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Ultraviolet absorption spectra for cadoxene solutions of benzoyl-, 2-furoyl-,
2-furoylacetyl-, 3-(2-furyl)acryloyl-, 3,5-dinitrobenzoylcellulose, methyl 2,3,4,6-tet-
ra-O-(2-furoyl)-a-p-glucopyranoside, and octa-O-(2-furoyl)cellobiose have been
measured. The obtained spectral data were satisfactorily used in the determination of the
degree of substitution of the substrates. The chemical changes during the process of
dissolution of cellulose esters in cadoxene have been studied.

BbUIH CHATBI yNbTpadHONAETOBbIE CHEKTPbI NOriouleHus 6eHzown-, 2-¢pypouin-,
2-¢pypounauerni-, 3-(2-dpypun)akpwionn- u 3,5-THHHTPOGEH3OKILE/UIIONO3b, @ TaK-
Xe MeTun-2,3,4,6-tetpa-O-(2-dyponn)-a-D-riioKonupaHo3nna 1 okra-O-(2-dy-
ponn)Lenno6uo3bl NpH MCHONib30BAHAH KaloKCeHa Kak pacTBopurens. CnekTpanbHble
RaHHble GbUTH YCMEUIHO HCMONb30BaHbl AJIS ONpENe/IeHHs CTeneHH 3amellenns. Mccne-
HOBaHO XHMHKYECKOe BO3[EHCTBHE KaOKCEHA Ha alWIbHbIE MPOH3BONHbIE LEJTIONO3bI
BO BpeMsi HX PacTBOPCHHA.

The use of u.v. spectroscopy in the characterization of cellulose materials is
limited by the availability of suitable solvents. This lack has been partially
overcome by the development of a method which, taking advantage of the
Kubelka—Munk relations on the light absorption and scattering by solid substan-
ces, makes it possible to study solid samples [1]. The method has been widely used
in the evaluation of the discoloration of cellulose and recently Pol¢in and Rapson
[2, 3] widened still the application of the method by using it in the ultraviolet and
visible region for studying the discoloration of lignin.

Introduction of cadoxene (cadmium tris-1,2-diaminoethane hydroxide) and the
discovery of its solvation properties opened new possibilities for the use of u.v.
spectroscopy in the studies on cellulose materials. Cadoxene shows no absorption
in the region above 235 nm and, besides good solvation properties, it has little
degrading effect upon cellulose. Owing to these properties cadoxene has been used
in studies on pulp, cellulose and its derivatives by u.v. spectroscopy. In addition,
using cadoxene solutions u.v. spectroscopy has been applied in studying various
aspects of lignin—cellulose system [4—11] and in the determination of clarifiers
and dyes in cellulose [12—15].

In order to determine the degree of polymerization (DP) of cellulose Blair and
Cromie [16, 17] have investigated the u.v. spectra of cellulose derivatives with the
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modified aldehydo end group. The relation between the absorption coefficient at
the characteristic wavelength and the DP of cellulose phenylhydrazones,
phenylosazones, semicarbazones, thiosemicarbazones and oximes was studied.
Cellulose phenylosazones with a different DP showed a maximum absorption at
390 nm and the intensity of the absorption depended upon the number of end
groups, which could be used for the end group assay. Since in the presence of
oxygen the phenylosazones are oxidized the determination had to be carried out in
nitrogen. No linear dependence between the DP and the spectral data could be
found for other cellulose derivatives.

So far, cadoxene solutions of cellulose esters have not been investigated by
spectroscopy. In the present work attention has been focussed on the chemical
interaction of cadoxene with cellulose esters. Spectral properties of cadoxene
solutions of the corresponding carboxylic acids and their mixtures with cellulose as
well as cellulose esters have been studied with the objective to find a relation
between the found data and the degree of substitution (DS) of the cellulose
derivatives under investigation.

Experimental

Benzoyl cellulose |[18], 2-furoylcellulose, 2-furoylacetylcellulose, methyl 2,3,4,6-tetra-
-O-(2-furoyl)-a-p-glucopyranoside, octa-O-(2-furoyl)cellobiose [19—21], 3-(2-furcyl)acryloyicel-
lulose [22) were prepared as described. 3,5-Dinitrobenzoylchloride [23] was converted to 3,5-dini-
trobenzoylpyridinium hydrochloride and this was used for the preparation of 3,5-dinitrobenzoyicellulose
(DS 0.186) in the same manner as described for the preparation of 2-furoylcellulose [19]. Ca-
doxene (5.80% Cd) was prepared according to [7].

Ultraviolet absorption spectra were measured with Spektronom 203 (MOM, Budapest) instrument
using 1 cm cells. The sample was dissolved in cadoxene, diluted with an equal amount of water and
further dilutions were made by addition of a cadoxene—water mixture (1:1). Blank measurements
were done against a cadoxene—water (1: 1) mixture. When monitoring the spectral purity of cadoxene
itself the measurements were done against distilled water. All measurements were carried out with the
same batch of cadoxene.

Infrared absorption spectra were measured in KBr pellets (3 mg/g) with a double-beam UR-10
spectrophotometer (Zeiss, Jena).

The effect of cadoxene upon cellulose esters

The respective ester was dissolved in cadoxene at room temperature and left to stand for the time
indicated in Table 2. The solution was cooled in an ethanol—dry ice mixture and 5% hydrochloric acid
was added with stirring to neutralize 1,2-diaminoethane. The product was filtered, washed with water
and hot ethanol and, after drying, used for spectral measurements. The thus obtained data served for DS
calculations.
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Results and discussion

The spectral data found for the cellulose esters studied are listed in Table 1. The
spectra of cadoxene solutions of the corresponding acids showed that benzoic
acid absorbed in a region not suitable for the intended studies. 2-Furoic, 3-(2-fu-
ryl)acrylic, and 3,5-dinitrobenzoic acids displayed the same spectral characteris-
tics (An.x and a,) as the corresponding esters. The found data remained constant
during the period of two days. The identity of the spectra of the acids and esters
(the band intensities being dependent on the amount of the acyl groups) follows
from Fig. 1. The above-mentioned results indicated that the spectral data found for
cadoxene solutions of cellulose esters might be used for the calculation of DS.

The validity of the Lambert—Beer’s law for our substrates was ascertained by
running spectra of mixtures of cellulose containing known amount of the respective
acid. For all acids studied a linear dependence has been found between the actual
amount of the added acid and that calculated according to the Lambert—Beer’s
law, taking into account the absorbancy at 4., of the mixtures and the weight
absorption coefficient of the corresponding acid (Fig. 2).

Assuming that the cadoxene solutions of the esters have the same spectral
properties as the cellulose—acid miixtures, the spectral data found for the acids
were further used for the calculations of DS of the esters. The spectra of esters with
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Fig. 1. Ultraviolet absorption spectra of: a)
2-furoic acid; b) 2-furoylcellulose (DS 2.22); Fig. 2. The amount of the acids added to cellu-
¢) cellobiose ; d) cellulose ; e) 3-(2-furyl)acrylic lose vs. that found by calculation from the
acid; f) 3-(2-furyl)acryloylcellulose (DS 1.35); spectral data.
g) 3,5-dinitrobenzoic acid; k) 3,5-dinitroben- O 2-Furoic acid ; O 3-(2-furyl)acrylic acid ;
zoylcellulose (DS 0.186). A 3,5-dinitrobenzoic acid.
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the known DS were measured and, using the weight absorption coefficient of the
corresponding acid at the characteristic wavelength, the DS was calculated as
follows. When the number of moles of the acid in the ester X = A/a, M,.q, and the
number of moles of cellulose

A <Ma¢id - 17.008)

aw Macid
Y= E ]
Mccll.
then the degree of substitution
X A M.

DS =y = e M~ A(M..a— 17.008) *
where A is the absorbancy of the ester of a molecular weight M., at the
concentration ¢ [g dm™], 4, is the weight absorption coefficient of the correspond-
ing acid at A, [dm® g”' cm™'], and M, is the molecular weight of the respective
acid. For mixed cellulose esters and model saccharide derivatives the molecular
weight without the acyl residue is used in these calculations.

From the data in Table 1 a very good agreement can be seen between the
DS calculated according to the above equation and that found from the
weight increments. This holds for 2-furoyl-, 2-furoylacetyl-, and 3,5-
dinitrobenzoylcellulose as well as for methyl 2,3,4,6-tetra-O-(2-
-furoyl)-a-p-glucopyranoside and octa-O-(2-furoyl)cellobiose. When studying
the DP of cellulose phenylosazones Cromie and Blair [17] used cellobiose
phenylosazone as a model compound and found it not suitable owing to its low
absorbancy and also because cellulose itself absorbed in the region of the
absorbancy of the phenylosazone. In our case the cellobiose weight absorbancy
coefficient (Fig. 1) is virtually negligible when compared with the a, of oc-
ta-O-(2-furoyl)cellobiose and, thus, the method is well suitable for the DS
determination.

Anomalous behaviour was found for cadoxene solutions of 3-(2-furyl)acryloyl-
cellulose and the method proved to be not suitable for the DS determinations in the
whole range of DS. Good areement between the calculated DS and those
found from the weight increments were obtained in the range of low DS (~0.04)
whereas in the range of higher DS the calculated values were somewhat lower.
Therefore this ester was further examined. The spectrum of a cadoxene solution of
3-(2-furyl)acrylic acid remaining stable during two days indicated that the acid
was stable in this solution. The corresponding cellulose ester (DS 0.04) readily
dissolved in cadoxene and no difficulties were encountered during the DS
determination: a sample of this ester with DS 0.4 was also well soluble, the found
DS value, however, was lower than that determined in an independent way. Esters
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Table 1. Spectral data and DS of cellulose esters and model carbohydrate derivatives

(44!

(LL61) 9TI—BTT (1) I€ Nsaaz ‘way>

DS based DS calculated
Material on weight Fas P A s Mica from the
. nm gdm™-10 dm’g” cm
increment spectral data
2.670 0.293 0.67
0.70 1.525 0.498 0.72
2.000 0.741 0.80
0.85 1.568 0.623 0.88
2-Furoylicellulose 245 98.32 112.08
2.22 0.734 0.485 2,25
0.426 0.275 2.14
1.06 3.016 1.352 1.07
1.800 0.785 1.02
2-Furoylps1.0s)acetylps1.1)-
cellulose 1.06 245 2.575 0.830 98.32 112.08 0.98*
Octa- O-(2-furoyl)cellobiose 8.00 245 0.610 0.487 98.32 112.08 7.93*+
Methyl 2,3,4,6-tetra- O-(2-furoyl)-
-a-pD-glucopyranoside 4.00" 245 1.390 1.052 98.32 112.08 3.84%%+
3,5-Dinitrobenzoylcellulose 0.186 335 1.500 0.295 92.49 212.12 0.201
0.04 6.150 0.260 0.038
4.860 0.233 0.043
3-(2-Furyl)acryloylcellulose 0.42 1.420 0.398 0.27
1.220 0.370 0.30
0.68 295 1.350 0.420 145.50 138.11 0.31
1.35 3.150 0.812 0.24
1.62 0.938 0.691 1.07
0.948 0.705 1.08

y) Theoretical values; * M, 242.21; ** M, 342.30; *** M., 194.19.
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of still higher DS dissolved less readily, e.g. time required for complete dissolution
of samples with DS 0.68 and 1.35 was 21 and 70 hrs, respectively, and the DS
calculated according to the spectral data were considerably lower. The spectrum of
solution of 3-(2-furyl)acryloylcellulose was therefore taken again 24, 72, and
96 hrs after dissolution and a decrease of the band intensity from the original value
21.78dm* g"'cm™' to 20.10, 18.40, and 17.40 dm’ g™' cm™', respectively, was
observed together with the appearance of a shoulder at ~285 nm. Since precau-
tions against the presence of oxygen were not taken in those experiments its effect
upon the cadoxene solution of 3-(2-furyl)acryloylcellulose (DS 0.68) was studied
in such a way that air was passed through this solution for one, two, and three
hours. Under these conditions the band intensity at 295 nm decreased and a new
band was observed at 275 nm the intensity of which increased rapidly reaching the
value 52 dm® g™' cm™" after 3 hrs. The appearance of the shoulder at 285 nm and
of the new band at 275 nm indicated shortening of the conjugated system of the
3-(2-furyl)acryloyl residues by breaking the double bond in the side chain. This
could occur due to cross-linking of the 3-(2-furyl)acryloyl residues, similarly to
what was observed by u.v. irradiation of 3-(2-furyl)acryloylpoly(vinyl alcohol)
[24]. Moreover, grafting copolymerization and oxidation by air oxygen could also
occur. The decreased solubility in cadoxene may, possibly, be explained- by the
course of these reactions.

The studies on 2-furoylacetylcellulose show that the described method makes it
possible to determine acyl residues having an absorption at wavelength above
235 nm when other, not interfering, acyl groups are present.

The method for the DS determination of cellulose esters by u.v. spectrometry
was elaborated assuming that the behaviour of the solutions of the esters, as far as
the spectrometry is concerned, is comparable to that of mixtures of cellulose with
the corresponding acid. From this point of view it seemed interesting to ascertain
the general principle of the dissolution of cellulose esters in cadoxene. Chemical
pulp, the starting material for the preparation of the esters, dissolved rapidly and
was completely soluble in cadoxene; its spectrum is shown in Fig. 1. The esters
dissolved much more slowly. It is known that the formation of a cellulose—cadox-
ene complex, with which the process of the dissolution of cellulose in cadoxene is
associated, requires free hydroxyl groups at C-2 and C-3 of the p-glucose units
[25]. We have investigated the effect of cadoxene on 2-furoylcellulose (DS 1.06)
and 3,5-dinitrobenzoylcellulose (DS 0.186) during 60 and 80 min, respectively.
After the acyl derivatives were treated with cadoxene for the time indicated
cadoxene was decomposed with dilute hydrochloric acid, the separated product was
isolated, redissolved in cadoxene and the DS was calculated from the spectral data
obtained on such a regenerated sample. It follows from the found decrease of the
DS (Table 2) that cadoxene has a strong deacylating effect upon cellulose esters.
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Table 2

Deacylation of cellulose esters affected by cadoxene

Material Time A € . DS
min gdm™
5 0.497 1.283x107? 0.885
10 0.848 2.530%x 1072 0.693
15 0.940 3.601 x10°? 0.520
2-Furoylcellulose (DS 1.06) 20 0.364 1.639x 1077 0.410
30 0.508 3.299x 102 0.226
60 0.523 7.748 x 1072 0.106
3 0.416 5.8 x10°* 0.063
10 0.277 54 x10™* 0.044
3.5-Dinitrobenzoylcellulose (DS 0.186) 20 0.162 63 x107* 0.021
40 0.105 11.5 x10°* 0.007
80 0.028 145 x10°* 0.001

The dissolution of cellulose esters in cadoxene results in deacylation and
subsequent formation of a cadoxene—cellulose complex. The esters are virtually
completely deacylated and during the spectral measurements the resulting cadox-
ene solution behaves as a mixture of cellulose with the respective acid. The fact that
the esters only slowly dissolve in cadoxene, although the main portion of the acyl
residues is liberated relatively rapidly, remains unexplained.

.Deacylation of cellulose esters by cadoxene occurs under conditions milder than
are those applied when the DS is being determined by saponification with aqueous
sodium hydroxide. Under the latter conditions unwanted decomposition often
accompanies the process of deacylation, as a result of the excess of the alkali
applied, this being an important drawback when less stable cellulose esters, such as
those of the furan family, are the substrates. The DS found for 2-furoylcellulose
determined by saponification with aqueous sodium hydroxide was above the
theoretically possible value [26]. Therefore, our DS values for 2-furoylcellulose are
based upon either the weight increments or the content of the double bonds.
Another advantage in the determination of DS by spectroscopy lies in the fact that
the separation of the acids from the heterogeneous mixture with cellulose fibres,
normally required when the determination is done with aqueous alkali, is not
necessary.

Infrared spectra served as a useful complementary information in the present
study showing the presence or absence of the bands characteristic of the respective
functional groups. The sample of 2-furoylcellulose (DS 1.06) showed bands
corresponding [19, 20] to the 2-furoyl residues, 3-(2-furyl)acryloylcellulose
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Fig. 3. Infrared absorption spectra of : a) 3,5-dinitrobenzoylcellulose (DS 0.186); ) 3,5-dinitroben-
zoylcellulose recovered from its cadoxene solution (DS 0.001).

(DS 1.35) showed the same bands as found for samples of 3-(2-furyl)-
-acryloylpoly(vinyl alcohol) [24], 3,5-dinitrobenzoylcellulose (DS 0.186; Fig. 3)
showed bands at 3105 (C—H), 1750 (C=0), 1648 (C=C), 1557 (NO,), and
at 1352 cm™' (NO,).

The spectra of the material recovered from the cadoxene solutions of cellulose
esters showed no bands characteristic of the acyl residues which further supports
the deacylation effect of cadoxene upon acyl derivatives of cellulose.

References

. Kubelka, P. and Munk, F., Z. Tech. Phys. 12, 593 (1931).

. Pol¢in, J. and Rapson, W. H., Tappi 52, 1960, 1965 (1969).

. Pol¢in, J.. Papir a Celuloza 30. 7 (1975).

. Kaszynska, J., Przegled Papierniczy 29, 234 (1973).

. Jayme, G., Papier 12, 624 (1958).

. Smith, D. K., Bampton, R. F., and Alexander, W. J., Ind. Eng. Chem., Process Des. Develop. 2, 57

(1963).

7. Donetzhuber, A., Svensk Papperstidn. 67, 415 (1964).

8. Sjostrom, E. and Enstrom, B., Svensk Papperstidn. 69, 464 (1966).

9. Dence, C. W. and Bennet, D. J., Tappi 52, 718 (1969).

0. Chinchole, P. R., Residual Lignin in Dissolving-Grade Pulp. Tappi Dissolving Pulps Conf Atlanta,
1973; in ABIPC 45, 3714 (1974).

11. Krkoska, P., Suty, L., and Fellegi, J., Cell. Chem. Technol. 6, 496 (1972).

12. Achwal, W. B. and Gupta, A. B., Text. Res. J. 36, 939 (1966).

13. Ermolenko, I. N. and Pavlyuchenko, N. M., fonoobmen i sorbtsiya iz rastvorov, p. 121. Akad. Nauk
Beloruss. SSR, 1963; in ABIPC 35, 5292 (1965).

14. Achwal, W. B. and Narkar, A. K., Textilverediung 7, 19 (1972).

15. Rusznak, I., Tanczos, 1., and Sallay, P., Kolorist Ert. 15,2 (1973); in ABIPC 45, 2266 (1974).

N B WN -

1

Chem. zvesti 31 (1) 118—126 (1977) 125



16.
17.
18.
19.
20.
. Krkoska, P., Papir a Celul6za 30, V9 (1975).
22.
23.
24.
25.

21

P. KRKOSKA, A. BLAZEJ, K. KARAS

Blair, H. S. and Cromie, R., J. Appl. Polym. Sci. 16, 3063 (1972).

Blair, H. S. and Cromie, R., J. Appl. Polym. Sci. 18, 1187 (1974).

Rogovin, Z. A., Khimiya tselyulozy, p. 345. 1zd. Khimiya, Moscow, 1972.

Krkoska, P. and Hritzova, A., Papir a Celuloza 29, V2 (1974).

Krkoska, P., Jurasek, A., Kovac, J., and Hassmannova. M., Cell. Chem. Technol. 8, 345 (1974).

Singh, S., Hinojosa, S., and Jett, C. A., Jr., J. Appl. Polym. Sci. 14, 1591 (1970).

Vogel, A. 1., A Text-Book of Practical Organic Chemistry, p. 263. Green, London, 1948.
Minoru, T., J. Polym. Sci. 7, 259 (1969).

Bikales, N. M. and Segal, L., Cellulose and Cellulose Derivatives, p. 389. Wiley—Interscience, New
York, 1971.

26. Chatterjee, P. K. and Stanonis, D. J., J. Polym. Sci. 4, 434 (1966).

Translated by P. Kovaé

126 Chem. zvesti 31 (1) 118—126 (1977)



