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SYNTHETIC LIGHNIN

By

L. F. Hawley, Principal Chemiut
and
B. £. Harris, Associate Chemist

In 1931 Hawley and Wiertelak (1) reported the chemical analysin
of wood that had been subjected to a temperature of 135° C, for severe:l
periods of time up to & days. The analysis showed a par*ial decompositiion
of carbohydrates in the wood and the formation of a material (roughly
equivalent in amount) that was isoléted along with the lignin, In order
to investigate this lignin-like materiml farther; it was prepared from
Cross and Bevan celluloge and was thus obtained wmixed with the lignin of
the original wood. The results of that investigations confirming and
extending the previous work, were presentdd Bt the spring, 1931, meeting
of the American Chemical Societyj but théy were not published because
meanwhile Sherrard and LEarris (5) and Ritter, Seborg, and Mitchell (3) had
shown the possibility of serious error in the standard method used for
lignin determination, Instead of publishing, the researchersg decided to
repeat the experimental work, using the improved method for determining
lignin, Only the parts of the data from the first experiments that are
required for comparison will be presented here.

Hoat Treatment of Cellulose

In the present experiments large quantities of Cross and Bevan
cellulose were prepared from white spruce and sugar maple by the method
used in isolating the cellulose for its quantitative determination.
Fifteen-gram samples were sealed in glass tubes and heated in a pressure-
steam retort for 1, 2, and & days at 135° C. Duplicate runs were made,
and, except in the few instances where a tube was broken accidentally, the
figures in the table are the averages of two closely agreeing determinatioms,.
one from each duplicate tube, The slight gas pressure remaining in the
tubes after cooling was relieved by breaking an end of each tube under
water, and an approximate determination of the gas evolved was made, This
gas was largely carbon dioxide, but under the conditions of the experiment
no significant quantitative figure could be obtained. The amount of water
formed during the heating can be calculated approximately from the difference
in moisture content of the samples before and after heating.
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The data in Table 1, when considered alone, indicate that the
rate of the reaction with the spruce was much faster than with the maple
celluloses, This difference, however, is probably caused by something else
than inherent differences betvween the species., In the previous work a
meple cellulose, propared and treated in as nearly as possible the same way,
gave 18.8 per cent lignin in 8 days, while the softwood cellulese (loblolly
pine in this cass) gave only 11.2 per cent, With any one lot of cellulose
the rate secms to be the same in all runs; as is shown by ths relation
between period of heating and extent of reaction, and the closs checks in
dvplicate runs; but with dlfforent lots of caellulose the rates may be very
different, Sunall amounts of impurities probably exert a considerable
catalytic effect, ’

The later work has confirmed the general conclusions of Hawley
and Wiertelak in regard to the decomposition of the carbohydrates in wood,
The carbohydrates are decomposed with the formation of water-soluble and
alcohol~benzene scluble substances that apparently are intermediate products
in the formation of lignins., In the treatmeat of the hardwood cellulose,
the pentosans were the first constituent tc Adecompose, but the reaction
was not carried far enough to determine whether ultimately other
carbohydrates would be attacked, In the softwood cellulose, hexosans were
decompbsed even in the earlier stages of reaction.

Comparison of Synthetic and Natural Lignin

The additional information obtained in this work with wood
carbohydrates essentially free from lignin is based on examinations of the
lignin isolated from the heated cellulose by comparison with the lignin
similarly isolated from wood. As already reported (6), the lignin produced
by the heat treatment of maple cellulose had an ultra-violet absorption
spoctrum typical of the hardwood lignins. The particular sample examined
for this purpose was one of the first lot not described in detail here for
reasons previously given. The lignin formed amounted to about 18 per cent
of the treated material and, from the analyses, appeared to be derived
largely from the pentosans in the cellulose,

All these lignin samples, as shown by the method of their
isolation and determination, are similar to lignin in wood in their
resistance to 72 per cent sulfuric acid, Furthermore, the isolated lignins
dissolve readily in sulfite solutions after chlorination in the same way
as lignin which is isolated directly from wood.

Ritter, Mitchell, and Seborg (2) have recently shown that spruce
lignin, put into solution by chlorination and sulfites, has a reducing
value which is 29,5 per cent of that of an equal amount of glucose, and
that maple lignin had a reducing value of 34.5 per cent, The lignin isolated.
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from the 8-day treatment of spruce cellulose, when treated in the same
manner , had a glucose equivalent, in reducing value, of 20 per cent; the
8~day maple lignin had an equivalent of 31.0 per cent.

The meterial prepared as described contains no methoxyl but it
can be methylated., Two methylations at 50° C. for 2 hours cach gave a
product having 7.0 per cent of methoxyl, which is far below the value of
32.5 per cent that has been obtained with natural lignin (5). Attempts
will be made to obtain a higher degree of methylation.

By four diverse methods of characterization, the main product
obtained in these experiments has shown a close similarity to the lignin
obtained directly from wood, and the authors believe they are Justified
in calling it "gynthetic lignin," At least they have preparsed a product
that, in its basi: chemical characteristics, corresponds to lignin, In
certain quantitat.ve respects the corresponcsnce may not be cumnlete,
but this shovld te expected, not only from the variability of natural
lignins but zlso »i. account of probable im uritiss, such as intermeciate
or by-products, in the synthetic product.

By-Products and Intermediate Products

It is interesting to note how closely these experimental
results correspond to the hypothesis of Shrauth (4) on the conmstitution
of lignin, He assumed a hypothetical intermsdiate product between glicose
and lignin similar to S5~hydroxymethyl furfural, 3 moleciles of which
condense with elimination df 6 molectules of water to form a compound of
5~ and b-atomed ringsi This compound contains thres hydroxyl groups in
the central six-carbon ring that require hydrogenation for their removal
and thus for the completion of the formation of a compound tnat accounts
for the chemical characteristics of lignin. The water--soluble and alcohol-
benzene soluble material, form:d by the heat dscomposition of the
cellulose, corresponds to Schrauth's hypotiasticel intermediate product,
and the amount of water formed corresponds —oughly to ths & molucules
required, There is no indication in the present experiments of reduction
of the hydroxyl groups except that carbon dioxide may be formed by the
oxygen given off, The amount of carbon dioxide, however, is sufficient
to account for only a small part of this oxygen.

Although the water-soluble material, containing es it does
intermediate products between cellulose and lignin, is of great interest,
it has been given only a cursory eXamination., 1t has only a trace of
reducing value even after hydrolysis with dilute acid. On acidification
with mineral acids, a partial precipitation takes place and a part of the
precipitate is resistant to chlorination and subsequent trsatment with
sulfites, The material resistant to chlorination may then be completely
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dissolved in 72 per cent sulfuric acid, No corclusions are drawn from
such fragmentary data, but it is merely suggestsd that further study of
this water-soluble material seems to offer an important new field for
regvarch in the chemistry of both cellulose and lignin,

Hardwood and Softwood Lignins

Although tnere arc many slight qualitative difforcaces to be
noted between hardwood and softwood lignins, there are few woell-defined
quentitative differences, Perhaps the most characteristic are in the
ultra-violet absorption spectra and in the reduecing number. It has
already been show. that the synthetic lignin made from Lardwood cellulosse,
ana evidently forwcd largely by the decomposition of pentosan vaits, has
an absorption spectrum and a reducing value that correspond clcsely to a
typical hardnood :Ignin, while the syntheti.c liguin made from a softfavod
cellulose, and evidently formed largely froam heXocan units, has & re iucing
value corresponding closely to a typical softwood lignin., (The authors
have not yet had opportunity to measure the absorption spectrum of such
a sample,) This information leads directly to the hypothesis that ths
differences between natural hardwood and softwood lignins are due to the
relative proportions of hexose and pentose units that have sutered into
their formation., This hypothesis will be developed further as the next
step in the research on synthetic ligninsg. It should be readily possible
to prepare lignins from purs pentosans, pure hexosans, and Zmown varying
proportions of the two, and tihus to establish the relation betwoen the
source and the characteristics of the product.
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