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Synopsis

Complex formation between zine (5 X 10~2-5 X 10~4M) and cellulose xanthate and
its effect upon the rate of dexanthation by 0.25M sulfuric acid were studied. The de-
terminations were based on spectrophotometric measurements on dilute solutions of
cellulose xanthate with y-numbers from 140 to 30. The results showed that the ten-
dency of the xanthate groups to enter into complexes with zinc increased as the y-number
decreased. The stabilization toward decomposition by acid produced by complex
formation was also found to vary with the y-number and was much smaller at low than
at high y-numbers. These findings indicate that cellulose xanthate, because of local
differences in the steric arrangement of potential ligand groups along the molecule, can
form a whole set of zinc complexes, differing in thermodynamic stability and reactivity
toward acid.

INTRODUCTION

The fact that zinc sulfate has a profound effect upon the fiber formation
process during viscose spinning has been known since the introduction by
Napper!in 1911 of Miiller-type spinning baths containing zinc. The mech-
anisms by which zinc sulfate exerts its action are, however, still incom-
pletely understood. This is due in part to the fact that zine has an effect
upon most of the concomitant physical and chemical processes that occur
during viscose spinning, so that the effect of zinc becomes strongly depen-
dent upon the spinning conditions. It is, however, also due tolack of basic
knowledge about the equilibrium between zine and cellulose xanthate and
the kinetics of the acid decomposition of zinc cellulose xanthate.

Most previous studies concerned with the role of zine in viscose spinning
have been carried out by measurements on spinning filaments of various
diameters.2® As the overall spinning process is composed of interrelated
physical and chemical processes, experiments of this type are not suited for
the elucidation of an individual chemical step. The kinetics of the de-
composition of zinc cellulose xanthate has been studied by Chikowski®®
using model filaments obtained by coagulation of viscose in saturated
sodium sulfate and by Grobe, Jost, and Klare!! using model filaments as
well as slurries of zinc cellulose xanthate. By spectrophotometric measure-
ments on thin films, Phifer!? demonstrated the presence of a complex be-
tween cellulose xanthate and zinc and followed the acid decomposition of
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zinc cellulose xanthate. Even with this film technique, it is likely that the
rate of the overall process is partly determined by the rate of diffusional
processes.

In a previous paper, some results from a study of complex formation be-
tween zinc and cellulose xanthate using spectrophotometric measurements
on dilute xanthate solutions were reported.!* It was found that cellulose
xanthate showed a strong tendency to enter into complexes with zine. The
results also indicated zine to have an even greater stabilizing effect on the
acid decomposition than that expected from the extent of complex forma-
tion. This previous study was rather preliminary, however, and the results
did not permit a full discussion of the complex formation or the kinetics of
the decomposition in the presence of zinc. In order to elucidate these ques-
tions further, the study was extended in the present work to cover a wide
range of concentrations of zinc and xanthate samples with a wide range of
y-numbers (100 DS).

EXPERIMENTAL
Cellulose Xanthate

Cellulese xanthate with a high degree of substitution was prepared ac-
cording to Geiger and Weiss.* The freshly prepared viscose was divided
into samples, each of which provided sufficient viscose (5 to 10 g) for one
experiment. The samples were stored in small plastic cups at —30°C.
From the frozen samples, dilute solutions of cellulose xanthate, free from
interfering viscose by-products, were prepared as previously described.!
The y-number of this viscose was 138. As determined according to Dolby,
Dunbrant, and Samuelson,'® 509, of the xanthate groups were primary.
The y-number of each cellulose xanthate sample was determined spcetro-
photometrically.”

Solutions of cellulose xanthate of lower y-number were obtained from the
highly substituted viscose by ripening or by partial decomposition by acid.
Ripening was carried out at a cellulose concentration (0.069;) low enough
to prevent rexanthation.’®:** TImmediately before use, the ripened solutions
were purified by allowing them to pass through a column containing a
strongly basic anion exchange resin in hydroxide form (Dowex 2-X 8, OH ).

Partial decomposition by acid was carried out by making a purified solu-
tion containing highly substituted cellulose xanthate 2.0M with respect to
hydrochloric acid. After a predetermined length of time, a solution of
sodium hydroxide, sufficient to make the solution slightly alkaline, was
suddenly added. The clear solution was diluted with water and used in the
experiments without further treatment.

Spectrophotometric Measurements

In zinc-containing acid media, the xanthate groups are present as three
different species: undissociated free xanthic acid groups (HX), dissociated
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xanthate groups (X), and complexed xanthate groups (ZnX). The relative
amounts of these species were determined spectrophotometrically, using a
Beckman DB-G spectrophotometer provided with: a lin/log recorder (Beck-
man Model 105) and a stopped-flow apparatus, similar to that previously
described.!? The latter contained two motor-driven syringes by means of
which a dilute solution of cellulose xanthate and an acid solution were
simultaneously fed to a small mixing chamber connected to a flow cell
(Hellma 176-Q8S). The capacity of the cell was 0.5 ml, which eorresponded
to a calculated mean residence time in the cell of 0.28 sec. The recorder
traces obtained showed the absorbance of the reaction mixture under
steady-state conditions in the flow cell, as well as the decrease in the ab-
sorbance during the decomposition (after the flow was stopped). The
absorbance values were corrected for turbidity as previously described.
All measurements were carried out at 25°C.

The molar absorptivity of the complexed xanthate groups was determined
using the extrapolation method previously described.’® Since the absorp-
tion bands of dissociated and complexed xanthate groups almost coincide,
these measurements had to be carried out in the presence of acid.!?

It should be possible to determine the relative amounts of the three xan-
thate species (HX, X, and ZnX) from absorbance measurements at three
wavelengths if the appropriate molar absorptivities were known. The
molar absorptivities, however, are known to be slightly different for differ-
ent samplés of cellulose xanthate.152  Because of this, and of the fact that
the absorption bands of two of the species (X and ZnX) overlap, such a
straightforward determination would be likely to give seriously erroneous
results. Inthis work, therefore, the extent of complex formation was calcu-
lated from the spectral shift produced by substituting zine for magnesium,
under the assumption that the degree of dissociation, [X]/([HX] + [X]),
was independent of the presence of complexed xanthate groups and that
magnesium sulfate exerted only a normal salt effect.?-13  All measruements
were carried out in the presence of acid, that is, under conditions such that
complex formation was accompanied by a large spectral shift.’¥ The caleu-
lations were carried out by solving eq. (1), (2), and (3) for two sets of ab-
sorbance data, one obtained by measurement on zince-free and the other on
zine-containing xanthate solutions of equal acidity, ionic strength, and
y-number:

A(276) = (1200a; + 96000; + 259003) b[X ], 1)
A(303) = (15900a; + 12000; + 11700a3) b[X ] (2)
l1=o1+ o+ a3 (3)

Where A(N) refers to the absorbance of the solution at the wavelength
given within parenthesis; a1, as, and a3 are the fractions of dissociated (X),
free acidic (HX), and complexed (ZnX) xanthate groups, respectively;
b is the optical path length of the cell; and [X]y is the total concentration
of xanthate groups. The coefficients are molar absorptivities for the dif-
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ferent xanthate species as determined previously or in the present work.®
From measurements in zinc-free media (a; = 0), the degree of dissociation,
a1/ (a1 + az), was first calculated. This value was then used to calculate
a1, o3, az; and [X ], from absorbance data obtained by measurements in the
presence of zine. The numerical calculations were carried out on a UNI-
VAC 1108 digital computer.

RESULTS AND DISCUSSION
The Molar Absorptivity of Complexed Xanthate Groups

Results from the determination of the molar absorptivity of xanthate
groups complexed with zinc are shown in Figure 1. The underlying experi-
ments were carried out in the presence of 5 X 10—3M sulfuric acid, using a
sample of y-number 51 obtained by ripening of the highly substituted cellu-
lose xanthate. Except at the highest concentration of zine (1M), the
solutions contained zinc and magnesium sulfate in a total concentration of
0.5M. From the ordinate intercepts, the molar absorptivities were calcu-
lated, assuming the molar absorptivity of the dissociated xanthate group
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Fig. 1. The absorbance A(\) of weakly xanthate solutions containing zinc sulfate at

(Q) 303, (A) 298, and () 276 nm in relation to the absorbance at 303 nm of the corre-
sponding alkaline xanthate solutions, 4x (303),

(X) at 303 nm to be 15900 cm 1./mole.” The values at 276 and 303 nm
were introduced in egs. (1) and (2). The molar absorptivity at the absorp-
tion maximum of the complexed groups (298 nm) was calculated to be
12300 cm 1./mole. = This and the other values are slightly lower than those
obtained by Phifer!? using a quite different method. Similar measurements
carried out on other xanthate samples and at a higher concentration of sul-
furic acid (0.02}), however, gave results in good agreement with those
reproduced in Figure 1.

Complex Formation with Cellulose Xanthate of Various y-numbers

Complex formation with zinc was studied using cellulose xanthate sam-
ples of various y-numbers. Most of the experiments were carried out using
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Fig. 2. Relative amounts of the different xanthate species (X, (O) (®); HX, (D)
(m); ZnX, (A))in solutions of cellulose xanthates of various y-numbers, containing 0.25M
sulfuric acid and 0.05M magnesium sulfate (open symbols) or 0.05M zinc sulfate (filled
symbols).

xanthate solutions containing 0.25M sulfuric acid and zinc and magnesium
sulfate in a total concentration of 0.05M. These conditions are similar to
those used in some recent viscose spinning processes. 2!

As previously shown, addition of even a small amount of zine sulfate to
an acid solution of cellulose xanthate produced a large displacement of
the absorption spectrum of the solution. This could be explained by com-
plex formation between zinc ions and xanthate groups.!* In the present
work, this effect of adding zinc was found to be quite different with xan-
thate samples of varying y-numbers. This can be illustrated by the follow-
ing example. By exchange of 0.05)/ magnesium sulfate for 0.05M zinc
sulfate, the absorbance ratio 4(303)/A4(276) changed from 0.27 to 1.40 for
a xanthate with y-number 138, whereas the corresponding change was from
0.27 to 2.65 for a xanthate with y-number 40. The ability of the xanthate
groups to complex with zine thus seems to increase with a decrease in the
y-number.

Figure 2 gives the relative amounts of the different xanthate species as
determined in the presence and absence of zinc for a series of xanthate
samples of various y-numbers, obtained by ripening of a highly substituted
xanthate. It is evident that the fraction of complexed xanthate groups,
when compared at equal conditions, increased considerably as the y-number
decreased. TFigure 2 also shows that at the concentration of acid used, the
fraction of dissociated xanthate groups was low. The error eventually
introduced in the calculations by assuming the degree of dissociation to be
independent of the presence of complexed xanthate groups should accord-
ingly be negligible.

As seen from Figure 3, the fraction of complexed xanthate groups was
found to vary with the y-number in the same manner at widely different
concentrations of zinc and, hence, at different extents of complexation.
The effect was thus not peculiar to a certain system and must consequently
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TABLE 1
Distribution of Xanthate Groups Between Primary (vs) and Secondary (y2.3)
Hydroxyl Groups During Ripening of a Highly Substituted Viscose at a
Cellulose Concentration of 0.06%,

Ytot 138 110 92 81 72 64 55
s 82 80 76 72 69 64 55
2.8 56 30 16 9 3 0 0

10, [ZnXl/fX]T
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Fig. 3. Fraction of complexed xanthate groups at different concentrations of zinc in
the presence of 0.25M sulfuric acid as determined on ripened samples (filled symbols)
or during decomposition by acid (open symbols):- (O) (@) 5 X 10—4M ZnSO0,; (O) (m)
5 X 1073M ZnS0,; (A) (A)5 X 10-3M ZnSO,.

be ascribed to a change in the inherent properties of the cellulose xanthate.
Besides results from experiments with ripened cellulose xanthate, Figure 3
includes results from measurements carried out during decomposition by
acid in the presence of zinc. From the results given, it is evident that the
tendency of the xanthate groups to enter into complexes with zinc varied
with the y-number in the same manner irrespective of whether the +-
number was decreased by ripening or by decomposition by acid.

Under the ripening conditions used, the secondary xanthate groups were
split off at a much higher rate than the primary xanthate groups.® This
can be seen from the results given in Table I. Similar differences in the
reactivity between different types of xanthate groups toward decomposition
by acid do not seem to exist.®* From this, and a comparison between the
results given in Figure 3 and Table I, it is obvious that the observed effect
cannot be ascribed to a difference in the complex formation ability of pri-
mary and secondary xanthate groups. It must be suggested, therefore,
that it was the decrease in the density of xanthate groups along the macro-
molecular backbone per se, which was responsible for the observed increase
in the fraction of complexed xanthate groups. Such a variation can be
explained if it is assumed that a large set of complexes can be formed be-
tween a zine ion and a xanthate group, and that these complexes may differ
in stability because of differences in the steric arrangement of neighboring,
potential ligand groups such as hydroxyl or xanthate groups. According
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TABLE II
Fraction of Complexed Xanthate Groups in Samples of Cellulose Xanthate Obtained by
Partial Dexanthation by Ripening or by Decomposition with 2 HCl»

[ZnX]/[X]y
Ripened Decomposed by acid
v a b a b
138 0.56 0.30
72 0.75 0.52 0.70 0.46
30 0.81 0.65 0.77 0.55

¢ As determined in the presence of 0.25M sulfuric acid and (a) 0.05M ZnSO, or (b)
0.005M ZnSO,.

to this explanation, the results suggest that the most stable complexes
would be those in which the zine ions can coordinate both a xanthate group
and one or more hydroxyl groups.

According to results previously reported, ripening and partial decomposi-
tion by acid produce cellulose xanthates with their xanthate groups differ-
ently distributed along the molecules.?® In view of the explanation sug-
gested, ripening and decomposition by acid would be expected to give xan-
thates with different complex formation properties. . As seen from Figure
3, however, significant differences of this type did not appear under the
experimental conditions used. Results from other experiments, in which
the partial decomposition by acid was carried out at much higher acidity
(2M HCI), showed that the different distribution of the substituents along
the molecules in ripened samples and in samples decomposed by acid had
consequences for the complex formation ability of the xanthate groups.
This can be seen from the results presented in Table II.  As will be evident
from the discussion in the next section, the samples compared in Table I1
showed quite different decomposition behavior in the presence of zine.
The results obtained thus lend some support to the explanation offered.
In this case, with the samples decomposed by acid, the measurements were
carried out on solutions containing some chloride ions, and the activity of
zine, therefore, would be slightly lower than in the experiments with the
ripened samples. According to available stability constants?? and the
observed dependence of the fraction of complexed groups on the concentra-
tion of zine, the effect of complex formation between zinc and chloride
should be too small to obviate the significance of the observed effect.

Kinetics

Figure 4 shows the effect of increasing amounts of zinc upon the rate of
decomposition in solutions containing 0.25M sulfuric acid. The fraction
of complexed xanthate groups, as well as the retarding effect of zinc ob-
served in the experiment at 0.005M zinc sulfate, are in excellent agreement
with previous results from experiments with a freshly prepared viscose of
about the same y-number (see Table I1, ref. 13).
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Fig. 4. Decomposition of a sample of ripened cellulose xanthate (vo = 72) in 0.25M
sulfuric acid free from zinc (A) or containing 5 X 10~¢M (@), 5 X 10~3M (®), or 5 X
10-2M (A) ZnSO,.
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Fig. 5. Decomposition of freshly prepared (yo = 138) and ripened samples of cellulose
xanthate in 0.25M sulfuric acid free from (open symbols) or containing 0.05M zine
sulfate (filled symbols): (A) (&) vo = 138; (O) (@) yo = 72; (V) (¥) vo = 47; (O) (W)
Yo = 27.

In the presence of zine, the course of the decomposition differed from
that of a first-order reaction. This can be seen from the increase in slope
(negative) with time of reaction shown by the pertinent curves in Figure 4.
Similar results were described in a previous paper, in which it was suggested
that the deviation from a first-order reaction was due to a decrease in the
fraction of complexed groups, as the local concentration of xanthate groups
decreased during the decomposition.!®* As seen in Figure 3, however, the
fraction of complexed xanthate groups increased rather than decreased
during the decomposition. The explanation previously offered, therefore,
cannot be correct.

In order to further clucidate the influence of zinc upon the decomposi-
tion kinetics, the retarding effect of certain amounts of zinc was studied in
experiments with samples of varying y-number. Examples of results from
this type of experiment are shown in Figure 5. Although the rate of de-
composition in the absence of zinc was different with the different samples,
an examination of the results will clearly show that zinc exerted a more
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Fig. 6. Decomposition of cellulose xanthates in 0.25M sulfuric acid containing 0.05M
zinc sulfate: (A) freshly prepared xanthate, yo = 138; (O) freshly prepared xanthate,
partially decomposed by acid, yo = 30; (O) freshly prepared xanthate, partially de-
composed by ripening, vy, = 27.

pronounced retarding effect with samples of high y-number, i.e., with
samples having a lower content of complexed xanthate groups. Evidently,
the tendency of the xanthate groups to enter into complexes with zinc and
the stability of the complexes formed toward decomposition by acid varied
in opposite directions with a variation in the y-number.

Except at the highest y-number, the samples used in the experiments to
which Figurc 5 refers contained almost exclusively primary xanthate
groups. The variation of the stability of the complexed xanthate groups
with the decrease in the y-number during ripening can thus not be ascribed
to the concomitant increase in the relative amount of primary xanthate
groups (cf. Table I).

Results suggesting that the distribution of the substituents along the
macromolecular backbone is an important factor in determining the extent
of stabilization produced by complexation with zinc are shown in Figure 6.

_These results show that in the presence of zinc, a sample with a y-number
of about 30 decomposed at a much lower rate if it was prepared from a
highly substituted xanthate by partial decomposition by acid than if pre-
pared by ripening. Evidently, in the complexed form, randomly distrib-
uted xanthate groups, such as those obtained by ripening of a highly sub-
stituted xanthate at low cellulose concentration, have a higher reactivity
than nonrandomly distributed xanthate groups such as those obtained by
acid decomposition.?

As ripening of a technical viscose results in both a decrcase in the -
number and a redistribution of the xanthate groups along the molecules,
zine would be expected to exert a stronger inhibitory effect during spinning
of a freshly prepared viscose than of a ripened viscose. Previous results
from spinning experiments in the presence and absence of a small amount
of zinc are in agreement with this expectation.!?

It is noteworthy that the large difference in reactivity shown by the two
samples with y-numbers of about 30 (Fig. 6) was not accompanied by a cor-
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Fig. 7. Values of (1 — as)kia/(1 — az)eq for cellulose xanthates of various y-numbers
in solutions containing 0.25 M sulfuric acid and 0.05 M zinc sulfate (O) or 0.005Mzinc
sulfate (A), and the fraction of substituted glucose residues, p(- - -), which have an un-
substituted neighbor.

responding difference in the extent of complexation. Asshown in Table I1,
at the beginning of the reaction period, the ripened sample had 819, of its
xanthate groups present as complexed groups, which can be compared with
779 for the other sample and 569, for the original, highly substituted xan-
thate. Obviously, the influence of zinc upon the kinetics of the dexantha-
tion process is fairly complicated and is determined by factors other than
those determining the extent of complexation.

It seems to have been common practice to assume that the rate of de-
xanthation decreases in proportion to the extent of complex formation.?-1323
The present results indicate this approach to be unreliable. It may be
convenient, however, to discuss the inhibitory effect of zinc in terms of a
kinetically apparent extent of complex formation. If, for this purpose, it
is assumed that the complexed xanthate groups. are stable toward decom-
position by acid, the ratio between the rate of decomposition in the presence
of zinc to that in the absence of zinc should give the fraction of xanthate
groups not engaged in complex formation with zinc. It should thus be
possible to write

[(dv/dt)za/(dY/db)ue], = (1 — as)uin 4

where the subscript v indicates that the reaction rates are measured at
equal y-numbers.

Values calculated according to eq. (4), using initial rates of reaction
determined in experiments with ripened samples, are compared in Figure 7
with corresponding values designated (1 — a3)eq, calculated from the
spectra of the reaction mixtures according to egs. (1)-(3). Results from
measurements at two different concentrations of zine, 5 X 10-2and 5 X
10—3M, have been included in the diagram. The results obtained at a still
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lower concentration of zinc (5 X 10—4M), where the stabilization was com-
paratively low, showed the same general appearance, though with more
scatter.

It is evident from Figure 7 that the ratio (1 — as)xin/{1 — a3)eq deviates
from unity, which implies that a determination of the fraction of complexed
xanthate groups from a comparison of reaction rates would give erroneous
results in most instances. At low y-numbers, even a fairly high extent of
complex formation could be completely overlooked, whereas at high v-
numbers the kinetic approach would result in an overestimate of the frac-
tion of complexed groups. The present results might thus offer an explana-
tion for some of the contradictory conclusions arrived at in previous in-
vestigations on the role of zinc in viscose spinning. :

The observation that (1 — a3)kin/(1 — a3)eq was considerably larger
than unity at low y-numbers would mean that zinc could be expected to
influence the fine structure of viscose rayon filaments spun in the presence
of zine, even in those cases in which a retardation in the rate of dexanthation
could not be observed. An obvious mechanism by which this influence
can be exerted is by way of complex formation with xanthate groups on
different molecules.?4—%

At high y-numbers, the ratio (1 — a3)xin/(1 — o3)eq Was found to be
smaller than unity (Fig. 7). This would mean that the complexed groups
were completely stable and, furthermore, exerted a stabilizing influence
upon neighboring uncomplexed xanthate groups. This conelusion is in
agreement with results from preliminary measurements reported in a
previous paper.'s It also offers a partial explanation for the observation
that zinc exerted a stabilizing effcct during spinning which, according to
the kinetic approach and the observed contents of zinc in the spinning
filaments, corresponding to an apparent coordination of more than four
xanthate groups per zinc ion.'?

As discussed in connection with Iigure 6, the variation of (1 — a3)kin/
(1 — as)eq With the y-number must be connected in some way or the
other with the distribution of the substituent along the molecules. In
Figure 7, a curve has been included which gives the fraction p of randomly
distributed primary xanthate groups positioned at anhydroglucose units.
having at least one unsubstituted neighboring anhydroglucose unit. At
y-numbers below about 70, this curve would apply fairly well to the
ripened samples used in the actual experiments. As can be seen, this
curve and the curve representing (1 — as)xin/(1 — as)eq have simlar
shapes, indicating that the prescnce of neighboring unsubstituted an-
hydroglucose units increases the reactivity of the complexed groups,
while, at the same time, it increases the tendency of the xanthate groups
to enter into complexes with zinc (cf. Fig. 3).

It seems to be more plausible to assume that hydroxyl groups on neigh-
boring anhydroglucose units have a destabilizing effect upon the complexed
xanthate groups than to assume a pronounced stabilizing effect of com-
plexed groups on neighboring xanthate groups. However, the results
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do not permit an elucidation of the mechanism by which neighboring
unsubstituted anhydroglucose units exert their action.

We are indebted to Mr. 8. Géransson for supplying the viscose used in preliminary
experiments and to Dr. R. Simonson for supplying alkali cellulose.
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