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The spectral absorption of th in fi lms of cellulose acetate, regenerated cellulose, t he a ce tate 

and regenerated cellulose after oxid ation with nitrogen d ioxide gas, a nd t he regenerated cell u­

lose after oxida tion with periodic acid followed by chlorous aci d, a re recorded fo r the infra red 

from 2 to 15 mi Cl'Ons and the ultraviolet from 215 to 400 mill imicrons. T he regenerated cellu ­

lose absorbed ul t raviolet radiant en erg~' only a t t he short wavelengt h end of t he region studied , 

and t he re the t ra nsmi ttance of a fi lm 2.8 micon s thick was only sli gh tly red uced . The aceta te 

and oxidized cell uloses absorbed in this region t o a g reater exten t but gave no narrow absorp­

ti on band . ~1arkerl changes were observed in some of t he absorpt ion bands in th e infra red 

region in going from cellulose acetate to regenerated cellulose an d t o t heir oxidation products. 

These changes were co rrelated wi th changes in t he OR. CO,' and COOH g roups. T he r ul ts 

indi ca te t he possibilit .'· of es ti mating t he a mount of th ese group s pre;;ent by spect ra l abso rption 

measil rements. 

L Introduction 
P resen t-day theori es regarding the chemistry 

and structure of cellulose, i. ts derivatives and deg­
radation products have been extensively t udied 
and reviewed by several wri ters [1, 2, 3, 4, 5, 6).1 
H owever , only limi ted use of spectrometric meas­
urements as a means of following the m odifi cation 
of cellulose by yarious t reatmen ts has been re­
por ted [7, 8, 9, 10]. This pap er con tains results 
of the m easm emen t of the absorp tion spectra of 
cellulose and ccllulose acetate b efore and after 
chemical trea tments. 

T he s tructura l formul a genera ll y a,s ign ed to 
cellulose is: 

H OH H OH 

H OH N CH20H 

where N may take values as high as 4,500. Any 
bl:llnple of cellulose i considered to be made up of 
varying propor tions of these long-chain molecules, 
the lengths of the individual chains depending 
upon the source of cellulose and its history . T he 
greater the propor tion of the short chains in a 
sample, the greater the number of end groups. 

• Published also in Textile Research Journal, Sept. 1947. 

1 Figures in brackets indicate tbe literatu re references at the end of this 
paper. 
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Cellulose is l'elati vely wlstable, and some of the 
linkages between atoms are r up tured, for example 
when celluJose is exposed to ligh t, heat, or chemical 
agen ts. Shor te r chains and. addi tional end groups 
may be formed. When exposed to extreme con­
ditions, cellulo e m ay be degraded to rclatively 
simple compounds. 

The groups that are found in cellulose or which 
may be formed as a resul t of oxidation or cleavage 
include the ketone , aldehyde, hemiacetal, carboxyl, 
and hydroxyl groups. These groups are respon-
ible for characteristic absorption band s in the 

spectra of simpler organi c compOlmds, Not only 
would thc bands be expected to be presen t in the 
absorp tion spectra of cellulose and cellulo e de­
riva t ives, bu t the magnitude of the absorp t ion 
might be a quan titative measure of the number of 
the groups responsible for th e band . 

Chemical methods for the quantitative evalua­
t ion of the groups in cellulosic materials [5, 15] 
sometimes lead to erron eO Ll S resul ts because of 
changes in the cellulose produced by the condi­
tions to which i t is subj ec ted d uring analysis. The 
spectrophotometric method of analysis probably 
would not 1'e ul t in apprecia ble change. Another 
,vay in whi ch the spectrophotometric method 
could be USci'll 1 is in inves tigating the preferential 
attack of reagents on specific parts of the cellulose 
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molecule. For example, the oxidation of the 
secondary alcohol groups on carbon atoms 2 and 
3 of the ring by periodic acid [11 , 12] and the 
oxidation of t he carbon atom in the 6 position to 
carboxyl by nitrogen dioxide gas [13, 14] could 
perhaps b e followed spectrophotometrically . 

The work reported in this paper was under taken 
wi th this in mind. 

II. Materials and Methods 
The cellulose used in this study was prepared by 

deacetylation, in an iner t nitrogen a tmosphere, of 
cellulose acetate. The cellulose acetate was ob­
tained in the form of yarns; it was first extracted 
with ether, dried , then wet with distilled water 
and dried again to insure complete removal of the 
eth er . The acetate was dissolved in redistilled 
acetone and cast in to films on a glass plate with a 
Bird film applica tor, at room temperature. The 
film was then soaked from the pla te with distilled 
water and dried . 

1. Preparation of Cellulose Films 

The films were deaeetyla ted by soaking th em 
for 24 hours in a 0.4 lvi alcoholic sodium hydroxide 
solu tion under an atmosphere of nitrogen. They 
were then washed wi th alcohol, soaked for 20 
minutes in a 10-percent solution of glacial acetic 
acid in alcohol, again soaked for a half hour in 
water and then air-dried. 

2 . Treatment of Films with Nitrogen Dioxide 
(N02- N20 4) 

Films of cellulose aceta te and/or regenerated 
cellulose were suspended a t room tempera ture, in 
a glass chamber that was evacuated. Dry ni tro­
gen dioxide was then passed in to the chamber. 
The films were left in the nitrogen dioxide a tmos­
phere for 2 hours and then soaked for another 2 
hours in d istilled water with three changes of water . 

3. Treatment of Films with Periodic Acid and 
Chlorous Acid 

The films were immersed for 2 hours in a 0.042 
M solution of periodic acid that was buffered wi th 
sodium acetate at a pH of 4.5. After contac t wi th 
the periodic acid, the films were soaked for an 
additional 2 hours in distilled water and then 
washed three times with fresh distilled water. The 
fi lms were then dried and subsequently transferred 
to a 5-percen t solu tion of sodium chlorite buffered 
to a pH of 2.2 wi th phosphori c acid . They were 
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allowed to remain in this solu t ion for 2 hours. 
The films were then washed for 2 more hours and 
dried . 

4 . Measurement of Thickness of Films 

Thickness measurements were made with a 
"Mikrokator " [16] that was ch ecked against steel 
gage blocks calibrated by the Gage Section of the 
National Bureau of Standards. The standard 
deviation of five measurements did no t exceed 0.2 
}J- on any spectrometer specimen. Thickness ob­
tained in this maIlner with cellulose ace tate film 
averaged 0.3 }J- less than thickness based on weigh t, 
area, density calcula tioIls. 

5 . Measurement of Spectral Absorption in the 
Ultraviolet Region 

The ultraviolet absorption spectrum was meas­
ured wi th the Beckman model D U quartz spectro­
pho tometer [17]. The wavelength calibrations on 
the scale of the instrumen t were found to check 
very well against the known wavelengths of the 
lines of the hydrogen- and mercury-discharge 
tubes. It was observed in the region from abou t 
310 to 400 m}J- tha t when readings were made every 
5 m}J- , ripples appeared in the absorp tion pattern 
of these cellulosic materials. The amplitude and 
posi.tion of these ripples varied with the orientation 
of the sample in the ligh t beam. They were inter­
preted as being caused by op tical interference. 
It was possible to orien t the film in the beam in 
such a position as to virtually eliminate them . 

Figure 1 is based upon measurements made at 
5 mM interval". 

6. Measurement of Spectral Absorption in the 
Infrared Region 

The infrared absorp tion spectrum was measured 
with a P erkin-Elmer recording infrared spec­
trometer wi th a sodium chloride prism . This type 
of instrument has been previously described [1 8]. 
The instrument was equipped with specially con­
structed gears operated by a synchronous motor 
for changing the wavelength, and another gear 
mechanism for au tomatically increasing the slit­
width in such a way as to partially compensate for 
the lower energy of the radiation source in the 
longer wavelengths. As the instrumen t is a 
single-beam spectrometer , the a bsorp tion · bands 
of a tmospheric water vapor are superimposed 
upon the absorp tion spectrum of the film under 
observation. The estimation of the exten t of 
absorp tion by the film in this region is therefore 
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Fw um~ I. - Ultraviolet abS01'ption curves . 

A, Cellulose regenerated from cellulose aceta le (film thick ness 2.8 ,,); R, cellulose treated with periodic acid fo llowed b)' chlorous acid (film thickness 
3.6 ,,); C, ultra violet absorption cur ve of cellulose acetale (film thickness 4.1 ,,); D, cell ulose t reated with nitrogen di xoidc gas (film thickness 3 .~ ,,), 

less precise than in other regions, This uncer­
tainty has been indicated in the spectra by broken 
lines, 

III. Results and Discussion 

The infrared and ul trav iolet absorption spectra 
of cellulose, in the oxidized and acetylated states 
are shown in figures 1 to 6 inclusive. The infrared 
spectra of these materials have in general many 
more bands Lhan th e ultra iole1, aosorpLiou 
spectra. The absorption of ultraviolet ligh t by 
the resonance form s of the groups of the cellulose 
molecule appears to take place in the energy 
region that is mainly below 200 m,u and hence in 
the vacuum region (sec fig. 1) . In order to prop­
erly evaluate these bands in the ultraviolet region 
it appears necessary to measure the absorption 
in the vacuum ultraviolet region as has been done 
for some aliphatic fatty acids [19] . It was noted 
that untreated cellulose had much less of a tend­
ency to absorb short wavelength radiation than 
the modified celluloses as indicated in curve A of 
figure 1. Exposure of such films of cellulose to 
most oxidizing agents, and ligh t resulted ltl an 
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increased absorption of thr short wavelengths. 
In many cases the absorbing agent in the cellulose 
created by the treatment was water soluble and 
showed general absorption in water. In this way 
it was occasionally possible to check Oli the exten t 
of oxidation and contamination of the films used 
in this study. 

The groups in cell ulose containing oxidized 
carbon gave rise to bands in the infrared region. 
ThliS iSjJedruIIl WI:LS , therefore , more informl:Ltilre 
than the ultraviol et absorption spectrum. Th 
striking alteration that accompanies deaeetylation 
may be noted by contrasting the curves of figure 2 
and figure 4. The changes in the infmred absorp­
tion spectnlln of cellulose acetate that OCCLlI' upon 
exposure to nitrogen dioxide (N0 2--N 20 4) may be 
seen in figures 2 and 3. This oxidizing gas also has 
a marked effect on the abso rption spectnun of cel­
lulose. The effect of a somewhat arbitrary concen­
tration of periodic acid (followed by chlorous acid) 
on the infrared absorption spectrum of cellulose is 
shown in figure 6. The bands shown in the various 
figures are discussed under the appropriate title as 
follows: 
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F IG UR E 2.- Infm7·ed absorp­
tion curve of cellulose acetate 
(film thickness 4.1 ,..). 

F I G U R I, 3.- 1nfmred abs01'p­
tion curve of cellulose acetate 
exposed to nitrogen dioxide 
gas (film thickness 3.3 ,.. ) . 

F I G UHE 4.- i nf rared absor1J­
tion curve 0/ regenem ted cell-u­
lose (film thickness 2.8 ,..) . 

F I GURE 5. - l nf m red absorp­
tion CU7've 0/ regenemted cellu­
lose exposed to ni trogen di ­
oxide gas (film thicknesp 
3.3 ,.. ) . 

} ' I GU R E 5.- i nfrared absorp­
tion curve of regenerated cellu ­
lose treated with periodic acid 
/ allowed by chlorous acid (film 
thickness 3.6 ,..) . 
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1. Cellulose Acetate 

As indicated under the experimental part, the 
cellulose acetate was the starting point for the 
regeneration of the cellulose used in the study. 
The infrared absorption spectrum of the original 
cellulose acetate is shown in figure 2. This 
spectrum is characterized by several well-defined 
bands. The first band of appreciable intensity 
occurs at 2.8!-.L and is probably related to the 
O- H stretching vibration. The band at 3.4!-.L is 
believed to be the familiar band attributed to the 
C- H stretching viblation. The intense band at 
5.7!-.L falls in the general region characteristic of the 
ester carbonyl group, and it shows a strong ab­
sorption in the cellulose acetate film. The band 
at 7.2!-.L is characteristic of the C- CH3 group and 
hence appears in both figures 2 and 3 (untreated 
and nitrogen dioxide treated cellulose acetate). 
The intense absorption at 8.1!-.L is also present in 
curves 2 and 3. It is attributed to the ester 
group, as a band in this general position is always 
observed in the spectra of esters. These last three 
bands also appear in polyvinyl acetate as well as in 
other simpler acetates [20] . The strong band at 
9.5!-.L is present in all the infrared a.bsorption 
spectra (figures 2 to 6 inclusive) and is probably 
due to the C- O vibration. This vibration is very 
intense for methyl alcohol and is also found in 
polyyinyl alcohol [20]. 

2. Oxidized Cellulose Acetate 

When cellulose acetate is oxidized with nitrogen 
dioxide (NzOcNOz) two new bands (fig. 3) appear 
in the infrared spectrum. These absorptions take 
placr at 6.1 and 7.8!-.L. The band at 7.8 !-.L is evi­
dent as a bulge in the side of the broad band at 8.1 
!-.L. It will be noted later that these two bands 
correspond closely with the two bands that are 
created when cellulose is treated with nitrogen 
dioxide. Most organic compounds containing 
carboxyl groups have two strong absorp tion bands 
at approximately 6.0 and 7.8!-.L. The possibility 
that the two bands described above might be due 
to carboxyl groups created by the oxidation of the 
una cetylated number six C- OH group will be 
cl iscussed la ter. 

3 . Cellulose 

'Vhen cellulose acetate is deacetylated, the 
marked changes that result from this process may 
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be noted by comparing figure 2 with figure 4. One 
notes that the O- H vibration at 2.8 !-.L has become 
much more intense and at the same time sligh tly 
shifted to longer wavelengths. The ester earbonyl 
group at 5.7 !-.L, the CH3 group at 7.2 and the typical 
ester band at 8.1 !-.L are all absent. On the other 
hand the C- O band at 9.5 !-.L has been considerably 
broadened. 

4 . Cellulose Oxidized With Nitrogen Dioxide 

When the cellulose film is treated (as described 
under experimental procedure) with nitrogen 
dioxide, certain characteristic changes occur in 
the spectrum of cellulose, figure 5. First the OH 
absorption at 2.9 !-.L, seen in figure 4, is somewhat 
decreased in intensity. In addition, tihree other 
bands appear, the one at 5.7, one at 6.1, and a third 
at 7.8 J.!. The band at 5.7 !-.L falls in the general 
region characteristic of the C = O group, and the 
other two bands are also associated with the 
carboxyl group as indicated under the discussion 
of oxidized cellulose acetate. In this work, the 
two strong bands at 6.1 and 7.S J.! were always 
associated with the oxidized cellulose believed to 
contain carboxyl groups. 

5. Cellulose Treated With Periodic and Chlorous 
Acids 

Exploratory experiments with the effect of per­
iodic and chlorous acids on the infrared absorp­
tion spectrum of cellulose have been performed. 
N either of these acids alone or in sequence had 
nearly so marked an effect on the cellulose as had 
nitrogen dioxide. However, a small band shown 
in figure 6 at 6.2 !-.L, no t present in the spectrum of 
the original cellulose, was found in the treated 
cellulose. No definite conclusions can be drawn 
concermng the band until more information is 
available. . 

IV. Relationship Between Spectra 
and Structures 

Cellulose contains over 49 percent of oxygen, 
and this oxygen content may be expected to under­
go a very small but definite increase throughout 
the life of the cellulose in the atmosphere. The 
oxidized cellulose would not be expected to be a 
homogeneous molecular species. In fact , one 
would expect the oxidized cellulose to consist of a 
mixture of many different kinds of oxidized cellu-
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lose molecules. Workers recogmzmg the com­
plexity of "oxidizcd" cellulose have attempted to 
study the effect of specific oxidizing agents on the 
polymer. K enyon and coworkers have studied 
the oxidation of cellulose by nitrogen dioxide. 
They presen ted evidence [13 , 14] that the mode of 
attack by this agent was highly specific. Their 
work indicated that the primary alcohol group on 
the number six carbon atom was oxidized to a 
carboxyl group by the oxidizing gas. The work 
of Jackson and Hudson [ll], and Harris et al [12] 
indicated that period ic acid has a specific oxidiz­
ing rffect on cellulose. These experiments incli­
cate that this agent converts the secondary 
alcohol groups on carbons 2 and 3 to aldehyde 
groups in accordance with th e fol lowing scheme: 

-,~fJl HIC4-'} 

~o;to-
CH~H 

9 ~ 
-VCH HC~~ 
H~~-O-

CH,pH 

As the cond itions of the reaction of ni trogen di­
oxide with cellulose, described under the experi­
mental part are very similar to those employed 
by Kenyon et al [13, 14], it is reasonable to sup­
pose that carboxyl groups were t he primary 
product of the reaction . Furthermore, as ade­
qu ate step s had bcen taken to remove any un­
reacted nitrogen dioxide , and as very little if any 
ni trocellulose would b e formed under the experi­
mental conditions, it appears reasonable to as­
sume that t he three bands present in figure 5 
(the ones at 5.7, 6.1 and 7.8 jJ.) n,re all manifesta­
tions of the em·boxyl group in the number six 
position. 

Whether or not the intensiti es of these bands 
lend them selves to the quantitative estimation of 
carboxyl groups is not known at present. The 
presence of the "carboxyl" bands (5 .7 , 6. 1, and 
7.8 jJ.) in the spectrum of the treated cellulose 
acetate films (fig. 3) suggests the possibility that 
a good nllmb er of the primary alcohol groups 
(number six position) present in this material are 
attacked by nitrogen dioxide and converted to 
carboxyl groups. 

The intensification of the O- H band (2.8jJ.) in 
figure 4 that accompanies deacetylation is quite 
striking. Presumably each acetyl group (absorp­
tion at 5.7, 7.2, and 8.1jJ.) is replaced by a hydroxyl 
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grou p in this conversion, and the differen ce in 
intensitirs in the two bands (2.8 to 2.9 microns) is 
some measure of the number of OH groups re­
generated in the process. 

T he effe ct of periodic acid, repor ted by other 
workers, was not observed in the absorption 
spectra of the treated cellulose in the spectral 
ranges studied. However , it is pointed out that 
these experiments may not have provided the 
optimum conditions for the generation of the 
aldehyde groups on the second and third carbon 
atoms. The weak band at 6.2jJ. in figure 6 is evi­
dence of some reaction that did take p lace in these 
preliminary attempts. 

'Vhen the cellulose acetate is conver ted to 
cellulose, and when the la tter is oxidized to oxy­
cellulose, certain fundamental aspects of the long 
chain molecular structure remain intact. For 
example, the skeletal ring-chain structure should 
no t be profoundly altered during some of the above 
reaction steps. One migh t, therefore, expect to 
see manifestations of the un changing portions of 
the mol ecule in the infrared spectrum. The ab­
sorption band at 8.6jJ. appears in the spectrum of 
all of the cellulose derivatives examin ed in th is 
study. This band may be a fundamental vibra­
t ion tha t is associated wi th the ring sk eleton. The 
absorption band at 3.4jJ. also is common to all of 
the spectra, and it is undoubtedly clue to the C- H 
stretching vibration tha t is character istic of a ll of 
the compounds. 

This study indi cates the possibili ty of using the 
infrared absorption spectrum as a means of 
elu cidating the alterations that may be made in the 
cellulose molecule. 

v. Summary 

1. The ultraviolet and infrared absorption spec­
tra of cellulose, cellulose acetate, and certain oxi­
dized samples of cellulose have been obtained. 

2. Acetylation and oxidation of cellulose are 
retiected by profound changes in the absorp tion 
spec tra of these ma terials. 

3. This tudy indicates the pos ibility of detect­
ing and e timating the amount of such groups as 

OR, 

R 
I 

- C=O, 

o '" ,/ C= 0 2 a.nd - C 

/ "'oR 
in cellulosic materials. 
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