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The preparatron of rntrogenous derrvatrves of cellulose IS of partrcular Interest 
m modrfymg the mechamsm and rate of oxrdation of cotton’ We have recently report- 
ed the preparatron of fibrous cellulose-poly(methy1 vmyl ketone)** copolymers2; 
a graft copolymer with a covalent linkage between cellulose and poly(methy1 vmyl 
ketone) IS formed We have now extended these mvestrgatrons to obtam mtrogenous 
derrvattves by the reactron of the ketone groups of the copolymers wrth hydroxylamme 
hydrochlorrde (1), semrcarbazrde hydrochlonde (2), and potassmm cyamde (3) plus 
ammomum carbonate 

ExPERlMENTAL 

Materzals - Deltapme cotton m the form of 7~13 yarn was purrfied to yield 
cellulose3 (mol wt 4 700,000) The ethanol, pyndme, sodmm acetate, ammomum 
carbonate, hydroxylamme hydrochlonde (l), semrcarbazrde hydrochlonde (2), and 
potassium cyamde (3) used, were of analytrcal grade Drstrlled water was used to 
prepare the solutrons The samples of fibrous cellulose-poly(methy1 vmyl ketone) 
were prepared by the methods described by Reme and Arthur’. 

MetJzodr - Physical tests were performed by ASTM methods’. 1.r. spectra of 
matenals m potassmm bronnde drscs (sample KRr = 1 300) were recorded with a 
Perkm-Elmer***, double-beam, I r spectrophotometer Nitrogen analyses were made 
by the KJeldahl method6 

Reactzon condztzons - The solutron was placed m a test tube (-3 x 20 cm) 
whrch had a standard-tapered end, and the fibrous cellulose-poly(methy1 vinyl ketone) 
copolymer was added. The tube was fitted wrth a condenser, and the contents were 

*NRC Resident Postdoctoral Research Associate, 1971-72 
**Poly(3-buten-Z-one) 
***Trade names are gwen as part of the exact expenmental cond&ons, and not as an endorsement of 
the products over those of other manufacturers 
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heated for the desired time an an 011 bath at rhe desired temperature After completion 
of the reaction, the treated, fibrous copolymer was removed from the solution, 
washed several times with dlstiled water, and dned for I h III an air stream at 60” 
The extent of reactlon was ascertamed by determmmg the mtrogen content and record- 
mg the i r. spectrum of the sample 

Reactron wzth 1 Fibrous celluIosepoly(methy1 vmyl ketone) copolymer (2 g), 
ethanol (20 ml), pyridme (5 ml), and compound 1 (2 6 molecular proportions per 
ketone group contamed in the copolymer) were refluxed for 2 h m’ an oil bath at 82” 
Then, the reacted, fibrous copolymer was washed with water, and dned in an air 
stream for 1 h at 60” Quantltatlve reactlons of the ketone groups of the copolymer 
with compound 1 were observed as follows reacted copolymer having 7 4% poly- 
(methyl vmyl ketone) “add-on” (Increase m weight) contained N 1.49% (talc 
1 37%); havmg 18% add-on, N 3 15% (caIc 3 OS%), having 30% add-on, N4 20% 
(talc 4 46%), and havmg 45% add-on, N 5 79% (talc. 5 92%) 

5 6 7 6 9 
WAVELENGTrl.pm 

Fig 1. Iufrared spectra A, punfied cotton cellulose, B, cellulose-poIy(methy1 vmyl ketone) 
copolymer, C, product from reaction of hydroxylamme hydrochloride (1) with cellulose-poly<methyl 
vmyl ketone) copolymer 

The I r spectrum of punfied cotton cellulose IS shown m Fig lA, and that 
of cellulose-poly(methy1 vmyl ketone) havmg 45% add-on m Fig lB, 5 87 pm 
(GO)' In Fig 1C IS shown the i r spectrum of the product from reaction of 1 with 
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cellulose-poly(methy1 vinyl ketone) copolymer havmg 45% add-on Comparison of 
spectrum 1B with spectrum 1C mdlcated that quantitative oxlmatlon of the copolymer 
at the ketone group (5 87 pm) had occurred The propertles of the oxlmated, fibrous 
cellulose-poly(methy1 vmyl ketone) copolymers are shown m Table I The oxlmated 
copolymers had properties satisfactory for most textile uses 

TABLE I 

PROPERTIES OF OXIhfATED, FIBROUS COTTON CELLULOSE-POLY(hPZTHYL VINYL KETONE) COPOLYMERs 

Polymer content 
of copolymer, 
% CL add-on” 

Breakmg Elongation- 
strength at-break 
x10-3 0 (%I 

Tenan ty 

We-d 

Breakrng 
toughness 

(g/ted 

Average 
st&hess 

We-d 

Controla 4 13 16 16 0 72 99 
Controlb 4 17 15 17 0 74 111 
Control’ 445 14 18 0 82 130 

75 3 13 13 11 0 50 84 
34 3 54 13 98 0 39 73 

“Punfied, fibrous cotton cellulose, 7 s/3 yarn bPurlfied yam irradiated to a dosage of 520 GeV/g 
‘Punfied yam (2 g) heated under reflux with pyndme (5 ml), ethanol (20 ml), and hydroxylamme 

hydrochlonde (1, 1 g) for 2 h at 82” 

Reactron witlz 2 - Fibrous cellulose-poly(methy1 vmyl ketone) copolymer 
(2 g), sodium acetate (1 g), water (25 ml), and compound 2 (2 6 molar proportions 
per ketone group contained m the copolymer) were heated for9 30 mm at 60” 
Then the reacted, fibrous copolymers were washed with water, and dried m an air 
stream for 1 h at 60” For products from reactxon of 2 with cellulose-poly(methy1 
\lnyl ketone) copolymer, both the I r spectra and the nitrogen analyses mdlcated 
that less than quantltatlve reactron of the ketone groups had occurred Reacted 
copolymer having 15% poly(methy1 vmyl ketone) add-on contamed N 5 89% (talc for 
quantltatlve reactlon, N 7 15%), having 27% add-on, N 8 22% (talc 10 94%), 
and havmg 35% add-on, N 10 14% (talc 12 94%) 

ReactIon wrtlz 3 - Fibrous cellulose-poly(methy1 vmyl ketone) copolymer 
(2 g), compound 3 (2 molecular proportions per ketone group contamed m the copoly- 
mer), ammonium carbonate (4 molecular proportlons), and 50% aqueous ethanol 
(40 ml) were heated” for 3 h at 80”; then the reacted, fibrous copolymers were washed 
with water, and dned for 1 h m an air stream at 60” For products from reactlon of 3 
and ammomum carbonate with cellulose-poly(methy1 vinyl ketone) copolymer, 
both the I r spectra and the mtrogen analyses Indicated that less than quantitative 
reactlon of the ketone groups had occurred. Reacted copolymer having 6 3% poly- 
(methyl vmyl ketone) add-on contamed N 1 08% (talc for quantitative reaction, 
assummg hydantom formation, 2 35%), havmg 16% add-on, N 2 73% (talc 
5 40%)) and havmg 27% add-on, N 3 76% (ca!c 8 00%) If formation of cyanohydrm 
denvatives of the copolymers IS assumed, based on mtrogen analyses, occurrence of 
quantitative reaction was mdIc&ed However, the formation of these denvatlves IS 
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unhkely, because presence of unreacted ketone groups was Indicated by the I r 

spectra, and there was no CN stretchmg absorption near* 4 5 pm m the spectra 
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