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Abstract--Soluble polymers and copolymers with bound tertiary amine groups react at room 
temperature with halogens and halogen compounds to give crosslinked systems. Crosslinking occurs 
in solution, emulsion and in polymer mixtures, in ultra-violet and visible light and in the dark. 

PREVIOUS work cl) has shown that unstable esters of ~-amino alcohols R 1R2NCH(Ra) - 
OCOR 4 and ~-halogeno-amines R1R2NCH(Ra)hal condense with tertiary amines to 
give oligomeric amines. Later, in an investigation of the condensation reactions of  
esters of  a-aminocarbinols, t2) gel-chromatographic analysis confirmed qualitatively ta) 
the formation of oligomeric amines during the reaction of  N,N-dimethylaniline and 
N-N-dimethyl-p-toluidine with tetrachloromethane. 

The results of subsequent work t4) showed that soluble polymers and copolymers 
with bound tertiary amino groups can be crosslinked at normal temperature by 
reaction with halogens or halogen compounds. This process of binding the macro- 
molecules has been proved in solution, emulsion and in polymer mixtures; it can be 
accelerated by a simultaneous action of  ultra-violet or visible light. The times needed 
for gel formation after the mixing of  amino polymers with a halogen or a halogen 
compound at room temperature are given in Tables 1-4. 

The following polymers containing tertiary amino groups were used: poly(p- 
dimethylaminostyrene), 1VI, ~ 2.4 x l0 s (polyDMAS); poly(2-dimethyl aminoethyl 
acrylate), 1~1. > 1 • 0 x l 0 s (polyDMAEA); poly(2-dimethylaminoethyl methacrylate), 
1VI n > 1-10 x l0 s (polyDMAEMA); copolymer of styrene and p-dimethylamino- 
styrene (polyS + DMAS) (3: l, w/w); copolymer of  2-dimethylaminoethyl acrylate 
and methyl methacrylate (polyDMAEA + MMA) ( l : l ,  w/w); poly(N-vinylcarbazol) 
(polyVCZ). 

A number of organic and inorganic low-molecular weight compounds (Tables 1-3) 
and the following halogen-containing polymers and copolymers prepared in our 
laboratory (Table 4) were used as halogen compounds: poly(2,2,2-trichloroethyl 
acrylate), IVI, ~ 3.3 x l0 s ; poly(1,2,2,2-tetrachloroethyl methacrylate), ~1, ~ 4.8 
x 10s; poly(styrene-co-2,2,2-trichloroethyl acrylate); poly(styrene-co-l,2,2,2-tetra- 
chloroethyl methacrylate); poly(styrene-co-2,3-dichloropropene); poly(styrene-co- 
trichloroethylene); poly(styrene-co-vinylidene chloride); poly(vinyl chloride), i~l, 
4 .6  × 104; and brominated polychloroprene, 1VI~ > 1.0 x 105 and n 2s 1.585. 
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TABLE 2. TIME NEEDED FOR GEL FORMATION AFTER ADDITION 

oF A hALOGEN COMI~OUND (X = 3"5 X I0-" tool) TO A 
SOLtrnON OF 0' 1 g oF POLY(2-DIMETHYLAMINOETHYL ACRYL- 
ATE) IN 2 cm a WATER AT ROOM TEMPERATURE IN THE DARK 

Sample no. X Gelation time 

87 Chloral (1 min) 
88 Cobalt dichloride (4 days) 
89 Rhodium trichloride (1 rain) 
90 Titanium tetrachloride (6 days) 
91 Potassium bromide (6 days) 
92 Potassium iodide (6 days) 

The polymer and copolymer solutions in an organic solvent (Table 1) or in water 
(Table 2), or  aqueous emulsions of  polymers (Table 3) were irradiated with a mercury 
discharge tube in Sial glass ampoules (Czechoslovakia) closed with a tap, for up to 
6 hr. I f  no gel formation occurred within this time, the ampoule was stored at room 
temperature with alternating daylight (scattered light filtered through the window 
glass) and night darkness. The data without brackets in the Tables denote the total 
time required under these conditions for gel formation. Similar solutions were 
simultaneously stored in complete darkness (the times until gel formation are given in 
brackets in the Tables). 

TABLE 3. T~E NEEDED FOR GEL FORMATION AFII~K ADDITION OF A HALOOEN COMPOUND ( X )  TO A LATEX 
COPOLYMER STYRENE -~- p-DIMETHYLAMINOSTYRENE (3" 25: l too l )  AT ROOM TEMPERATURE; THE LATEX 

CONTAINED 20 PER CENT OF DRY MATTER AND THE AMOUNT X WAS EQUIVALENT TO THE AMINO GROUP 
CONTENT IN THE POLYMER 

Sample no. X Emulsifier Gelation time 

93 2,2,2-Trichloroethanol Potassium laurate 10 rain (10 hr) 
94 2,2,2-Trichloroethanol Sodium mersolate 10 rain (10 hr) 
95 1,2,3,4-Tetrachlorobutane Potassium laurate 20 man 
96 Trichlorobromomethane Sodium mersolate 5 rain 

By acting with halogens and compounds of  the elements of  groups 3-8 of the 
periodic table containing one or more halogen atoms on polymers with a small 
number of  tertiary amino groups in the polymer chain, it was possible to bind several 
identical or different macromolecules while preserving their solubility. 

The viscosity of  the benzene solution of  poly(p-dimethylaminostyrene) alone did not 
increase in light until after 14 days; the viscosity of  solutions of  the other polymers 
remained unchanged even after 30 days. 

An investigation of  the reaction mechanism of  tertiary amino groups of  a polymer 
with halogen compounds is now in progress. 
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R6mm6---Les polym6res solubles et les copolym6res ayant des groupements amine tertiaires r6agissent 
/l la temp6rature ambiante avec les halog6nes et les compos6s halog6n6s en donna.at des syst6mes r6ti- 
cul6s. La r6ticulation se produit en solution, en 6mulsion et dans des m61anges de polym6res, /l ia 
lumi6re ultra-violette et visible et h rohscurit6. 

Sommario--Polimeri e copolimeri solubili, con gruppi aminici a legami terziari, reagiscono a tempera- 
tufa ambiente con gli alogeni e loro composti dando luogo a sistemi con legami trasversali. Tali legami 
trasversali si formano in soluzioni, emulsioni e miscele di polimeri, in presenza di luce, raggi ultra- 
violetti e alroscuritL 

Zusammenfassung--L/Ssliche Polymere und Copolymere mit gebundenen tertiiiren Amingruppen 
reagieren bei Rautemperatur mit Halogenen und Halogenprodukten unter Bildung vemetzter 
Systeme. Die Vemetzung erfolgt in L6sung, in Emulsion und in Polymermischungen, in ultraviolettem 
und sichtbarem Licht und im Dunkeln. 


