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ABSTRACT

Xanthan gum (XG) is a natural high molecular weight polymer. It is one of the important
polysaccharides, produced by the fermentation process. This research aims to estimate the
intrinsic viscosity of XG. The intrinsic viscosity [n] was evaluated by various equations,
initially by Huggins equation as a reference, then using other equations, it was compared
and calculated with the relative percentage of errors. From the calculations, we note that the
Arrhenius-Rother-Hoffmann is the most reliable method for estimating the intrinsic
viscosity, while the Fuoss method is very unsuitable for estimating the intrinsic
viscosity. The fundamental importance of intrinsic viscosity lies in the fact that it's the first
step to estimating the molecular weight (1043107 g/mol) and hydrodynamic radius (280
nm). Furthermore, the value of molar mass was calculated by the Mark-Houwink equation
for helical conformation with parameters a= 0.74x10™° cm®/g and k = 1.35. where a and k
are M-H constants depending upon the type of polymer.
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Introduction

Xanthan gum is a microbial polysaccharide with many industrial uses. It is an effective
thickening agent and stabilizer to prevent ingredients from separating, it can be produced from
aerobic fermentation of the bacterium Xanthomonas campestris [1,2]. The chemical formula
of its monomer (C35H49029), with a molar mass of 933.748 gmol-1 [3]. Xanthan, which
consists of pentasaccharides repeating units with p-1,4 glycosidic linked glucose molecules
that are similar to cellulose as the main chain, (Figure 1) is completely soluble in water[3].
Xanthan gum shows an order confirmation, double-stranded helical structure, and disorder

conformation, as a single-standard random coil [3]
H COH

M M ] CHy

Figure 1. Structure of monomer of xanthan gum

Xanthan gum is highly soluble and viscous even at high dilutions [4,5], stable over a wide
range of temperatures and pH, hence xanthan gum is widely used in pharmaceutical,
cosmetics, agriculture and petroleum industries, food, cosmetics industries, and as a thickener
drilling oil and toothpaste [5].

also, xanthan gum exhibits very high molecular based on many previous studies[3-5]

1.1 Intrinsic Viscosity and Hydrodynamics Parameters

The viscometer was used to measure the efflux time of polymer solution and solvent
(water).

The relative viscosity is measured by a simple relation
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Where; 7, is the solution viscosity, n, is the water viscosity, p; and p,are densities of
solution and water respectively, t,and t,are efflux time of solution and water, respectively[6].
And the specific viscosity n,, measured as

nsp

=Nr

-1

And reduced viscosity 71,.q measured as
nred(cm3g_1)

_ o
G (3)

Where, C is the concentration.
Also, inherent viscosity n;,, measured from the following relation[6]
ninlh (em®g™)

nn
= Cr (4)
Huggins [6], propose the following equation
Nred

= [n]
+ Ky [U]ZC
Where, [n] intrinsic viscosity, and K is Huggins constant
The Kraemer [ 7 ], propose the following equation
Ninh =
[n] +
Ky[n]*C (6)
Where, Ky is Kraemer constant
Fuoss [ 8 ], propose the following equation
c

Nsp
1

i

1 .
+1<Fs.m.c1/2

Where, Ky is Fuoss constant
Martin [ 9 ], propose the following equation
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lnnred
=InIn[n]
+ Ky[nlC (8)
Where, K, is Martin constant
The Fedors[10] propose the following equation:
1

1

22 — 1)
1

~nle
1

[n] Cmax (9)

Where C,,,, 1S polymer concentration parameter.
Heller [11] propose the following equation :

1 (1 . 1 )
_C —
2 \nsp Inn,

1

(]
— Kpec ( 10
Where Ky, is Heller's constant.
Lyons and Tobolsky [12] propose the following equation :

nsp
In—

c

=InIn [n]

K, _r[nlc
+ <—1 e > (11)

Where K, _; is Lyons and Tobolsky constant , b is constant
Baker [13] propose the following equation:
1

c
+ [n] o
n
1
- 1-2Ky
With 0.25< Ky<1, and Ky =0.48
Tager [14] propose the following equation:
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nsp
1
- [n] (KTl
+ Kr,C?) (14)
Where Ky, and K, are Tager's constants
Budtov [15] propose the following equation:
ny®
=1
+ Kglnlc (15)
Kp
=1
— 2Ky (16)
Where K,, is Martin's constant. This method used to determine the intrinsic viscosity when
Ky > 0.5.
Solomon & Gotesman [16] propose the following equation :

1
1+ §775p
=[n]— 17)

Arrhenius-Rother-Hoffmann [17,18] propose the following equation:
Inn,

Cc
= [n]
+ Kylnn, (18)
Where K is constant.

Kresia [19] propose the following equation:
nsp

C
= [n]

.',]2
S
+ KKT‘Tp (19)

Where Ky, Kresia’s constant.
Staudinger and Heuer [20] propose the following equation:
77sp
In—
c
= In[n]
+ ks_p[nlc (20)
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Where Ks_j is Staudinger - Heuer constant.
Maron & Reznik [21] propose the following equation:
Nsp — [nn,

+ (ky

-3) e @D
By modifying Maron —Reznik equation

o (o)
=In (g) +In ([kH —% [n]3)

X Inc (22)
In this research two alternatives are proposed to determine the intrinsic viscosity. The first
method is a square method (S), through which we can estimate the intrinsic viscosity from the
intercept of a straight line at drawing equation 23.

Nsp 2

)

= [n]?

+ kpyc? (23)
The relative percentage of error (RE%) with respect to Huggins of this equation is by
default.

The second method is the square root method (SR), in which we can calculate the intrinsic
viscosity from the intercept of a straight line when drawing equation 24.

(=2)
= [n]*/?
1
+ kpic2 (24)

2
Where, kp is square method constant.
The percentage relative error (RE%) with respect to Huggins equation is neglected.
In addition, the average of both intrinsic viscosities gives a value not exceeding 5% regarding
the Huggins method.
From Mark-Houwink (M-H) [ 22,23 ] equation (25) we can calculate the molar mass given
the value of intrinsic viscosity. Since the size of the polymer chain is related to the molar
mass[22,23].
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[7]
= kMS (25)
Mark-Houwink parameters are calculated by using the plot of the following equation:

In [n]

= Ink

+ alnM,, (26)
Where k is M-H proportionality constant and a is M-H exponential constant, is a function

of polymer geometry and takes values from 0.5 to 2.0 . The M-H exponent represents the
imprint of the polymer chains inside the solution.

The hydrodynamic radius (Ry) is calculated from Einstein relation

M(n]
3
= vaNy ZT[(RH)3
b
The relation between intrinsic viscosity and specific volume is given by the following
equation [24,25]:
va/b

(7]

Vs
Where v, , is called Einstein viscosity increment and V; is specific volume (cm®/g) [26].

2. Experimental

2. 1. Material and Mother Solution:

The powder material of xanthan gum was supplied by a local Libyan company (JOWF) and
used without further purification. The mother solution of 1g/L concentration was prepared by
adding a known weight of the polymer to a fixed volume of double distilled water and
dissolving with magnetic stirring. Some extra double distilled water was, then added up to the
required volume.

2. 2. Dilute Solutions:

The native solution, was used to prepare a series of dilute solutions (0.1 to 0.9 gL™), by
adding the required volumes of double distilled water to different volumes of native solution.
A centrifuge was used at 2000 rpm for 15 min to remove bubbles from the solutions.

2. 3. Density Measurements:

The densities of solutions were measured by density bottle at 25°C.

2. 4. Viscosity Measurements:

Values of efflux time of solutions were measured in the thermostatic bath by Ostwald glass
capillary viscometer (No. Il: 75-100 s, Nach, Ostwald 486510, made by the brand in
Germany), with water efflux time 78.32 s. The accuracy of the viscosity measurement was +
0.015. All the measurements were performed in triplicate.

3. Results & Discussion
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Diluted solutions of xanthan gum were prepared and the intrinsic viscosity was determined by
different methods. From the data obtained by using the Huggins method, the intrinsic
viscosity was calculated with a value of 98622.4 cm*/g.

Figs. 2 and 3 show the data obtained from the Huggins and Kraemer methods, these Figures
illustrate the difficulty of both methods converging for the calculation of the intrinsic
viscosity, the Huggins method was taken as standard and then, the other methods are
compared with it. The intrinsic viscosity data are compared in Table (1).

Fig. 4 shows the application of Martin's method from this Figure observed, the calculation of
the intrinsic viscosity accounts for an (RE%) of 2.71%, but R?=0.97; in similar works such
as Martin A. Masuelli [24].

Fig. 5 and Fig. 6 are the methods of Fuoss and Fedors, each method has become more
pertinent in the last years, in the first RE% is 8.1%, and the second less than 1%.

However, the method of Heller in Figure 7, is one of the most methods used in the last years
this method obtains a RE% close to 3 which makes it suitable for this type of
macromolecules.

Fig. 8 shows the Lyons-Tobolsky method that stands out for its RE% less than 2% that can be
very feasible at the time of using a suitable plot method of calculating the intrinsic viscosity.
Moreover, Fig. 9 shows the Baker method, this method has been reliant on the Huggins
method since in this case n contains the Huggins constant, KH, and not only carries the errors
of the Huggins method but adds its own, which leads to RE% 3.6. Therefore, Baker's method
is insufficient if one wants to determine the intrinsic viscosity. Fig. 10 shows the Tager
method, which has a RE% of 1.63. The Solomon Gotesman method, Fig. 11, is an empirical
equation that provides intrinsic viscosity data with RE% 0.71%, which makes it a very
suitable method for this type of macromolecules. The Arrhenius-Rother-Hoffmann equation
seen in Fig. 12, is one of the most accurate methods of graphical calculation of the intrinsic
viscosity with RE% 0.5. This classic method is worldwide and appropriate for
macromolecules of all types, although it is not widely used. Fig. 13 observed the use of the
Kreisa method for the plot calculation of the intrinsic viscosity with a RE% of 3.38%.
However, Staudinger-Heuer in Fig. 14 with a RE% of 3.16. The Maron-Reznik method,
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Figure 15, has RE% 2.39). Buttons. method, Figure 16, is a slope model of Martin's constant,

Tlredlcm3 mg‘1
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Figure 2 Huggins method
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Figure 3 kraemer method
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In(n/C)

0.2 0.4

Figure 4 Martin's method
Table 1. The intrinsic viscosity by different methods

0.6

C/mgcm'3

0.8

1.0 1.2

22 g

lr
¢
i

g

A sy

R,

Methods Huggins Kraemer Fuoss Martin Fedors
[n] (cm’/g) 98622.4 93452.3 90632.6 95948.4 97778.2
R’ 0.97 0.98 0.98 0.97 0.99
%RE - 5.24 8.10 2.71 0.85
Methods Heller Lyons- Baker Tager Budtov
Tobolsky

] (cm®/g) 101368.9 96652.11 94984.21 97005.41 100332.23
R’ 0.98 0.99 0.87 0.95 0.94
%RE 2.78 1.97 3.6 1.63 1.73
Methods Solomon- Arrhenius- Kreisa Staudinger- | Maron-

Gotesman | Rother- Heuer Reznik

Hoffmann
] (cm’/g) 99325.3 98125.4 101960.3 101742.2 100984.2
R’ 0.92 0.94 0.95 0.98 0.93
%RE 0.71 0.50 3.38 3.16 2.39
Methods Square Square Root Mean
] (em®g) | 1039975 | 95423.1 99710.3
R’ 0.97 0.94 -
%RE 5.45 2.10 1.10
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Figure 12 Arrhenius-Rother-Hoffmann method
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Figure 15 Maron-Reznik method
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Figure 18 Squre root method

In this work, two ways to calculate are proposed that serve to determine the intrinsic viscosity
and are plotting methods that take into account the average between two values obtained by
different methods that we will detail next. The first plot method has based the equations 23
and 24, plotted in Fig. 17 and Fig. 18. Finally, from the ordinate to the origin, the intrinsic
viscosity is obtained and the average is obtained from them.

The relative percentage error concerning Huggins of this equation 23 is by excess
(RE%=5.45), and the plot of equation 24 obtained error concerning Huggins is by excess
(RE%=2.10). Therefore, an average of both plot solutions gives a value of 1.10% according to
the Huggins method.

The mean of intrinsic viscosities values, which were obtained from intercepts in Figure 17 and
Figure 18 was 103997.5cm®g. The Mark-Houwink parameters observed in Table 2 are
referenced by Kim, Choi, Kim, & John [23]. The hydrodynamic radius of the macromolecules
changes with this type of solution and with temperature via changes in their chain flexibility.
The molecular weight determined for this work is 1043107.58 g/mol, with an intrinsic
viscosity by the Huggins method of 98622.4cm*/g. From clear, this molecule is taken helical
conformation shape in solution and the water is a good solvent for it is. Mark-Houwink value
of “‘a” confirms that for these conditions.

Table 2 The Mark-Houwink parameters

Ky Kwm Ry (hm) | M (g/mol) | vap kicm’g) |a

0.48 0.57 380 1043107.58 | 3.30 0.74x10° | 1.35

4.Conclusions

From this research, conclude that the xanthan gum molecule takes the helical conformation in
an aqueous solution. According to intrinsic viscosity measurement Folders, Tager, Solomon-
Gotesman, and Arrhenius-Rother-Hoffmann's methods are good and so close to Higgins
method that is taken as standard. Also, the mean intrinsic value determined in this paper is
relevant to the calculation of intrinsic viscosity. Furthermore, it can be concluded that water is
an ideal solvent for xanthan gum which is confirmed by the Higgins constant which has a
value is about 0.48, and from the large value of intrinsic viscosity, also, the xanthan gum
molecule is not related to branching characteristics.
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