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INTRODUCTION 

The treatment of wool with peracetic acid has been studied chemically by ALEX~\N- 
DER, C.~RTER .\XD EARLaND ~, who found that all the disulphide bonds were readily 
accessible and could be oxidised completely. On the basis of the formation of cysteic 
acid after acid hydrolysis, the following mechanism was proposed for the reaction: 

.'N'CH-CII,,. S S CH 2 CH(', -'-, ' \CIi-CH,,. SOaH t HSO a .  CH,~ CH~ 

However, attempts to detect sulphonic acid groups in the wool were unsuccessful a. Thus 
no ion exchange of the expected sulphonic acid groups could be detected_, and after the 
fibres had been treated with mild alkali, cvsteic acid could no longer be , 
found in the hydrolysates in spite of  the fact that no sulphur had been NH 

removed l)y the alkali. It was therefore suggested that oxidation by .... ('H (:H., 
peracetic acid leads to an intermediate of the sulphonamide type (I), CO 

" N  SO 2 which yields cysteic acid on acid hydrolysis but on mild alkali treatment CH R (1) 
gives a product highly resistant to acid hydrolysis. 

Owing to the difficulty in distinguishing between these mechanisms by chemical 
means, the infra-red spectroscopic method has been used to study the reaction and the 
results obta ined are described in this paper. 

EXPERIMENTAL 

Infra- red  spectra of the  fol lowing ma te r i a l s  were ob ta ined  us ing a Grubb  Parson 's  S.3.A. 
s ingle-beam spect rometer .  

i. Virgin wool of 65t's q u a l i t y :  Before use, th i s  wool was scoured twice  in a warm solu t ion  of 
soap and a m m o n i a  followed by thorough  wash ing  in wa te r  and then extract ion  wi th  ether and alcohol. 

2. Perace t ic  ac id - t r ea ted  wool: A sa inple  of the  virgin wool, as treated above, was oxidised 
with  leo  % excess of a 2 % aqueous  solut ion of peracetic  acid for 3 ° h a t  room tempera tu re .  

3. L-Cysteic acid: This  was  ob ta ined  from ITIAGHT & Co., Ltd,  Colnbrook, Bucks,  and  on 
ana lys i s  gave  8.45 % n i t rogen  as aga ins t  8. 3 % theoretical .  

The spec t ra  were all ob ta ined  us ing  the  mate r i a l s  in the  solid s tate ,  and  in order to ob ta in  
good resul t s  the fol lowing procedure  was  used:  

All the  ma te r i a l s  were f inely ground and made  in to  discs wi th  p o t a s s i u m  bromide  powder  s . 
I t  was found tha t  this  method  gave much  clearer  spectra,  especially for wool, t han  the  more usual  
technique  of moi s ten ing  the  fibres with l iquid  paraffin between rock-sa l t  plates.  

RESULTS 

The infra-red spectra of wool, peracetic acid-treated wool and L-cysteic acid are 
shown in Fig. I (a. b. c). The frequency range covered by these spectra is from I4oo cm -1 
to 9oo cm 1. Absorption peaks were found in this range at the following frequencies (the 

* \Vool Texti le  Research Council  Fellow. 

l~e/erel~ces /~. 464. 



voL. 17 (1955) I.-R. SPECTRUM OF PERACET1C ACID-TREATED WOOL 463 

le t ters  s, m and  w indica te  re la t ive  in tensi t ies  of absorpt ion ,  strong, med ium and weak 
respect ively) .  

I .  Virgin Wool  

1390 cm 1 (s) : 13I 5 cm -1 (w): 124 ° c m  - 1  (S) : 1170 em -1 (W): I150 cm -1 (w) 
I I I 0  cm 1 (w): 106o c m  -1 (w): lO45 cm -1 (w): 980 cm -1 (w): 930 cm -1 (w) 

2. Peracet ic  Ac id -Trea ted  Wool  

I 3 9 0  c m  -1 (s) : 1315 cm -1 (w): 124 ° e m  -1 (s) : I I75  c m  -1 (s) : I 1 2 0  c m  -1 (m) 

lO7O cm -1 (w): lO4O cm ~ (s) : 980 cm 1 (w): 95 ° c m  -1 (W) 

3. L-Cysteic Acid 

137 ° c m  -1 (w) : 1180 c m  -1 (s) : 1145 c m  -1 (w) :  112o c m  -1 (w):  IO7O c m  -1 (w) 

1040 c m  -1 (s) : 95 ° cm -1 (w) 

DISCUSSION 

F r o m  Figs.  I a and  I b i t  can be seen t h a t  a m a r k e d  change t akes  place in the  spec- 
t r um of wool af ter  peracet ic  acid t r ea tmen t .  Thus  two s t rong absorp t ion  bands  appear  
a t  approx.  1175 cm -~ and lO4O cm -1 
which are not  present  in virgin wool. If  
I b  is now compared  wi th  IC, i t  can be G0 
seen t ha t  these two s t rong bands  are 
ma tched  in re la t ive  in tens i ty  and ~ 6 
pos i t ion  by  the  two s t rong bands  of 3 4  
L-cysteic acid. F r o m  d a t a  on o ther  sul- 
phonic  acids, BELLAMY ~ suggests  t h a t  2 
bands  appear ing  in the  f requency 

ranges : ~ 8 

(a) 121o-115o cm -1 and  ~6 
(b) lO6O-IO3O cm 1 

are charac te r i s t ic  of sulphonic  acid  ~ *  

groups.  2 
F r o m  this  evidence the  two peaks  

at  I i8O cm 1 and lO4O cm 1 in L-cysteic 
acid  can be assigned to sulphonic  acid 
groups,  and  therefore  b y  compar ison  

x~ 

i t  is p robable  t h a t  the  two new peaks  ~ 6 
arising in perace t ic  ac id - t r ea t ed  wool ~ 
are due to  the  presence of sulphonic  
acid groups.  2 

BEI~LAMY 5 also quotes the  following 
ranges for s t rong absorp t ion  bands  due 
to  the  su lphonamide  t y p e  of grouping 
-SO~" N -  

(I) I I 8 O - I I 4 O  cm -1 
(2) I35O-I3OO cm -1 

Re[erences p. 464 . 
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Fig. ~. (a) Infra-red spec t rum of virgin wool; 
(b) Inf ra- red  spec t rum of peracet ic  acid- 

t rea ted  wool; 
(c) Inf ra- red  spec t rum of L-cysteic acid. 
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The first of these ranges overlaps the range given for one of the sult)honic acid 
absorption bands, but the second is distinct and an absorption peak should bo observ- 
able in peracetic acid-treated wool if sulphonamide groups are present. No new peak in 
this region is observed with the treated wool and it is therefore concluded that  the sul- 
phonamide grouping is absent. 

i t  is possible to obtain fractions from the peracetic acid-treated wool by solution in 
ammonia 2, and the sp:'ctra of these fractions have also been examined in this frequency 
range. All the fractions show the two characteristic sulphonic acid peaks. The question 
as to whether the sulphonic acid groups are present as SO:~- or SOaH cannot at present 
be answered unambiguously from the available infra-red data. It is believed, however, 
that SOa groups are present in L-cysteic acid as zwitterions with NHa ~ groups. In 
support of this, infra-red data show L-cysteic acid to have an absorption peak at 173o cm -~ 
characteristic of mfionized earboxyl groups and also a band at approx. 205o cm -t which 
has been tentatively assigned to the NHa+ group 6. Since treated wool has its new absorp- 
tion peaks close in position to those of L-cysteic acid, this constitutes evidence for SO:~- 
groups rather than -SO3H, and it seems probable that strong salt links of the type 
-NH a . . . S O  a- are present in treated wool. This matter is discussed more fully else- 
whereL 
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,'-;[ TMMA l~ Y 

lnfra-re( l  st>ectra in the  range  ~4oo cm 1 9o0 cm i are p reseu ted  for v i rg in  wool, perace t ic  
ac id - t r ea ted  wool and  L-cysteic acid. Spectral  evidence,  using es tab l i shed  corre la t ions  be tween  
absorp t ion  f requencies  and  a tomic  groupings,  has been ob ta ined  in favour  (if the  d i rec t  fo rmat ion  
of su lphonic  acid groups  and n(it an i n t e r m e d i a t e  s u lphonami de  as a resul t  of t r e a t i n g  wool will1 
perace t ic  acid. 

RI~;S I ;M 1;; 

l :es spect res  infrarouges,  dans  la rdgi<)n 14oo cm I-9oo cm +, <le la la ine in tac te ,  de la la ine 
o x y d @  par  l ' ac ide  peracdt ique  et  (le l ' ac ide  L-cystdique sont  prdsentds. Les ind ica t ions  spectrales,  
in te rprd tdes  A l ' a ide  des cor re la t ions  connues  ent re  les frdquences d ' abso rp t i on  et  les g roupemen t s  
d 'a tomes ,  m o n t r e n t  que le t r a i t e m e n t  de la la ine t)ar l ' ac ide  peracdt ique  donne lieu /t la fo rmat ion  
(lirecte (te groupes sul foniques  et  non it la format ion  in te rmddia i re  (le sul fonamides .  

Z l ;S \hIM I';N FASSUN G 

In f ra ro te  Spek t r a  im Bereiche yon 14oo cnl 1 19oo CIH 1 wurden  fiir Naturwol le ,  mi t  Per- 
essigs~iure behande l t e  \.Volle und L-Cysteins~ture gemessen.  Auf Grund von zwischen \b so rp t ions -  
f requenzen und Atomgruppen  fes tges te l l ten  Wechse lbez iehungen  wurden  spek t ra le  Beweise zu 
Guns ten  einer d i rek ten  Bi ldung  von Sulfons~iuregruppen erbracht ,  ohne dutch  l>eressigs/iurebehand - 
lung tier \.Volle ve ru r sach te  Zwischenbil<hmg yon Sulfonamiden.  
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