
Note 

Influence of sodium chloride on volatile products formed by pyrolysis of cel- 

lulose: Identification of hydroxybenzenes and 1-hydroxy-2-propanone as 
major products 
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TABLE I 

YIELDS OFTHE MAJOR PRODUCTS FROM VACUUM PYROLYSIS OFCELLULOSE CONTAINING SODIUM CHLORIDE 

Sodium chloride content (5%) 

10 10 10 0 
Pyrolysis temperature (degrees) 

29a 31.5 
Pyrolysrs time (h) 

340 3% 

Products 
.I 2 1 I 
Percent 
t’hased on rellulose) 

Char 34 29 26 9 
Tar 8 12 18 66 
Liquid-nitrogen condensate 54 51 53 24 
1.2-Dihydroxybenzene 0.2 0.2 0.2 n.d. 
1.4-Dihydroxybenzene 0.1 0.1 0.1 n.d. 
1,2,3-Trihydroxybenzenc 0.4 04 0.3 n.d. 
1,2.4-Trihydroxybenz~ne 0.5 0.6 0.4 n.d. 
Levogiwosan 0.2 0.3 0.4 36 
I-Hydroxy-2-propanone 2.8 4.5 5.0 Co.005 

ly increased the yields of char and of liquid-nitrogen condensate, whereas the yield 
of tar was greatly lessened. 

The tar fractions of sodium chloride-treated samples were obtained in a yield 

of -15%, and, when examined by g.1.c. of the per(trimethylsily1) (Me,Si) ethers, 

gave complex chromatograms in which two peaks predominated. By comparison of 

their mass spectra and g.l.c.-retention times with those of authentic compounds, 

these were shown to be 1,2,4- and 1,2,3-trihydroxybenzene. Also present in smal- 

ler amounts were 1,2- and 3,4-dihydroxybenzene, and 1,6-anhydro-~-D-gluco- 

pyranose (levoglucose). The absolute yields, determined by use of an internal stan- 

dard, are shown in Table I. Traces of saccharinolactones were also detected. 

It was not possible to detect either 1,3,5tri- or 1,3-di-hydroxybenzene in the 

products, but this does not eliminate the possibility that they were formed in the 
pyrolysis, as they may be more reactive, and hence less likely to survive, than the 

other hydroxybenzenes. 

One of the most dramatic effects of sodium chloride is suppression of thefor- 

mation of levoglucosan, from a yield of 36 to < 1% . This effect had previously been 

demonstrated with a wide range of other salts 6,7 No significant trend in the yields . 
of the hydroxy~nzenes was found on varying the temperature of pyrolysis from 
290 to 340”. 

Phenol and cresols have been identified among the products from the 
pyrolysis of “cellulose sheets” at atmospheric pressure, and polyhydroxybenzenes 
have been generated from D-glucose in acidic” and basic” solutions. All of the di- 
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and tri-hydroxybenzenes mentioned in Table I have also been detected in cellulose- 

cigarette smoke”. However, the present work constitutes the first report of 

polyhydroxybenzenes as major components of the tar resulting from the pyrolysis 

of cellulose. Evidently. the presence of sodium chloride facilitates the reactions 

leading to such products. but the mechanism of the formation is not yet clear. The 

recombination of such free-radical. initial pyrolysis products as acetyl (CHjCO) 

could be envisaged as leading to hydroxybenzenes. especially trihydroxybenzenes, 

but such a mechanism would be unlikely to yield 1 .2,3-trihvdroxybenzene as a _ 
major product, and there is no reason to presume the catalysis of such reactions by 

sodium chloride. Another possible mechanism is the dehydration and cyclization of 

six-carbon fragments derived from D-glucosyl units (e.g., C,H,,,05 --- 2 H20 ---) 

C,H,Oj). Presently, sufficient data is not available to elucidate the mechanism in- 

volved. 

TABLE 11 

l-Hydroxy-2-propanone 1.0 
Acctlc acid 0 2 
‘-Furaldchvde 0 2 
7-Awtylfu& 0.1 
J-Hgdroxyhut3nolactorle 0 2 

“G I c. peak-area\ rclatlve to I-hydrr,u)-7.prc,panc,nc 

Rl.I.A,‘I,‘1~ kltl D\ ()I- VAJOK C OhfPONbNTS 01: I-HI I fOL’ll)-VI1 ROGI-N (‘ON!31 Vkhll. tKO\I \Ac’I.Ctl 

P’r ROI 1SIS” OF Cbl.1 I LOX1 

Produt 1.) PWX ureub 

Levoglucoaenone 1.0 
2-Furaldehydr fJ.3 

1 .-I, 3.6Dian hydra-u-glucose (1.2 
5-(~l~drou~methyl).?-furaldehyd~ 0.1 

“Pyrolysis temperature. 340”; pyrolysts time. 1.0 h. “In g.1.c. relatwr to that of Ir~oglucosenone as umty 



NOTE 325 

This discovery of benzene compounds derived from cellulose may be related 

to the processes of char formation, as charring of cellulose produces a large amount 

of aromaticity that is enhanced in the presence of sodium chloride13. It may also be 

related to the processes that yield aromatic structures in humic substances derived 

from lignocellulosic materials. Hence, these results suggest that some of the aroma- 

tic components of humic substances may be derived from cellulose, rather than 

from lignin. 

Apart from water, the major component of the liquid-nitrogen condensate 

from the pyrolysis of cellulose containing sodium chloride was 1-hydroxy-2-prop- 

anone (see Table II). This was not a major product in the absence of sodium 

chloride (see Table III), and its formation appears to be catalyzed by the salt. A 

previous reportI also noted that the pyrolysis of cellulose in the presence of potas- 

sium nitrate yields 1-hydroxy-2-propanone as the major, volatile product, although 

in that study no hydroxybenzenes were detected. The mechanism of formation of 

the 1-hydroxy-2-propanone is as yet unknown. 

EXPERIMENTAL 

Substrates. - Acid-washed cellulose was prepared by stirring CF-11 cellulose 

powder (Whatman Laboratory Products; 20 g) in 0.1~ sulfuric acid (800 mL) for 

3 h at room temperature. The sample was then rinsed with distilled water, and ex- 

tracted with water for 8 h in a Soxhlet extractor, to remove all traces of acid. 

Sodium chloride-cellulose mixtures were prepared by adding an aqueous solution 

of sodium chloride to dry CF-11 cellulose powder, and then removing the water in 

vucuo at 50” with vigorous agitation, giving a final content of 10 g of NaCl per 100 

g of cellulose. 

Pyrolysis conditions. - Vacuum pyrolyses were conducted on a 0.5-g scale 

under a flow of nitrogen at 200 Pa (1.5 torr) as described previouslyt5. In some 

pyrolyses, a liquid-nitrogen trap was added, downstream of the furnace, to con- 

dense the more-volatile compounds. 

G. l.c. analyses. - All such analyses were made on packed nickel columns 

(3 m x 2.2 mm o.d.), using nitrogen as the carrier gas, flame-ionization detection, 

and digital integration. Three column packings and conditions were used: (A)‘3% 
of SE-30 on Gas-Chrom Q (lo&120 mesh), programmed from 80 to 240” at 3”/min, 

with an initial, 2-min hold-period; (B) 3% of OV-225 and 2.5% of HI-EFF-9BP on 

Gas-Chrom Q (SO-100 mesh), used isothermally at 205”; and (C) 5% of carbowax 

20M-TPA on Gas-Chrom Q (SO-100 mesh), programmed from 60 to 140” at 4”/min, 

and then from 140 to 240” at lO”/min. 

Volatile materials that condensed immediately outside the furnace (namely, 

tar) were derivatized for g.1.c. analysis in 2 ways. An aliquot was per(trimethyl- 

silyl)ated with Tri-sil reagent (Pierce Chemical Co.), and the products analyzed on 

column A, with methyl eicosanoate (arachidate) as the internal standard. A second 

aliquot was acetylated with 1-methylimidazole-acetic anhydriderb, and analyzed on 
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column B. Quantification of polyhvdroxvhenzenes was conti~xted IT\ using the 

trimethylsilyl ethers on column A. rather than ~11th acetates on column R. :I> the 

latter analysis suffered more interfcrcnce from other tar conytituentx In addition. 

small variations m the extraction procedure after acctylntlon \\erc tound to h\t‘ .I 

strong effect on the acetouvbcnxne content. making thi\ tccllra~q~~c~ Ic\\ \uit;lblt: 

for quantitati\r analysis. 

Volatile compound\ collected in the liquid-nitrogen trap ucrt’ warmed to 

room temperature. and diluted IO -i mL with acetone. ‘I‘his scjlution \\;I\ then 

analyzed directly by g.1.c. on column C‘. and the content of I-h),cir(rk~-_7-pr~)p;in0n(‘ 

was detrrmincd h\ using ethyl 3-mcthc,xvbcnzoate as the IntCrn:il st;tndard. ‘I‘hc 

yields of other constituents are cupressed ;IS the Integrated ~c;~~c-,I~c,IY. IC~:LII\C tr) 

that of I-hydro~~-2-prc)p~ln(~ne. 

Illetltifiratrorl oj Izytl1 o.~-~hcrl xrlt~sfiorrl rh p?‘rol\‘vl.\ I)/ i .I-- 1 I ~~t’lill~o.\t~-.vrl C‘i 

--- A sample of CT-1 1 cellulose-NaCl was p~rol~zcd. and the ;icet\l‘llc‘cl till \\a\ 

analyzed by g.1.c. (column R). 4 peah having tht> same Irctention tln~ :I\ 2.i.4tri- 

O-acetyl-1,6-anhydro-/3-D-gluco-r>-furanose was observed. and latct- identified h> 

mass spectrometry and g.1.c. retention-time as I .‘.3_triacetou~hcn7~,rle. Analysi\ 

of the same tar hy g.l.0. (column /I) after per(triiiieth\1~ilI*I)‘ltic~Ii g,i\e 2 

chromatogram having four peds. with retention time\ idcntlc;il ICI thox ,>i’ the 

per( trlmethylsllyl) ethers of I .2- and I .~-dihyclrou)ben~~nr! 1-k.y. q ‘1 I~IJI I #id 

1.2,3- and I .?.-t-trihvdro.uvbrnzene (X.0. X.9 min). In addition. the mai\ qxx’tr;l k)I 

these four peaks wcrc idrntkxrl to those ot the pcr(trimethvl~il~l) ctltCI.4 of the au- ” 

thcntic polyhydrouyhenzcnes. 

Jdtwtific.ntirv~ of prodrrct.s trapprd by liqrtrti rlttrogtw. --~~ ((2) !‘JOlJl Ct’~/~l/O~~‘-- 

N17C‘I. Pyrolysis of cellulose--NaC’l provided one maj<)r product (c>thcr than \\,iter t 

in the volatile compounds trapped with l~quld nitrogen. ;is +ho\vn !‘l 2.1 C. (ct~lumn 

C’) without drrivatizatmn. By g.l.c.--m.x., this product \vas touncl tt) ht I-hlclrc)s!- 

I-propanone. and its retention time (7.7 min) coincidtd witi1 that 01 ;i frc<hik distal- 

led. authentic sample. Suhqucntly. smaller amount> c)t acetic‘ acid ( I 1 3). 2-furnl- 

dchyde (I I .Y), ?-acctylfuran ( 13.0). and -I-ti~dro~~butanol;lctone ( Ih .7 min) \\\t’rc‘ 

also identitied hy comparison of their mass spectra and 2 I.c-. rctcntiij!i-timck Lvith 

those of authentic samples. FIW smaller, unidentititxl pc:rL\ wc‘rc c.luteti ;II 0 I. 

I7 2, 19.5. 19.0. and 25.0 min. 

(h) Frrmz rtcrd~rmlrc~i w/l~tlrwc. Four major cc>mponent\ wcrc okr\ cd. h\ 

g.1.c. (column C‘). in the vc)latile compounds resulting front the p>rol\sis cjf acic;- 

washed cellulose, and trapped with liquid nitrogen. By comparison of their mass 

spectra and retention timec with those of reference compounds, thebr were found 

to he 7-furaldehydr ( I?.(I). ic\oglucosenone (Z-l.?), 1 ,1:.:.h-dlanh~cir-r)-(i-I)-~lllcc,- 

pyranose (3X.8). and 5(hq’droxymethyl)-2-furaldehydc (20 : rnln) 
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