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Abstract--Viscosity measurements have been carried out on 12 amylose acetate fractions dissolved 
in (1) 43"3 per cent nitromethane: 56.7 per cent n-propanol (v/v; a 0-solvent mixture), (2) 50 per 
cent nitromethane: 50 per cent n-propanol (v/v), and (3) nitromethane. The following relations were 
obtained between limiting viscosity number and molecular weight: solvent (1), lr/] = 9-16 x 10 --2 
I~lw°'~°; solvent (2), [~l = 1"70 × 10 -* 1ff1,,°'66; solvent (3), I-q] = 8-50 × 10 -2 ~I,, °'vs. The flexibility 
of the molecular coil in these three solvents is discussed, and the free-draining characteristics of the 
polymer are shown to be negligibly small. 

I N T R O D U C T I O N  

FEW yArtn~grr , t  occurr ing  polymers  have been invest igated to the same extent  as 
has cellulose and  its derivatives.  These invest igat ions show tha t  the cellulose molecule  
in solut ion is extended pr incipal ly  as a result  of  shor t - range  in terac t ions ;  i.e. the 
high exponents  (--~1.0) in the M a r k - H o u w i n k  equa t ion  are a consequence of  high 
chain  stiffness. 

This  inherent  stiffness o f  the cellulose chain is fur ther  emphas ized  by viscosity 
measurements  carr ied  out  at  the prec ip i ta t ion  point ,  i.e. the F lo ry  0-point.  F o r  syn- 
thetic polymers ,  such measurements  usual ly  result  in an exponent  o f  0 .50  in the 
M a r k - H o u w i n k  equat ion.  This  is not  the case with the cellulose derivat ives.  F o r  
example;  the exponen t  has  a value of  0 .83  for  cellulose t r iaceta te  in a methylene  
chlor ide :  e thanol  p rec ip i ta t ion  mixture.  "~ Values o f  0 .5  have been recorded  for  
cellulose t r ibu tyra te  in a dodecane :  to luene mixture  (~) and  for  cellulose t r icapry la te  
in d imethyl  fo rmamide .  '2) These measurements ,  however ,  were carr ied ou t  at  high 
tempera tures  (122 ° and  140 °, respectively) at  which the molecules  are  p r o b a b l y  much 
more  flexible than  they are  at  r o o m  tempera ture .  

Thus the cellulose derivat ives general ly  do  not  show the expected behav iour  at  the 
p rec ip i ta t ion  point ,  unless high t empera tu res  are involved.  W e  now wish to present  
the viscosity behav iour  o f  the ana lagous  amylose  t r iaceta te  der ivat ive at  its precipi-  
ta t ion  point .  

E X P E R I M E N T A L  

The fractionation of linear amylose and the subsequent conversion of the 12 fractions to the 
triacetates have been described in detail elsewhere. (~) 

The method of Schultz and Flory(') was employed to determine the 0-point in a mixture of nitro- 
methane (solvent) and n-propanol (precipitant). Four polymer fractions of widely separated molecular 
weights (fractions I, 5, 10 and 12) were used. Each was dissolved in nitromethane to give 0-2 per 
cent solutions. Two millilitres of each solution was equilibrated at 25 ° and n-propanol, also at 25 ° 

* This is Part 40 in the series "Physicochemical Studies on Starches". 
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was added slowly, with stirring, until a permanent turbidity was observed. A measured aliquot of 
nitromethane (1-2 ml) was then added, and more n-propanol until the turbidity again appeared. The 
process was repeated until a value of ",-0"015 per cent in concentration of amylose acetate was 
reached. 

Measurements of limiting viscosity number were carried out at 25 ° in the 0-solvent, [solvent (l) 
in the following discussion], in a non-0 mixture of nitromethane and propanol, (50:50; v/v) [solvent 
(2)] and also in pure nitromethaae [solvent (3)]. (Experimental details and the values for the nitro- 
methane have been reported previously(S)). The molecular weights of the fractions were obtained from 
light scattering experiments carried out in nitromethane, as detailed by Banks, Greenwood and 
Hourston. (s) 

R E S U L T S  A N D  D I S C U S S I O N  

Composition of the O-mixture 

Figure l(a) shows a graph of  the volume-fraction of  solvent at the precipitation 
point  (vx) as a function o f  the weight-concentrat ion o f  amylose acetate (vs) for the 
four  fractions. The values o f  vz obtained by extrapolat ion to 03 = 0 are shown as a 
function of  ~ , , - o . ,  in Fig. l(b). The value o f  v~ obtained by extrapolating to 1VI, -°'5° 
= 0 is 0.436. As emphasized by Schultz and F lory ," )  this part icular method of  
extrapolation to infinite molecular  weight is purely empirical. I f  ~ , - 1  rather than 
lq'I, -°'5° is used for the abscissa in Fig. lb, a value of  vz = 0 .430 is obtained on 
extrapolation. In  this work,  the average of  these values was used (vt = 0.433). 
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Fro. 1. (a) The volume-fraction of solvent at the precipitation point (vO as a function of 
the weight-concentration of amylase acetate (vO; (t)) Values of vz (when vs = O) as a function 

of ~q.°'L 
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TABLE I. MOLECULAR w'E~Grrrs AND tm~trrrNG vlscosrrY NUMBERS 
FOR AMYLOSE ACETATE FRACTIONS IN 3 SOLVENTS 
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Fraction i~,1. x I0 -a [~h" [~],t [hi3: 
(ml/g) (ml/g) (ml/g) 

I 3-11 168 334 475 
2 2-17 135 261 365 
3 1-68 121 215 300 
4 1.34 110 187 255 
5 1.09 97 164 225 
6 0-869 86 138 185 
7 0'818 82 134 178 
8 0.755 81 128 170 
9 0.676 77 120 155 

10 0.569 69 106 133 
11 0.376 56 81 I00 
12 0.148 35 44 51 

" Measured in 43.3 per cent nitromethane/56" 7 per cent n-pro- 
panol (0-mixture). 

* Measured in 50 per cent nitromethane/50 per cent n-propanol. 
: Measured in nitromethane. 

Limiting viscosity number/molecular weight relations 
Table 1 records the limiting viscosity numbers  measured in the three solvents, and 

also the molecular weights o f  the 12 fractions;  Fig. 2 shows log [~7] as a function of  
log iVlw. Over the molecular weight range available, a linear relation is observed for 
each solvent i.e. 

[~711 = 9.16 × 10 -z bTl, °~° (1) 

[~]z = 1.70 × 10 --~ i~'I, ° ~  (2) 

[r/]a = 8.50 x 10 -3 1~,, ° '3 (3) 

The exponent o f  0 .50  for solvent (1) is the theoretical value for a Gaussian coil in 
a 0-solvent. Furthermore,  as the nature o f  the solvent is improved by the progressive 
removal  of  precipitant, the value o f  the exponent  increases. This is exactly the be- 
haviour  shown by the vast majori ty of  vinyl polymers. (5) 

It  should be noted that  the 43.3 per cent n i t romethane/56.7  per cent n-propanol  
mixture is a true 0-solvent for  amylose acetate in that  a temperature-reversible pre- 
cipitation occurs if the solution is cooled substantially below 25 ° . This is in strong 
contrast  to the behaviour o f  native amylose in aqueous KC1 where a viscosity exponent 
of  0 .50  is observed over a temperature range o f  approximately 20°C. (6. 7) 

The flexibility of the polymer coil 
The value o f  0 .50 for  the exponent in (1) indicates the flexible nature o f  the amylose 

acetate molecule for, under  similar precipitation conditions, cellulose triacetate is so 
inherently stiff that  a much higher exponent  is observed. This increased flexibility must  
be due to the inter-glycosidic bond being alpha in character, amylose itself is much 
more  flexible than is cellulose, as shown by the fact that  both aqueous (e. 7) and non-  
aqueous (a) 0-solvents are known for  the former.  The only derivative of  amylose which 
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FIG. 2. Logzo ['q] as a function of logz0 ~ , ,  for the amylose acetate fractions dissolved in 
(I) nitromethan¢: propanol (0-mixture), (2) nitromethan¢: propanol (50150; v/v), (3) nitro- 

methane, 

is comparable in behaviour to the corresponding cellulose derivative is the tricar- 
banilate.~9) In this particular case, the high exponents observed for the macromolecule 
in various solvents have been shown to arise from the extension due to hindered 
rotation rather than to solvent effects. (It is reported that even at values of 37I,, of 
,~4 x 10 e, Gaussian statistics are not obeyedCg~). This hindered rotation must, from 
the evidence quoted above for the flexibility of amylose and its acetate, be due princi- 
pally to the large size of the substituent carbanilate residues. 

A measure of the flexibility of amylose acetate in the different solvents may be 
obtained from the Kuhn cx°) statistical segment length, A~,, the value of which is in- 
versely proportional to the flexibility of the coil. This parameter is shown in Table 
2, and is compared with those from other studies on amylose acetate. All calculations 
were based on a bond length of 4.41A for the extended glucose unit in the CI con- 
formation, cxl, 

Under 0-conditions, there are approximately 8 monomer units in each statistical 
segment. This value is similar to that for amylose in aqueous KCI (0-solvent), where 
there are 6 residues. (~) For nitromethane, we find A= to be 77A. Sedimentation 
studies c8) yielded a rather lower value (A~, = 65A). Thus there are 15-18 glucose 
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TABLE 2. TH~ K t n ~  STATISTICAL SEGMENT LENGTH FOR AMYLOSE ACETATE IN 
VARIOUS SOLVENTS 
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Solvent A., No. of monomer units Ref. 
(A) statistical segment 

43.3 ~ nitromethane/56" 7 ~ n-propanol 34 8 * 
50 ~, nitromethane/50 ~, n-propanol 58 13 * 
Nitromethane 78 18 * 
Nitromethanet  110 25 (12) 
Nit romethane 120 27 (13) 

"This  work. 
t Cowie's results have been re-calculated using a bond length of 4"41 A. 

triacetate residues in each Kuhn statistical segment. The average value of 15 units 
is quite comparable to that observed for polystyrene in toluene, (1°) where there are 
13 styrene residues in each statistical segment. (The exponent of the Mark-Houwink 
equation for this system is ,--,0.7(") very close to that reported here for amylose 
acetate in nitromethane). 

The A,  values reported by Cowie ~u) and by Patel and Patel "3) are mutually con- 
sistent, but higher than those found in this work. Indeed, these values might suggest 
that the amylose acetate chain is fairly inflexible. However, the value of A,, derived 
from Cowie's sedimentation studies "5) is 55A, which is in agreement with our figure. 
Patel and Patel (13~ state that their high value of A,, is in direct opposition to all their 
other conclusions, which suggest that amylose acetate is at least as flexible as poly- 
styrene. 

Partial free-draining in amylose acetate 

Recently, Burchard (le) has suggested that draining effects in polysaccharides and 
their derivatives are not negligible. This is in contrast to the work of Kamide and 
Inamoto (17) on amylose in various solvents, and to sedimentation studies on amylose, 
(15.18) where in neither case could any evidence of  free-draining be detected. 

As a measure of draining, Kamide and Inamoto "7) used the expression derived by 
Kamide and Kawai. " ' )  This is based on the Flory (5) treatment, i.e. 

[~1 ----- KM °, (4) 

or [71 = Ko M½a3, (5) 

and the Kurata-Stockmayer-Roig (~°) expression for ct 

and yields 

~3 _ ~ = c . g ( ~ ) . z ,  (6) 

-- log K + 1.5 log [1 + 4/3 ((a --  0.5)-x-2}-11 

= (a --  0.5) log Mo -- log Ke, (7) 

where M0 is approximated by the geometric mean of the molecular weight range over 
which K has been measured. 
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Alternatively, (4) and (5) may be used in conjunct ion with the Fixman ~-1~ expression 

=3___ 1 + 1"55z, (8) 

which gives 

- -  l o g  [ K { 1  - -  2 ( a  - -  0 - 5 ) } ]  = ( a  - -  0 - 5 )  log M0 --  log KO. ( 9 )  

Equat ion (9) has been derived independently by Kamide and Moore  ~2~ and by 

Burchard.~x6 
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FIG. 3. f(a) as a function of (a -- 0" 5);f(a) ---- --loglo[K(l -- 2 (a -- 0" 5)}] for curve 1, 
and f (a) = --logloK +ol "5 log [1 + 413 ((a -- 0"5)-1--2} -I] for curve 2. 

I f  the left hand side of  (7) or  (9) is graphed against ( a - 0 . 5 ) ,  a straight Line will 
result only if the draining factor is negligible. In  Fig. 3, the data  are plotted according 
to (7) and (9). In  both  cases, the points fall on straight lines. Thus draining must  
occur in amylose acetate (in the molecular weight range > 1 " 5  × 1@) only to a 
negligibly small extent. 
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R6sum6---On a effectu6 des mesures de viscosit6 sur 12 fractions d'ac&ate d'amylose dissoutes (1) 
dam un solvant 0: m~lange de 43.3 ~o de nitrom~thane et 56.7 ~o de n-propanol (en volume) (2) dans 
un m61ange 50 : 50 de nitrom6thane et de n-propanol (en volume) (3) darts le nitrom6thane. On a 
obtenu les relations suivantes entre les indices de viscosit~ limite et les masses mol6culaires: solvant 
(1): [,7] = 9"16 x 10 -~ 1~I,,°6.0; solvant (2): [T/] = 1"70 x 10- 2 I~/,,°'66; solvant (3): Iv] = 8"50 × 
10 -2 i~[,, °'T3. On examine les donn6es sur la flexibilit6 de la pelote mol~culaire et on montre que les 
caract6ristiques de fibre 6coulement sont n6gligeables pour ce polym6re. 

Snmmario--Sono state fatte misure di viscositY, su 12 frazioni di acetato di amilosio nei seguenti 
solventi: (1) 43.3 Yo nitrometano: 56" 7 Yo-propanolo (v'v solvente O), (2) 50 Yo nitrometano: 50 ~o 
n propanolo (v'v), (3) nitrometano. Sono state ricavate le seguenti relazioni tra viscositY, limite e peso 
molecolare: solvente (1) [v] = 9" 16 .10-  2 M,, °'5°, solvent (2) Iv] = 1 .70 .10  -2 Mw °'66, solvente (3) 
[7/] = 8" 50 .10  -2 Mw °'73. E'  discussa la flessibilit~t delle molecole raggomitolate in questi tre solventi 
e viene mostrato chela  permeabilitY, al solvente del polimero ~ molto piccola. 

Zusammenfassung--An 12 Amyloseacetat-Fraktionen wurden Viskosit~.tsmessungen durchgeffihrt 
in (1) 43.3 ~o Nitromethan: 56' 7 Yo n-Propanol (v'v); ein 0-L6sungsmittelgemisch), (2) 50 ~ Nitro- 
methan: 50 Yo n-Propanol (v'v), und (3) Nitromethan. Die folgenden Beziehungen zwischen Gren- 
zviskosit~it und Molekulargewicht wurden erhalten: L6sungsmittel (1), [V] = 9" 16 × 10 -2 ~i,,°'~°; 
L6sungsmittel (2), Iv] = 1"70 × 10- 2 l~i,,°'6e;; L6sungsmittel (3), [v] = 8"50 × 10- a ~ 0.:~. Die 
Beweglichkeit des Molekfilkn~uels in diesen drei L6sungsmitteln wird diskutiert, und es wird gezeigt, 
dab der Durchspfilungseffekt vernachl~ssigt werden kann. 


