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ABSTRACT

Photodegradation curve of carboxymethylcellulose (CMC) in aqueous solution has been
reported. Densities and solution viscosities of very dilute CMC salt solution before and after UV-
irradiation have been measured. UV-irradiation of CMC decreases the values of density, specific,
reduced and intrinsic viscosities, molar mass, hydrodynamic volume, expansion factor, real and ideal
chain dimensions of CMC in solution. In contrary, it increases the solute-solvent interaction and
decreases the solute-solute contact in the solution of degradable CMC.

Introductlion

Most of natural and non-protected synthetic or semi synthetic polymers undergo
photo- rheological change when exposed to ultraviolet (UV) radiation [1-5], a major cause of
such change is the main chain scission or crosslinking and, as a result, the molecular
dimensions of the polymer conformational state, also, change [2-5].
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CMC is one of those non-protected semi synthetic polymers [6, 7]. Although, the effects of
high-energy radiation on sodium carboxymethylcellulose were investigated, studies in photo-
rheology of CMC have escaped the attention of the workers [5,7- 10]. In our present
investigation, we report the effect of photolysis on real and ideal viscous behavior of CMC in
very dilute salt solution.

Experimental

Material and mother solution

The powder material of CMC supplied by local Libyan company (JOWF) and used
without further purification. Mother solution of 1 kg m™ concentration was prepared by
adding a known weight of the polymer to fixed volume of a double distilled water and
dissolving with magnetic stirring, giving a clear solution. Some extra double distilled water
was, then, added up to the required volume and the solution was divided to equal volumes.

UV- irradiation

Mother solution samples were irradiated in air at room temperature by a Low Pressure
Mercury Lamp, Type 93110, E27 of spectral lamp company, A = 185 nm and P = 6W. Each
sample was exposed to the UV-irradiation at same condition for different period of time.
Monitoring the change in each sample was immediately after irradiation, and at intervals
afterwards for the each sample, by using Ostwald-viscometric technique [11]. Irradiation
technique has been discussed in detailed elsewhere [5].

Dilute solutions

Each of non-degradable and final degradable samples (M; & M,, respectively) was
divided into ten parts. Equal amount of NaCl was added to each part with vigorous stirring.
Then some extra double distilled water was added up to the required volume.

Density and viscosity measurements

The measurements were taken as described elsewhere [12]. The accuracy of the
density and viscosity measurements was + 0.001% and + 0.015%, respectively. In addition,
measured values were expressed in terms of reduced (neq) and inherent (niy,) viscosities as
follows [11, 13]:

e = teme X peme / ts X ps; (1
Nsp =Ny - 1; (2)
Nred = Tlsp/ Cp (3
and

Ninh = In MNr / Cp (4)

where teme = the solution efflux time of dilute CMC salt solution, t; = the solvent efflux time
of 0.01M salt solution, pcme = the solution density of dilute CMC salt solution, ps = the
solvent density of 0.01M salt solution, neme = the solution viscosity of dilute CMC salt
solution, 1, = the solvent viscosity of 0.01M salt solution, 1, = the relative solution viscosity
of dilute CMC salt solution, and C, = the concentration ( in mass per volume) of dilute CMC
salt solution.
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Theoretical calculations

(i) values for relative average viscosity molar mass (<My>;) were calculated according to
Mark-Houwinck equation [14,15]:

M]=8.1x10°m’kg’ <My>"" (5
where [1] = intrinsic viscosity and <My>, = <My>/1g mol”,

(ii) hydrodynamic volume (Vy), root-mean-square end-to-end distance (<r*>"?
gyration (<s>'") were calculated according to Einstein equation [16]:

) and radius of

Vi =(2/5) [n] <My>/ Na (6)
and Flory equation [17]:
[n] = &<r>"%/ <My>, (7)

® is Flory viscosity constant (2.1 x 10%mol™) [14],

and Debye expression [18]:

<s?>172 = <212 1 (6)"2 respectively, (8)
(iii) hydrodynamic expansion factor (a), unperturbed root-mean-square end-to-end distance
(<r*>,'"®), unperturbed radius of gyration (<s™>,") were calculated according to Flory-Fox
relations [14, 17]:

M]=042x10° m kg <My>" o’ 9)
and
o = <>V <r2>0352:<sz>1f2/ <s?'>0]/3 (10)

(iv) real values for number of UV-scission (S) and degree of photodegradation () were
calculated as follows [1,4, 14]:

S=([nl/ )" 1 an
and
B=S/<DP>; (12)
<DP>=n/2 (13)
and
n=2<My>/M, (14)

where [n]i, [n]; are the real initial and final intrinsic viscosities (non-irradiated and irradiated
one), respectively; <DP> is the average degree of polymerization , n is number of bonds and
M, is the molar mass of CMC repeating unit, respectively; while the ideal corresponding
values were calculated as:

So = ( Mo/ Mo ) ' ~1 (15)

where [n],=[n]/o’. (16)
[n]o = ideal intrinsic viscosity;

and

Bo =S / <DP>.
(17)

Results and Discussion

The measured and calculated results are given in Figures (1-3) and Tables (1-4). The
degradation curve of Figure 1 demonstrates the progress of UV scission on the chain of CMC
in water. It suggests that the UV-irradiation had a very marked scission-in effect up to 270
min, whereas no more effect is observed after such exposure time [1-5].

Figures 2 and 3 show typical plots of density and reduced or reciprocal inherent
viscosity values against concentration, respectively; all being increasing linearly over the
dilute concentration range involved. On the other hand, the rate of increment in these values
after UV-irradiation is less than in those before UV-irradiation. The linear plots of Figure 2
reflect the free volume reduction in an ideal dilute salt solution of CMC before and after UV
irradiation {19,20]. Figure 3, also, reflects such reduction and, in addition, indicates the
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absence of chains entanglement [19,21,22] for CMC in dilute salt solution. Thus both Figures
(2 and 3) demonstrate the effect of solvation sheath which leads to an increase in the size of
CMC molecule and, consequently, to an increase in the values of the mentioned viscosities,
with increasing concentration [19].
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Figure 1: Efflux time changes for CMC in water with UV-exposure time at 25 °C
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Figure 2: Linear increase of density with inereasing concentration for dilute CMC salt
solution before and after UV-irradiation at 25 °C
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Figure 3: Linear increase of reduced or reciprocal inherent viscosity with increasing
concentration for dilute CMC salt solution before and after UV-irradiation at 25 °C

Table 1: Intrinsic viscosity and related parameters for CMC in salt solution before and

after UV-irradiation at 25°C.

Sample | [n)/10° m® kg’ ky/ 1072 ki/ 1072 <My>,
M; 2352.74 47.39 10.55 867241.65
M, 469.73 41.62 11.70 150511.19

Table 2 : Hydrodynamic volume and real chain dimensions for CMC in salt solution
before and after UV-irradiation at 25°C.

Sample Vi 108 m? <>/ 10% m <s>"2710% m
M; 1.36 213.39 87.11
M, 0.05 69.57 28.40

Table 3: Expansion factor and ideal chain dimensions for CMC in salt solution before
and after UV-irradiation at 25°C.

Sample a <r>,"2/10%m <s>>,"27/10% m
M; 1.82 117.33 47.90
M, 1.42 48.88 19.96
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Table 4: Scission and related parameters for CMC in salt solution before and after UV-
irradiation at 25°C,

Sample S p/ 107 So Bo /107
M; 0.00 0.00 0.00 0.00
M, 4.76 0.77 0.56 0.09

The intrinsic viscosity before and after UV-irradiation in Table 1 was each taken as
the average ordinate intercept for the straight lines drawn through the two sets of points in
Figure 3; their slopes are related to one another in accordance with the mutually related
equations of Huggins form [23]:

Tred = [1] + kn [n]* Cp (18)
and Kraemer form [33]:
Inme/ Co=[n] - ke I Cp (19)

where ky, and ky are the Huggins and Kraemer constants, respectively.

Consideration of results in Tables (1-3) shows that the values of perturbed and
unperturbed intrinsic viscosity, chain dimension and their related parameters for CMC in
dilute salt solution are grater than those of UV-irradiated one. This could be attributed to the
marked scission effect on the polymer chain which is demonstrated in Table 4. Indeed Table
4, also, reveals the fact that the photodegradation effect on perturbed CMC is higher than the
unperturbed one. This could be ascribed to the reduction in the osmotic swelling of CMC
chain by the solvent-polymer interactions and, consequently, to the exclude volume effect
due to the compact nature of the unperturbed polymer [25-28], as it appears in the higher
value of CMC expansion coefficient, compared with the degradable one.

Further consideration of results in Tables (2-4) indicates that the polymer in dilute
salt solution has a more extended configuration than the degradable one due to the greater
solute — solvent interaction, since the chain dimensions in Tables 2 and 3 are a convenient
index of the polymer configuration and of its domain in space [25-28]. This would accord
with high values of Huggins and reciprocal Kraemer constants, Table 1, for CMC, compared
with the degradable one. Moreover, each of these interaction coefficients reflects how far the
viscosity of the system increases with increase of polymer concentration, which 1s due to the
interaction of the neighbouring chains [12,23,24]. Thus for the CMC in dilute salt solution,
the solute — solute contact is greater than for the degradable one and consequently, for
irradiated CMC, the solute — solvent interaction is grater than the non-irradiated one [14,25-
28].

Conclusion

CMC in water undergoes chain scission in presence of ultraviolet radiation in air. The
period of exposure time has considerable influence on the amount of scission and
consequently on the length of CMC in water. Characterization of density and viscosity of the
polymer in very dilute concentration domain before and after uitraviolet irradiation reveals the
fact that UV-irradiation of CMC induces degradation which is in turn decreases the mass,
size, extension configuration, solute-solute contact and increase the solute-solvent
interpretation.
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