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Xanthan is an ionic polysaccharide pro
duced by fermentation with the bacterium 
Xanthomonas Campestris. This polymer in 
aqueous salt of low ionic strength undergoes 
an order-disorder conformation change with 
increasing temperature T. 1 - 3 In recent light 
scattering, viscosity, and optical rotation 
studies,4 - 6 we showed that the ordered con
formation of fully ionized xanthan in 0.01 M 
aqueous NaCl at 25°C is essentially the same 
double helix as that found previously by 
our 7 - 9 and other10• 11 groups at a higher NaCl 
concentration Cs of 0.1 M and that its change 
to the disordered conformation with increas
ing T is a process of partial melting of the 
double helix. 

In this work, optical rotation, viscosity, and 
potentiometric titration measurements were 
made on xanthan with varying degrees of 
ionization r:t. in 0.01 M aqueous NaCl at T 
between 25 and 75°C. It was found that acid 
xanthan in the aqueous salt underwent a 
charge-induced conformation change, i.e., 
charge-induced helix breaking, when r:t. in
creased at a fixed T higher than 50°C. The 
present paper discusses this finding. 

EXPERIMENTAL 

A fractionated xanthan sample X14-2-3 

with a weight-average molecular weight Mw of 
7.44 x 105 (in the dimerized acid form)12 was 
used. It was dissolved in deionized water at 
about 5°C, and the solution was passed 
through a mixed-bed ion exchanger (Amberlite 
IR-120+IRA-410), with the temperature of 
the solution kept at about 5°C. To the solution 
of acid form xanthan thus prepared, aqueous 
NaCl was added to obtain an 0.01 M NaCl 
solution of the polyacid. 

The solution was divided into several parts, 
and each (10 cm3) was titrated at a given T 
under a nitrogen atmosphere with 0.100 N 
NaOH containing 0.01 M NaCl. The titrant 
was delivered by using a Gilmont digital mi
croburet (Type S4100A, 0.25 cm3 in capacity). 
The concentration cP of carboxylic acid groups 
was evaluated from that of NaOH in the 
solution at the end of the titration. The degree 
of ionization was determined in the manner13 

described elsewhere. The pH meter (Beckman 
¢ 70) used was calibrated at each temperature 
with standard buffer solutions (pH =4.01 and 
6.86 at 25°C). 

Solutions of partially or completely neutral
ized xanthan were similarly prepared at given 
T, and their specific rotations [r:t.hoo at 300-nm 
wavelength and relative viscosities 17, at zero 
shear rate were determined as functions of r:t.' 
(the degree of neutralization), r:t., and T. For 
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the former, a JASCO ORD/UV-5 spectropolar
imeter with 10-cm cylindrical quartz cells was 
used and for the latter, low-shear four-bulb 
capillary viscometers. The polymer mass con
centration c was calculated from cP; the num
ber of charges per repeating unit of our xan
than sample in the fully ionized state is 1.34. 13 

It was found previously5 that [ab00 of Na 
xanthan in 0.01 M aqueous NaCl is virtually 
independent of c below 3 x 10- 3 g cm - 3 at any 
T between 25 and 80°C. On the basis of this 
finding, all the optical rotation data given 
below were taken at c-1.7 x 10-3 gcm- 3 . 

As has been demonstrated by light scatter
ing,4-7 '9-11 viscosity,5 •8 •9 and sedimentation 
velocity,9 the double-helical structure of Na 
xanthan in 0.0 I or 0.1 M aqueous NaCl is 
characterized by ML (the molar mass per unit 
contour length)= 1940 ± 100 nm -i, which cor
responds to the pitch h of 0.47 nm per main 
chain glucose residue of the double helix in the 
crystalline state, determined by X-ray diffrac
tion.14 Note that h=M0 /ML with M 0 being the 
molar mass per cellobiose unit of the polysac
charide. In this work, to estimate ML of acid 
xanthan (a' =0) in 0.01 M aqueous NaCl at 25 
and 75°C, the molecular weight dependence of 
zero-shear rate intrinsic viscosity [11] was in
vestigated, using the sample X14-2-3 and four 
other samples, X12-2-3 (Mw=3.31 x 105),12 

X9-3 (Mw=9.3 X 105), X3-5 (Mw= 1.38 X 106), 

and X15-2-5 (Mw=2.14 x 106). The Mw values 
for the last three acid samples were calculated 
from those4·5 • 7 in the sodium salt form with 
the ratio of M 0 (891 g mol - 1) of acid xanthan 
to that (920 g mol - 1) of Na xanthan. For 
comparison, [11] data were also taken at Cs= 
0.1 M, at which the polysaccharide even in the 
fully ionized state undergoes no appreciable 
conformation change with increasing T below 
80°C.5 Huggins' and Mead-Fuoss' plots for 
both 0.01 and 0.1 M NaCl solutions at 75°C 
exhibited slight upward deviations from lin
earity at low c (11r $ 1.1) owing to proton 
dissociation accompanying dilution, but the 
deviations were at most 2% and ignored in 
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determining [ 11]. 

RESULTS AND DISCUSSION 

Figure 1 illustrates the temperature depen
dence of [ab00 at different a' for sample Xl4-2-
3 in 0.01 M aqueous NaCl. With increasing T, 
the curves for a' above 0.8 sigmoidally rise, 
indicating that completely or partially neu
tralized xanthans with a'> 0.8 in the aqueous 
salt undergo thermally induced conforma
tion changes. We note that, according to 
our previous analysis,4- 6 the rise of the curve 
for a'= 1 is a reflection of partial melting of 
the xanthan double helix (in the fully ioniz
ed state) into a dimerized, expanded coil con
taining a small number of double-helical res
idues. As a' decreases, the conformation 
change becomes less pronounced. In partic
ular, the curves for the three lowest a', all 
slightly different at low T, are indistinguish
able above 55°C. 

Additional measurements on either acid or 
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Figure I. Temperature dependence of [ethoo for xan
than sample Xl4-2-3 in 0.01 M aqueous NaCl at in
dicated degrees of neutralization. c=l.65xl0- 3-

J.73x 10- 3 gcm- 3 . 
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Na xanthan at Cs= 0.1 M yielded [rx]300 values 
close to those at rx'=0 and Cs=0.01 Min the 
range of T from 25 to 75°C, especially above 
55°C. Furthermore, these [rxhoo values at the 
two Cs did not differ much from previously 
measured [rxhoo for Na xanthan5 at a much 
higher Cs of 0.5 M. All these findings com
bined together suggest that in the temperature 
range studied, xanthan with an rx' lower than 
0.4 in 0.01 M aqueous NaCl be predominantly 
double helical. 

The [rxhoo data in Figure 1 are replotted 
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Figure 2. Plots of [ochoo against oc' (a) and against oc (b) 
for sample Xl4-2-3 in 0.01 M aqueous NaCl at indicated 
temperatures. 
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against rx' in Figure 2a and against rx in Figure 
2b. The sigmoidal increases in [rxhoo with in
creasing rx' or rx at 65 and 75°C demonstrate 
that acid xanthan in 0.01 M aqueous NaCl 
undergoes a conformation change when the 
charge density is increased at the fixed 
tempera tu res. 

Figure 3a depicts the temperature depen
dence of (In Y/r)/c at fixed rx' for sample X 14-2-3 
in the aqueous salt. All the curves decline with 
increasing T, but in the temperature range 
examined, only those for rx' = 1 and 0.82 ap
pear to reflect the thermally induced confor
mation change. It should be noted that since 
the coiled dimer of fully ionized xanthan at 
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Figure 3. Dependence of (In 11,)/c on Tat fixed oc' (a) 
and that on oc' at fixed T (b) for sample Xl4-2-3 in 
0.01 M aqueous NaCl. c=l.71 x 10- 3-l.79x 10- 3 

gcm- 3 . 
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pies in the two solvents are very close to each 
other. The viscosity exponent is 1.2-1.4 at 
25°C and about 1.2 at 75°C, suggesting that 
the acid xanthan dimers in the aqueous salts at 
these temperatures are semiflexible rods. We 
modeled the dimers by unperturbed wormlike 
chains, and analyzed the [11] data using the 
Bohdanecky plot15 of (.Mw2/[r,])1i3 vs. Mw112 

.S based on the theory of Yamakawa et al. 16• 17 
C' 
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Figure 4. Molecular weight dependence of [I/] for acid 
xanthan (0('=0) in 0.01 and 0.1 M aqueous NaCl at 25 
and 75 C. The solid curves represent the values calcu
lated from the theory of Yamakawa et al. 16•1 7 for 
wormlike cylinders with ML= 1940 nm - 1, q = 110 nm, 
and d=2.0nm at 25°C and ML=l960cm- 1 , q=70nm, 
and d=2.0nm at 75'C in both 0.01 and 0.1 M aqueous 
NaCl. 

80°C considerably expands by electrostatic 
repulsion,4 - 6 the viscosity change is not very 
remarkable even at a'= I. The (In IJ,)/c values 
at fixed Tare plotted against a' in Figure 3b, 
which is to be compared with Figure 2a though 
the viscosity data refer to finite c. The cor
responding curves of (In IJ,)/c vs. rY. exhibited 
features similar to those observed in Figure 3b. 

The molecular weight dependence of [r,] for 
acid xanthan in 0.01 and 0.1 M aqueous NaCl 
at 25 and 75°C is illustrated in Figure 4. At 
either temperature, the [IJ] values for all sam-
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contains three parameters, ML, q (the per
sistence length), and d (the cylinder diameter), 
but the theoretical [11] is insensitive to d un
less the cylinder is too short. We assumed d 
to be 2.0 nm (the previously estimated value 
for acid xanthan in 0.01 M aqueous NaCl 
containing 0.01 N HC113), and obtained 
ML=l940±100nm- 1 and q=ll0±20nm at 
25°C and ML=l960±100 nm- 1 and q= 
70±15nm at 75°C in both 0.01 and 0.1 M 
aqueous NaCl from the slopes and intercepts 
of the Bohdanecky plots (see, for example, 
ref7 for the method). The solid curves in 
Figure 4 actually represent the values calcu
lated from the theory of Yamakawa et al. with 
these parameter values. 

The ML values of 1940 (at 25°C) and 
1960 nm -l (at 75°C), which are approximately 
equal, compare favorably with 1900 nm - 1 (in 
the acid form) corresponding to the estab
lished pitch of 0.47 nm per main chain residue 
of the xanthan double helix in dilute so-
lution 7 • 9 · 12 or in the crystalline state. 14 The 
agreement in ML supports the suggestion from 
[ah00 that the predominant conformation of 
acid xanthan in 0.01 M aqueous NaCl is a 
double helix in the range of T from 25 to 75°C. 
Note that this is also the case in 0.1 M aqueous 
NaCl. The q of 110 nm at 25°C is comparable 
to the previously estimated value6 of 125 
(±25)nm for fully ionized xanthan in 0.01 M 
aqueous NaCl at the same T. This finding 
implies that in the range of rY. studied, the 
xanthan double helix in the aqueous salt at 
25°C is hardly stiffened by increase in charge 
density. The q of 70 nm at 75°C, considerably 
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3.4 
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maintained at a= 1,4 - 6 the decrease in [ahoo at 
least at 25°C has nothing to do with the 
charge-induced conformation change. We note 
that in their optical rotation and titration 
studies, Milas and Rinaudo18 showed xanthan 
in pure water to undergo a certain charge
induced change but they failed to say what 
change actually occurs in its conformation. 

When the double helix is partially broken, 
the average distance between charges on the 
two different chains in the dimer must in
crease. Since this increase lowers the elec
trostatic potential energy and hence pH -
log(a/1-a), partial helix breaking may be 
expected to manifest itself also in potentio
metric titration curves. Figure 5 shows our 
titration data at different T. The curves at the 
three lowest Tare essentially linear and almost 
parallel, indicating that no appreciable charge
induced breaking of the double helix occurs up 
to 45°C. This is consistent with the optical 
rotation data in Figure 2b. On the other hand, 
the curves at the higher T bend downward 3.1 L__...L.. _ _L.. _ _..l. _ __;.._ _ _._ _ _._ _ __. 

0.4 0.6 0.8 1.0 when a exceeds a certain value which is smaller 
a 

Figure 5. Plots of pH-log(et/1-et) vs. et for xanthan 
sample Xl4-2-3 in 0.01 M aqueous NaCl at indicated 
temperatures. cp, 0.00149 M; dashed lines, extension of 
the linear portions of the curves at low et. 

smaller than 110 nm at 25°C, explains the 
observed difference in [IJ] between these T in 
Figure 4 as due primarily to that in the rigidity 
of the helix. 

Since the double-helical conformation of 
acid xanthan in 0.01 M aqueous NaCl has been 
shown to remain almost intact up to the 
highest T studied, the increases in [ah00 with a 
at fixed T ( > 50°C) in Figure 2b may be 
concluded to manifest charge-induced break
ing of the double helix. More precisely, the 
double-helical structure appears to be kept up 
to a relatively large a (for example, 0.52 at 
75°C) and then successively broken with in
creasing a. Below 40°C, [ah00 in the figure 
rather decreases with increasing a. However, 
since the double-helical structure at 25°C is 
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at a higher T. Since such an a is close to that 
above which [ah00 sigmoidally increases 
(Figure 2b), we may conclude that the down
ward bending of the titration curves is another 
manifestation of the charge-induced breaking 
of the xanthan double helix. As discussed 
elsewhere, 13 the current titration theory is yet 
quite unsatisfactory even for almost com
pletely rigid polyacids. Thus, no theoretical 
analysis of our titration curves was attempted 
in the present work. 
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