
APPENDIX I 

DIALYSIS OF COLLOIDAL PARTICLES 

The tubing used for d i a l y s i s was of the type Gallenkamp DL/620 

with an average pore diameter of 4.8 nm. The tubing al lows low molecular 

weight compounds in the aqueous so lu t ion to d i f fuse w h i l s t preventing the 

passage of higher molecular weight mater ia l . 

Before use , the tubing was conditioned according to the fo l lowing 

procedure recommended by the manufacturers. 

( i ) B o i l i n g in 0.5 per cent acet ic ac id for 30 min. 

( i i ) Washing thoroughly in tap water and then in d i s t i l l e d water. 

( i i i ) B o i l i n g in 0.5 per cent sodium carbonate so lu t ion for 30 min. 

( i v ) Washing thoroughly in d i s t i l l e d water. 

(v) Storage in a r e f r i g e r a t o r , in d i s t i l l e d water. 

One of the open ends of the tubing was f i r s t c losed by ty ing 

the end into a knot. Af ter t ransfer r ing the c o l l o i d a l suspension of 

c e l l u l o s e p a r t i c l e s the other end was sealed in a s i m i l a r manner. The 

tubes were suspended in a tank of d i s t i l l e d water which was constant ly 

replenished by a d i s t i l l e d water s t i l l . The syphoned outflow of water 

was control led to maintain a regular water-level in the tank. A mechani­

cal s t i r r i r continuously agi ta ted the water in the tank. A l l the equip­

ment ins ide the tank (apart from the d i a l y s i s t u b i n g ) , and the tank 

i t s e l f , was made of g l a s s . 
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APPENDIX I I 

PREPARATION OF SPECIMEN SUPPORTING FILMS 

Supporting f i lms for mounting specimens, for subsequent 

examination in the electron microscope, should s a t i s f y the fol lowing 

requirements. 

( i ) Material - The f i lms should be made from materials of high 

transparency to e l e c t r o n s , i . e . substances of low atomic 

number (see sect ion 4 .1 ) . 

( i i ) Thiakne8s - In the 80 - 100 kV range o f accelerat ing po ten t i a l , 

the energy of the incident electrons involved require the use 

of thin f i lms (< 20 nm, cf . sect ion 4 .1 ) . 

( i i i ) Strength - The f i lms should be se l f - suppor t ing and stable to 

a wide range of temperatures (cf . sect ion 1.4) in order to 

withstand rapid temperature f l u c t u a t i o n s . 

Evaporated carbon f i l m s , s a t i s f y the above general condit ions 

and hence, were used in the present work. 

A quick and e f f i c i e n t method for the production of supporting 

f i lms on g l a s s s l i d e s has been described by J o h n s o n 2 0 and D o b b 2 7 6 . 

However, in the present i n v e s t i g a t i o n , thin sheets of f resh ly cleaved 

( i . e . atomical ly smoth) mica (approximately 2.5 x 7.5 cm 2) were used 

instead of g l a s s s l i d e s , to deposit the carbon f i l m s . The mica sheets 

were placed in an Edward's coat ing unit (model 12E6/716), and the chamber 

evacuated to less than 1.333xl0~ 2 Pa. A current of 60A (at 10V) was 

passed for about 0 . 8 s , through two carbon electrodes in ( i n i t i a l ) point -

contact . Since the precis ion of the timing control on the coating unit 

was found inadequate for the production of su i tab ly thin f i l m s , the fol lowing 
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technique (developed in th is laboratory) was adopted with success . A 

piece of white glazed porcelain (opal g l a s s ) was placed ins ide the chamber 

beside the target . The thickness of the carbon f i l m was judged by the 

brown colorat ion of the indicator which was v i s i b l e only on the area not 

covered with o i l . When the l i g h t brown colour i s j u s t detectable, 

compared with the white appearance of the o i l covered area, the thickness 

of the f i l m has been found to be about 5 n m 2 7 7 . In the present work, 

f i lms were obtained when the indicator showed a l i g h t chocolate coloured 

deposit corresponding to an approximate thickness of 10 n m 2 7 7 . Carbon 

f i lms prepared in the above manner were found to be of adequate mechanical 

strength and su i tab le th ickness. 

The next stage of the operat ion, namely the transference of 

the thin carbon f i l m deposited on the surface of the mica sheet on to 

the specimen supporting g r i d s , was accomplished in the fo l lowing manner. 

Several g r ids were placed on a piece of copper gauze kept under d i s t i l l e d 

water in a special c o n t a i n e r 2 7 7 . The carbon f i l m was care fu l ly f loated 

of f on to the l i q u i d surface and the water then gently drained o f f , thus 

deposi t ing the f i lm on the g r i d s . After drying at room temperature the 

gr ids were ready to receive the specimens. 
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APPENDIX I I I 

METAL SHADOW-CASTING 

The shadow cast ing process , introduced by Wil l iams and W y c k o f f 2 7 8 

has long been recognized as a useful method for enhancing contrast in the 

electron microscope. Subsequently, H a l l 2 7 9 extended t h i s method to measure 

the diameter of spherical and tubular shaped macromolecules. However, a 

ser ies of technical d i f f i c u l t i e s have been encountered in attempts to explo i t 

the p o t e n t i a l i t i e s of the technique. These inc lude , g ranu lar i ty of the 

shadowing metal , problems encountered in s t r i p p i n g metal l ized deposits from 

the substrate in the case of r e p l i c a t i o n , presence of contaminating d e p o s i t s , 

and d i f f i c u l t i e s in f ind ing s u f f i c i e n t l y smooth and f l a t subst ra tes . Some 

of the obstacles have been overcome by such refinements and improvements as 

discussed below. For ins tance , f resh ly cleaved mica has been used as a 

subs t ra te , the surface of which i s not only very smooth, but a l s o h ighly 

hydrophi l ic which i s an addit ional desirable property. 

A fundamental requirement of the shadowing metal i s that i t 

should be a good electron scat terer . Metals such as g o l d , plat inum, 

pal ladium, uranium and chromium have been used with varying degrees of 

success . 

The granular s ize of the metal i s obviously the l im i t ing 

factor of the shadowing technique. The error involved in par t i c le s ize 

measurements becomes worse with increasing shadow length to height r a t i o . 

Granular i ty can a l s o enhance anomalous resu l ts related to phase ef fects in 

electron opt ics (c f . sect ion 2 .2 ) . 

When used for measurements of i s o l a t e d s i n g l e u n i t s , such as 

par t i c les of c e l l u l o s e , the shadowing technique suf fe rs from fur ther , 

ser ious disadvantages. The metal coating can, in many c a s e s , obscure 
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the shape of such small p a r t i c l e s , thus preventing re l i ab le measurements. 

This d i f f i c u l t y has been studied extensively by Ohad, Danon and H e s t r i n 8 1 s 8 2 « 

They have reported that when the thickness of the f i l m i s between 1.0 and 

2.0 nm, and the height/shadow ra t io i s between 0.2 - 0 . 1 , the added width 

w i l l be between 5 and 20 nm, which can be a value considerably larger than 

the structure s tudied. Further, they worked out a method for the ad just ­

ment and conversion of measurements obtained from metal shadowed, i so la ted 

p a r t i c l e s . C o l v i n 7 9 , however, has c r i t i c i z e d some of these conclusions 

and stated that metal shadowing as commonly pract ised need not necessar i ly 

lead to such erroneous resu l ts as suggested by Ohad et al. There i s yet 

another d i f f i c u l t y , common to both shadowing and s t a i n i n g techniques, in 

that i t i s not always possib le to obtain p a r t i c l e s appropriately d i s t r i ­

buted on the surface of the supporting membrane, free of impuri t ies and 

drying a r t i f a c t s . In such aggregates of p a r t i c l e s , the shadowing method 

would, i f the coating i s r e l a t i v e l y t h i c k , no longer resolve the c lose ly 

packed const i tuents . Some of the above mentioned anomalies encountered 

in the shadowing technique, may well be responsible to some extent for 

the d i f ferent values quoted for the dimensions of the "ultimate ce l lu lose 

uni t" . 

In the present s tudy, metal shadow cast ing was used on the 

par t ic les of c e l l u l o s e , in the preliminary stages but was la ter abandoned 

in preference of negative s ta in ing methods. 
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DISTRIBUTION OF "NEGATIVE" STAINING MATERIAL 



APPENDIX IV 

NEGATIVE STAINING 

In electron microscope studies of b i o l o g i c a l mater ia l , i t 

i s often necessary to use some type of non-spec i f i c s t a i n i n g procedure, in 

order to achieve adequate specimen contrast . The method has a lso been 

extended to measure the dimensions of macromolecules, but unless extreme 

caution i s excercised in the interpretat ion i t may lead to erroneous 

resul ts as discussed below. 

Negative s ta in ing involves the surrounding of a r e l a t i v e l y 

"transparent" specimen by an electron "opaque" matrix. The resul tant 

image need not necessar i ly be a true rep l ica of the specimen; in fact 

i t i s a der ivat ive structure which i s observed as a shadowgraph of those 

parts of the specimen not penetrated by s t a i n . However, penetration 

of the s t a i n great ly complicates the interpretat ion of negat ively stained 

specimens. 

Negative s ta in ing assumes l i t t l e or no adsorption of the 

electron opaque material by the object under examination. S i l v e r n i t r a t e , 

phosphotungstic acid (PTA), osmic a c i d , and uranyl acetate have been used 

in the past to s t a i n c e l l u l o s e . However, C o l v i n 7 9 has reported that on 

occasions ( for unexplained reasons) , PTA was found to be adsorbed s t rongly 

to nat ive ce l lu lose m i c r o f i b r i l s . According to P r e s t o n 9 3 , the ce l lu lose 

m i c r o f i b r i l s in plant cel l wal ls possess a c r y s t a l l i n e core surrounded 

by a "cortex" of paracrysta l l ine material and therefore, i t i s conceivable 

that the s t a i n would permeate the outer region of such a system and reveal 

unstained c r y s t a l l i n e core. I f Preston 's proposi t ion i s correct , then 

negative s t a i n i n g w i l l always y i e l d an underestimate of the f i b r i l l a r 

dimensions of c e l l u l o s e . 
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(a) End view of pa ra l l e l m i c r o f i b r i l s (white c i r c l e s ) with the 
i n t e r s t i c e s f i l l e d by the negat ive s t a i n , together with the 
i n t e n s i t y d i s t r i b u t i o n when viewed from above. 

through 12 .5 . 

F I G . A-2 NEGATIVE STAINING AND DISTRIBUTION OF INTENSITY ( re f . 93) 



Another f a c t o r , which would lead to s i m i l a r anomalous r e s u l t s , 

has been pointed out by C o l v i n 7 9 and i s i l l u s t r a t e d in FIG. A - l . Since the 

electron scat ter ing material i s used to out l ine the specimen, i f the shape, 

s ize and d i s t r i b u t i o n of the specimen permits encroachment of the s t a i n , 

(not appl icable for objects with square or rectangular c r o s s - s e c t i o n s ) 

the apparent width w i l l depend on the re la t ive thickness (t ) of the 
A 

layer of s t a i n . C o l v i n 7 9 has suggested that such erroneous resu l ts may 

be avoided by comparison of the shape of a microdensitometer trace across 

the images of the objects with known morphology, but in pract ice the 

s i tua t ion can be further complicated by other factors as d iscussed below. 

Mil lward and S i k o r s k i 9 4 h ighl ighted one of the most s i g n i f i c a n t 

causes leading to misinterpretat ion of high resolut ion electron micrographs 

of thin sect ions (transverse and long i tud ina l ) o f mammalian kerat in . 

Using an ideal ized diagram they were able to show c lea r ly one of the main 

reasons for the var ia t ion of the apparent width of a s i n g l e unit in a 

regular ly packed system of aggregates. Subsequently, P r e s t o n 9 3 has 

extended the same argument for the case of ce l lu lose p a r t i c l e s as shown 

in FIG. A2. I f the par t ic les are not regular ly packed and are not 

uniformly s t r a i g h t and para l le l (as in the real case) the smal lest centre 

to centre distance would s t i l l be less than the real value. Thus, i t 

would appear that the resu l ts from the use of "negative" s t a i n s in the 

case of isolated pa r t i c les would not suf fer from the above discrepancy. 

In the present study, a 2 per cent aqueous so lu t ion of uranyl 

acetate was used for s ta in ing ce l lu lose par t ic les and the measurements 

were confined to iso la ted units (cf . sect ion 2 .3 .3 ) . 
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APPENDIX V 

WIDE ANGLE X-RAY DIFFRACTION PROCEDURES AND ANALYSIS 

(a) Specimen Preparation 

Cotton f ibres cleaned fol lowing standard procedure (cf . 

sect ion 2 .3 .1) were para l l e l i zed as f a r as possib le by careful combing 

and made into a th in compact cy l indr ica l bundle of 1 - 1.5 nm diameter. 

The f ibre bundle was consol idated by ty ing the ends with a sewing thread 

and clamped taut in a frame. 

(b) X-ray Generator and Camera 

A commercial "H i lger and Watts Y90" X-ray generator was used 

incorporat ing a P h i l i p s lkW, permanently sealed tube with a copper anode, 

operating at 36 kV, and a tube current of 10 mA. The radiat ion gene­

rated i s mainly copper K a , having a wavelength of 0.1542 nm together 

with some "white" rad ia t ion . 

The f l a t - f i l m camera was f i t t e d with a g l a s s - c a p i l l a r y 

col l imator (D = 0 . 5 m ) , over which a nickel f o i l was f i x e d , in order 

to absorb most of the copper K. and white rad ia t ion . The specimen was 
P 

clamped over the end of the co l l imator , and the f i lm held in a casette 

with a mask of aluminium f o i l . The specimen to f i l m distance was kept 

at about 3 cm (see (d) below- ca l ib ra t ion ) and an exposure time of 3.5 hr. 

(c) Recording of X-ray D i f f rac t ion Patterns. 

The d i f f r a c t i o n patterns were recorded on a "slow" f i l m 

( C r y s t a l l e x , Kodak Ltd . ) in order to obtain c lear patterns with a minimum 

of background darkening. The f i lm was developed for 3 minutes at 24°C 

in 4:1 (V/V) aqueous DX-80 developer and, subsequently, washed and treated 

with 4:1 (V/V) aqueous FX-40 f i xe r . 
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(d) Ca l ibra t ion of Specimen to Film Distance 

A s i l v e r f o i l 2 8 0 placed in the middle of the f ibre bundle 

was used to ca l ibra te the specimen to f i l m d is tance . 

The relevant c rys ta l lograph ic data for s i l v e r obtained from 

American Society for Testing Materials2*1 i s as fo l lows . 

TABLE 30 

CRYSTALLOGRAPHIC DATA FOR SILVER 

d hkl < n m ) I / I i 

0.236 1.00 

0.204 0.53 

0.144 0.27 

0.123 0.53 

0.118 0.05 

d hkl s - i 1 v e r = 0.236 nm, for the most intense re f l ec t ion , 

s i n e = B r a g g ' s law (n=l) 
2d 

x = 0.154 for Copper K a 

. " . s i n 6 0.154 
2x0.236 

0.326 

9 = 19°3' 

26 = 38°6' 

tan 2e = 0.784 
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I f the specimen to f i lm distance = x and distance of the d i f f racted beam 

from the undeviated beam, measured along the f i l m = r, then tan 2e = -

Radius of s i l v e r ring measured on the f i lm = r = 2.46 cm 

. * . x = r t a n " 1 2e 

= 3.14 cm 

(e) Regression Ana lys is of C r y s t a l l i t e Orientation and Some 

Properties of Native Cotton F ibres . 

A regression ana lys is of the fol lowing data was carr ied out 

using a b u i l t in programme for mult iple l inear regression ana lys is in 

the Leeds Univers i ty ICL 1906A computer 2 8 2 (c f . § 3 . 4 . 3 , and Table 23). 

TABLE 31 

- DATA FOR REGRESSION ANALYSIS 

TYPE OF 
COTTON 

SEMI-AZIMUTHAL ANGLE 
OF 002 REFLECTION 
MEASURED AT HEIGHT 

ELONGATION 
AT 

BREAK % 

TENSILE 
STRENGTH 
(g / tex ) 

NO. OF 
CONVOLUTIONS 
(cm" 1 ) 

40% 50% 75% 

ELONGATION 
AT 

BREAK % 

TENSILE 
STRENGTH 
(g / tex ) 

NO. OF 
CONVOLUTIONS 
(cm" 1 ) 

Acala 26.6 22.9 15.2 5.8 45.4 77 

Lankart 36.5 33.7 26.5 8.2 33.8 80 

Menoufi 27.2 22.0 18.7 5.7 51.9 53 

Tanguis 31.0 27.7 20.0 6.5 40.9 70 

Lambert 25.5 22.6 15.4 6.3 48.4 62 

Uganda 29.4 26.5 20.6 5.6 41.3 75 
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