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Abstract

The crystal structure of cellulose triacetate (TAC) II was studied by x-ray analysis
with a chain conformation of “Bent and Twisted” type.

A super lattice having dimensions of a=21.76 A, b=1045 A (fiber axis), c=2158 A,
a=7=90° B=76.55" and a sub-cell having dimensions of a=10.88 A, b=10.45 A, ¢=10.79 A,
a=7=90° B=7655° were employed to harmonize a plane lattice structure and experi-
mental data of TAC II. All equatorial diffractions of TAC II were explained by the
sub-cell.

In the obtained structures, methyl groups came in contact with the adjacent carbonyl
groups on neighbouring chain at van der Waals radii in the sheet structure, while the
contacts in TAC I were on the surface of the sheet structure.

Molecular chains of TAC II protruded from the surface of the sheet structure, and
were in gear with them in the next sheets. This structure appears to explain that the
recrystalization of TAC II was difficult and after the recrystalization the decrysralization
there of was also difficult.
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Fig. 1. X-ray photograph of TAC II
by perpendicular method with
Laue camera.

Fig. 2. X-ray photograph and its schemeric
diagram of TAC II by inclination
method with Laue camera. The
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photograph was taken in order to
confirm that there was the third
meridional reflection or not.
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0-th Weissenberg photograph of
fibrous TAC II. It was taken
while the fiber was rotated on
the axis been perpendicular to
the fiber axis. ‘ ‘
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Fig. 4. X-ray photograph and its she-

mertic diagram of fibrous TAC
IT with cylindical camera. The
TAC 1I was Arnel (DS=2.84)
stretched to 133% in long at
230°C and treated with super-
heated water under fixed length
for 2 hr at 170°C diffractions of
higher order in left side from
a dotted line in the figure were
not found until this paser.
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Table 1.
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Interplaner spacing values and relative intensity of X-ray

diffractions for TAC Il by the photographic method

The observed data were compared with the data in literatures

Equator
This paper Dulmage Sprague
d (A) . d (A)
Miller k No. d(A) Intersit
C.C. W.C. L.C. Indlexes | calculated i observed : y
(100) 245 5
(200) 12.25 12.3
10.58 10.79 10.53 (110) 10.46 105 By 10.55 v.s
8.35 8.46 8.47 (210) 8.41 85 E, 8.46 v.s
6.60 6.69 6.60 (310) 6.67 6.7 Es 6.82 v.s
(400) 6.12 6.1
5.75 (020) 5.78 5.76
5.54 (410) 5.41 .
5.34 5.41 5.34 Ey 5.31 v.s
5.28 (220) 5.23
470 472 475 (320) 472 477 25 4.80 m.s.
4.32%
4.11 4.13 4.19 (600) 4.08 4.08 Eg 4.16 m. s
3.97 E; 3.87 S .
3.80 (130) 3.81
3.97 3.74 3.78 Eg 3.79 S .
3.70 (520) 3.74
3.50 Ky 3.52 V.W.
3.34 3.37 3.36 Ko 3.39 w.
. .05
EIZ 2.27 V.W.
V.s.=very strong m. s.= moderately strong s.=strong w.=weak
v.w.=very weak
L.C.=Laue Camera W.C.=Weissenberg Camera
C.C.=Cylindical Camera (fiber axis of sample Laxis of cylindical film)
* npew diffractions fined by this paper
1st layer line
This paper Dulmage Sprague
4 (A) Miller 4 (4) N /(A) Intensit
C.C. W.C. L.C. Indexes | calculated | observed 0 @ ntensity
9.61 (101) 9.65 9.61 T 9.46 w.
7.45 7.52 7.50 (111) 7.38 7.37 Ty 7.35 m.
6.45 6.52 6.58 (211) 6.55 6.56 I3 6.54 m.
5.15 (311) 5.52 5.58 Ty 5.11 S .
4.95 4.98 4.97 Is 4.85 S .
4.25 4.36 4,24 Ts 4.18 m.
4.02 3.94 3.91 (421) 3.90 3.90 Iq 3.95 w.
(031) 3.61 . i
3.67 3.63 3.60 (131) 358 3.61 Tsg 3.66 m.
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This paper Dulmage Sprague
4 (A) Miller 4 (@A) ,
C.C. w.C. L.C. Indexes | calculated | observed No. d (A) Intersily
3.36 3.32 3.28 (331) 3.31 3.32 To 3.32 m.
3.00% 2.90* 2.91%
2.70%
2.23%
2.11%
2.01*
v.s.=very strong m.s.=moderately strong s.=strong w.=weak
v.w.=very weak
L.C.=Laue Camera W.C.=Weissenberg Camera
C.C.=Cylindical Camera (fiber axis of sample L axis of cylindical film)
* pew diffractions fined by this paper
2nd layer line
This paper Dulmage Sprague
e dlA) Miller d(A) N .
C.C Ww.C. L.C. Indexes | calculated | observed 0 d(A) Intensity
5.19 5.22 5.23 1o 5.24 m.
4.75 4.72 4.76 (012) 475 1L 4.75 S .
(112) 4.66 47
4.42 4.44 4.44 (212) 4.42 4.44 It 4.43 s .
3.98%
3.88 3.88 3.84 (022) 3.87 3.86 13 3.90 m.
3.56 3.69 (222) 3.69 3.71 10y 3.75 m.
3.45 3.44 3.48 (322) 3.50 3.48 irs 3.45 m.
3.31 3.29 (032) 3.30 497 1L 3.29 m.
315 (422) 3.27
3.06 3.07 bae) S04 3.04
2.71%*
2.26%
2.14%*
2.02%
1.87*
v.s=very strong m.s.=moderately strong s.=strong w.=weak

v.w.=very weak

L.C.=Laue Camera W.C.=Weissenberg Camera

C.C.=Cylindica] Camera (fiber axis of sample 1 axis of cylindical film)
* new diffractions fined by this paper
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3rd layer line

This paper Dulmage Sprague
d (A) . d (A)
Miller .
C.C. W.C. L.C. Indexes calculated | observed No. d(A) Intensity
3.49 3.45 3.45 T, 3.52 m.
(013) 3.33 Bl 3.32 s.
3.32 3.32 3.31 (113) 33] 3.31 1
3.23 (213) 3.21 3.21
3.08* 3.08* 3.08*
2.85% 2.94%
2.65% 2.77%

4th layer line

2.61 2.62 ) 2.66 w.

2.55 2.54

2.41%

226+ 2.34%

2.11% 2.14%

1.99%

1.77*%

1.69%

5th layer line

1.98*
1.90%

6th layer line

1.74% 1.75%

8th layer line

1.30% 1.29%

v.s.=very strong m.s.=moderately strong s.=strong w.=weak v.w.=very weak
L.C.=Laue Camera W.C.=Weissenberg Camera C.C.=Cylindical Camera
C.C.=Cylindical Camera (fiber axis of sample . axis of cylindical film)

* new diffractions fined by this paper
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Fig. 5. X-ray diffractograms of TAC II by the reflection method.
(A): Meridional diffractograms
(B): Equatorial diffractograms
Table 2. Interplaner spacing values and relative intensity of
equatorial diffractions for TAC II by the reflection
method with a diffractometer
Equator
This paper Dulmage Sprague
Miller d(A)
d (A) Intensisy™* Indexes calculated observed No. d(A) Intensity
(100) 245
(200) 12.25 12.3
10.48 100 (110) 10.46 10.5 E; 10.55 v.S§
8.48 102 (210) 8.41 8.5 E, 8.46 v.s
6.73 118 (310) 6.67 6.7 E; 6.82 v.s
(400) 6.12 6.1
(020) 5.78 5.76
5.4 (410) 5.41 )
70 5.34 E4 5.31 v.s
5.29 (220) 5.23
4.77 56 (320) 4.72 4.77 Es 4.80 m.s.
4.15 36 (600) 4.08 4.08 Eg 4.16 m.s.
E; 3.87 5.
3.80 70 (130) 3.81
3.78 Es 3.79 S .
(520) 3.74
Eq 3.52 V.W.
3.36 20 Em 3.39 W.
Eu 2.69 V.W.
Ei2 2.27 V.W.
v.s.=very strong m.s.=moderately strong s.=strong w=weak

v.w.=very weak

*#*  corrected intensity
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Table 3. Cell constants of cellulose TAC II

Sprague Dulmage This Studay*
Monoclinic Orthorhombic Monoclinic
a (A) 25.8 245 10.88
b (fiber axis) 105 10.43 10.45
c 11.45 11.56 10.79
8 66.4° — 76.55°
No. of CB Unit 4 4 2
d. (g/cc) 1.348 1.295 1.566
dy (g/ce) 1.315 1.29 1.28~1.29
Space group — P2,2,2; P2,

* This cell is a“sub-cell”.

Super lattice parameters are following
a=21.76 A
b=10.45 A
¢c=21.58 A
8=176.55°
Number of cellobiose-unit: 8
Space group: P2 {fiber axis: &)

Table 4. A conformation of a molecular chain of TAC II.
=215/, ¢=30°

Atom x y 2z x’ y' 2
01 1.0512 0.0 0.0 1.0512 0.0 5.2250
C1 0.3647 0.3186 1.2819 —0.3647 —0.3186 6.5069
C2 | —0.6385 | —0.7991 1.9220 | 0.6385 0.7991 3 7.1470
02 | —1.5920 —0.9321 1.3421 1.5920 0.9321 6.5671
C21 —1.6223 —2.1808 0.8279 1.6223 2.1808 6.0529
C22 —2.6836 | —2.1963 0.2351 2.6836 2.1963 5.4601
022 —0.9003 —3.0268 0.8902 0.9003 3.0258 6.1152
C3 —1.3779 —0.4559 3.3025 1.3779 | 0.4559 8.5275
03 —2.3095 | —1.4938 | 3.8971 2.3095 1.4938 9.1221
C31 —3.6371 —1.0886 4.4217 3.6371 1.0886 9.6467
C32 —4.5358 —2.2904 5.0296 4.5358 2.2904 10.2546
031 —3.9185 0.0311 4.3560 3.9185 —0.0311 9.5810
C4 | —0.3647 —0.3186 3.9429 0.3647 0.3186 9.1679
04 ~10512 00 52250 | 10512 | 00 10.4500
Ch 0.6405 0.8028 3.3182 —0.6405 —0.8028 8.5432
C6 1.6539 | 0.9401 3.9583 —1.6539 j —0.9401 9.1833
06 2.5874 1.9814 3.3534 —2.5874 "’ —1.9814 8.5784
C61 ; 3.5559 2.1985 3.8804 —3.5559 —2.1985 9.1054
C62 1 4.4952 3.3380 3.1792 | —4.4952 —3.3380 8.4042
061 3.5628 1.5497 4.7159 —3.5628 —1.5497 9.9409
05 1.3141 0.4293 2.0277 —1.3141 —0.4293 z 7.2528
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Fig. 6. Schematic drawings of the crystal structure of cellulose
TAC II viewed along the b axis.
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