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Recently, a new solvent-system for cellulose, utkmg dunethyl sulfolrde @le,SO\ 

and pdraformnldehyde, was ducovered at The Institute of Paper Chemwtry”’ It has been 
demonstrated that rhe mechamsm whereby cellulose dissolves m rhls system IS dependent 
m past, on the formatlon of a hermacetal derlvatlve “methylol cellulose”“2 Thermal de- 

composltlon ot parsformaldehyde senerates formaldehyde, a portlon of whch reacts 
with hyddroyyl z~oups of ceIluIose, especlalIy * 3 those at C-6 Despite previous mdlcatlons 

that Me,SO 1s the only solvent for methyl01 cellulose 47i further mvestlgatlon of the , 

mechdmsm of formatlon of methyl01 cellulose has shown that methylal celiulose mav also 

be prepared and dissolved m polar aprotlc solvents other than Me,SO 
We now report that cellulose mav be dissolved by the action of formaldehyde m 

pyrlame NJ-dlmethylformamlde (DMF) N,N-dImethylacetamLde (DMA), N-meth+?- 
pyrrohdmone (NW). and tluolane I-oulde (tetramethylene sulfoxlde, TMSO) These 

solvents hake the common character1stlcs of bemg poiar, aprotlc, and good hydrogen-bond 

acceptors The aprotlc nature of the soivents IS essential, as formaldehq de undergoes addl- 

tlon redLtlons w&h most protlc solvents’ The poldr nature of the botvents is important u1 

the dlssolurlon process 
In order for cellulose to dissolve the solvent must penetrate and swell the cellulose 

structure, even the h@hly ordered, crystaihne regions Prlmarlly because of theu dipoles, 

the foregomg solvents are good hydrogen-bond acceptors and are able to mteract effectne- 

Iy with hydrouyl groups of the cellulose and thereby disrupt mtermolecular hydrogen- 

bondmg In addltlon, these solvent molecules are relatively small and can penetrate the ceI- 

lulose structure more read& than bulky molecules 

Interaction of the solvent with formaldehyde also appears to be very Important II\ 
these systems The dlpolar nature of monomeric formzddehyde presents the posslbd~ty for 

dipole-dipole mteractlon between the orsamc solvent and formaldehyde_ Such mterac- 
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~JOIIS would be expected to enhance retention of formaldehyde 117 solution, and would 
mamtam It in a h@ly reactive state A 1 1 formaldehyde-pyndme complex has previously 

been dated* Sumlar mteractrons have also been postulated as berng rmportant In other 
cellulose solvent-systems9 

Solutions of methyl01 cellulose m the’new solvents have been prepared by two 
shghtly different expenmenta: techniques Such solutions may be prepared m all of the 
solvents by bubbhng forma1dehyde gas mto a stirred slurry of celluIose m the orgdmc 
solvent The slurry JS kept at the desired temperature , generally SO-90”, In an 011 bath, and 

formahiehyde 1s generated by thermal decomposltlon of paraformaidehyde m an external 
flask Over this temperature range, solutions are generally lumted to a maxunum concentra- 

tion of l--2% oFcellulose AlternatIvely, m DMA, NMP, and TMSO, solutions of methqlol 
cellulose may also be prepared as previously described for Me$O’ * Paraformaldehyde, 
which has a suitably low decomposltlon-temperature, IS added directly ro the stirred slurry 

of cellulose, which IS heated to 120--125” By this procedure, solutions of 5% cellulose cot- 
ton Imters, and 10% solutions of cellulose Ravmg a iower d p (i!f& 275) have been prepared 

In Me,SO and TMSO, It JS possible to obtam even greater concentrations CeIluIose sofu- 
trons may be prepared over a range of temperatures However, when the source of form- 

aldehyde IS paraformaldehyde added directly to the system, temperatures greater than 
-110” are generd11y required to ensure effective thermal decomposition of para- 
formaldehyde 

It was shown ear1lerJ*2 that > when the Me,SO-paraformdldehyde solvent-system 

1s used to form methyl01 cellulose, -1 mol of formaldehyde IS bound per mol of glucose: 

residues, after freeze-drymg Prehmmary charactenzatlon of the methylol celluloses 
generated m the new solvents mdlcares that there may be substantial differences m the 

molecular substltutlon (m s ) of the denvatlve when the solution JS prepared at 80° 

as compared to 1 IO0 We have found that the m s of the methyl01 cellulose can be as hi& 

as h-20 The hgh vaIues are obtamed at the lower dlssolutlon temperatures where form- 

aldehyde gas 1s bubbled mto the solution and the solution 1s cooled unmedlateiy after dls- 

solution Prolonged heating or exccsslve temperatures can result m t!ze loss of bound form- 
aldehyde and ultimately m the regeneration of unsubstltuted cellulose At lower tempcra- 
cures, when extended polyoxymethylene slde-chams are formed gel formatlon occurs more 
readliy, thus IunItIng the maxunum concentration of cellulose obtamabie A large m s , 
because of low dlssolutlon temperatures, probably accounts for the lumted concentratiors 

of cellulose observed by Seymour and Johnson m the Me,SO-paraformaldehyde system4 

The presence of the methyl01 substltuents can be confmed and the m s deter- 

mmed for some of these systems by n m r-spectral analysis of the tnacetate AcetyIatlon of 

the methyl01 substltuents prevents their loss durmg lsolatlon of the polymer by preclplta- 
tlon m water Complete acetylatlon of the methylol hydrolyl groups and unsubstltuted 

hydroxyl groups of D-&ICOSZ, as mdlcated by the lack of OH stretch m the J r spectra, 1s 
readily accomphshed m the pyndme, DMF, DMA, and NMP systems by usmg acetIc 
anhydnde-pyrrdme In the sulfoxlde systems, however, treatment wrth acetic anhydnde re- 
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sults III such undesirable side-reac ions as oxldatlon of the cellulose’Og” The methyl01 cel- 

lulose trlacetates isolated can be alssolved 111 chloroformd and the ratlo of the acetate 

protons to the methyl01 protons determmed from the ‘H-n m r mtegrals ‘H-N m r. spectra 
of two representative samples of methyl01 cellulose trlacetate (m s 2 9 and 6 1) from the 

DMA-formaldehyde system are shown m Fig 1 The ‘H-n m r spectrum of cellulose trl- 
acetate IS also presented for comparison The signals of methyl01 protons are rea&ly ob- 
served. Protons of methylene groups attached to CLacetyl substltuents resonate at 

6 5 33 p p-m, whereas the other methylene protons of the polyoxymethylene chams 

resonate at 4 88 p p m Protons of the acetyl methyl groups resonate at 2 08 p p m. The cel- 
lulose rmg protons are observed as a broad band occurrmg between -3 2-5 6 p p m_ From 

the mtensltles of the methylene resonances for the methyl01 cellulose of m s 2 9, It 1s ap- 

parent that, even at tlus level of substitution, the formaldehyde is present to some extent as 

polyoxymethylene slde-chavls rather than bemg evenly dlstrlbuted between the three 

hydroxyl groups of the D-glucose residues 

Metnylol cellulose 

trlcxcetate (m s 2 9) 

Methyl01 cellulose 
trtocetote Cm s 6 1 1 

0 90 80 70 60 50 40 30 20 10 00 

t&1 r.lpm 

Fg 1 *H-N m r spectra of peracetates of cellulose and methyl01 celh~lose 
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