 1.0238 0.6520
C22 | —0.3079] 0.0225| 0.0480; 0.3709| 0.5251| —0.0480; 0.8363] 0.5779| 0.3719| 0.1637, 1.0805| 0.6281
C31|—0.3694| 0.4232] 0.1757] 0.3694 0.9323 —0.1757 0.8107| 0.1798] 0.4898| 0.1893| 0.6798 0.5102
C32| —0.4807 0.4313] 0.1619] 0.4807| 0.9813} —0.1619, 0.9568] 0.1217, 0.4056] 0.0433] 0.6217 0.4056
C6l 0.3899 0.3714] —0.1053} —0.3899| 0.8714| 0.1053] 0.1091} 0.2316] 0.6082| 0.8909 0.7316| 0.3918
Cce62 0.5037| 0.3042] —0.0979] —0.5037 0.8042] 0.0979 —0.0349] 0.2988| 0.6860| 1.0349] 0.7988| 0.3140
01 0.0971} 0.0 —0.0681] —0.0971] 0.50000 0.0681] 0.4355| 0.6030| 0.4761, 0.5645| 1.1030! 0.5239
02 | —0.1744] 0.1284) 0.0510{ 0.1744] 0.6284] —0.0510! 0.6718! 0.4746| 0.4564] 0.3282 0.9746/ 0.5436
03 | —0.2518] 0.3730] 0.0624] 0.2518] 0.8730] —0.0624] 0.7568| 0.2300{ 0.4233; 0.2432) 0.7300] 0.5767
05 0.1343] 0.1940| ~0.0614| —0.1343] 0.6940, 0.0614] 0.4490] 0.4090, 0.4317| 0.6510; 0.9090; 0.5683
06 0.2918) 0.3233] —0.0531} —0.2918 0.8233] 0.0531} 0.1873] 0.2797; 0.6122 0.8127| 0.7797 0.3878
021 —0.1543| 0.0852] —0.1232] 0.1543| 0.5852{ 0.1232| 0.7840; 0.5178 0.2570 0.2160| 1.0178] 0.7430
031 —0.3721] 0.4169, 0.2632| 0.3721] 0.9169| —0.2632| 0.7452 0.1861| 0.5945| 0.2548] 0.6861] 0.4055
061 0.3776, 0.4513] —0.1463 —0.3776| 0.9513| 0.1463] 0.1562| 0.1517 0.5510{ 0.8438| 0.6517, 0.4490
unit cell @=1244 A 5=1050 A (fiber axis) ¢=13.43 A §=5535°
J H
<o
O [
a
! P
| ' .
| : i
5 W . AN HE
a ! v ! I ! ;
i (A AL
— o A ' 0
. 5 ' :
Oer
@ c [ —
o o 2A
Fig. 11. The structure viewed along the ¢ axis.
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Fig. 12. The structure along the a axis.
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X The sheets of chains
o)
e fiber axis : b=10.50 A
R=55.35° (gerpendicular ta this paper)

a=12.44 A

Fig. 13. Sheets structure of cellulose TAC I.

N/ iy AN

D% S s L
X
Pt 2\
/J=84“ Nz "
o -—j-b a=8.35 A
> < ' X
Fiber axis\ b=10.3 \(z \
< (perpend¥ulapto thig paper) 3
< :

The sheets of chains

Fig. 14. The unit cell of cellulose I.
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fiber akis
endicular to )
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The sheets of chains o

Fig. 15. The unit cell of cellulose II.

this paper
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