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SYNOPSIS 

Hydroxytelechelic polybutadienes carrying covalently bound quaternary ammonium salts 
were successfully synthesized in three steps. The first one was the preparation of 1- (N,N- 
dimethylaminopropyl) 1,1,3,3-tetramethyldisiloxane (MLA) by hydrosilylation. The ad- 
dition occurred mainly in the terminal position of the double bond, but isomers were formed 
in small proportion ( an  isomer resulting from an inverse addition and an isomer resulting 
from an  isomerization of the double bond). The proportion of these isomers increased with 
the concentration of catalyst ( HzPtCls). Similar results were obtained with a Pt (0)  -di- 
vinyltetramethyldisiloxane complex (Pt,DVDS) . The second step was the grafting of 
M;A onto the 1,2-units of a hydroxytelechelic polybutadiene by hydrosilylation. The yield 
of the reaction was higher than 90% and the OH functionality decreased slightly. Here 
again, different platinum catalysts were compared initial rates were higher with Pt,DVDS, 
but the final yields were better with HzPtCls. The last step was the quaternization of the 
pendant tertiary amino groups in methanol with alkyl bromides from COH17Br to CI6&Br. 
The yield of the reaction was higher than 90% and the OH functionality was not modified. 
0 1993 John Wiley & Sons, Inc. 

INTRODUCTION 

Coatings showing biocidal properties against micro- 
organisms are useful in many domains such as food 
manufacturing, hospitals, building trades, or marine 
applications (antifouling paints) .1-3 Actually bac- 
tericidal and fungicidal properties are granted to a 
coating by incorporating a biocide that is slowly re- 
leased. They are made in two ways: 

1. A molecular biocide is simply added to a clas- 
sical binder. It becomes active by migrating 
out of the polymer matrix. 

2. A biocidal compound is grafted to a polymer 
by a bond sensitive to hydrolysis. 

For example, organotin polymers based on acrylic 

* To whom correspondence should be addressed. 
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monomers are used in antifouling The an- 
chored biocide is released by chemical reaction with 
sea water. The rate of diffusion is slower than in the 
first case and protection is effective longer. 

However, in both cases, the biocidal activity de- 
pends on the liberation of the biocide in the envi- 
ronment, with two consequences: a progressive loss 
of activity with time and a hazard to the environ- 
ment (biocides are usually highly toxic). 

A different approach is to bind a biocidal group 
to a polymer through a covalent bond that will not 
be cleaved in the presence of microorganisms. If the 
chemical groups present at the surface of the mod- 
ified polymer are active by contact with the cell 
membrane of the microorganisms and if they are 
not modified during the process, a permanent activ- 
ity may be expected without liberation of toxic 
products. 

Among biocides, quaternary ammonium salts 
(QAS ) are widely used. QAS are effective biocidal 
agents' when one substituent is an alkyl chain with 
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at least eight carbon atoms.g They are claimed to 
cause the death of the cell by destroying the mem- 
brane integrity." Thus they can answer the above 
conditions. Nevertheless this new concept has re- 
ceived little attention."-12 QAS have been grafted 
onto PVC l1 and coatings prepared from this polymer 
exhibited better biocidal properties than classical 
paints containing organotin compounds during 2 
months in sea water, but the efficiency decreased 
after this period. This was probably due to a deg- 
radation of the skeleton of PVC that contained con- 
jugated double bonds formed during the grafting of 
QAS. Polymers based on methacrylic derivatives of 
chlorophenols have been prepared for the same pur- 
pose,12 but the biocidal activity of these materials 
and the absence of lixiviation have not been dem- 
onstrated. 

To prepare coatings with long-term biocidal 
properties, we chose polyurethanes known for their 
good ageing characteristics in outdoor applications. 
QAS were introduced as lateral substituents by 
chemical modification of a macromolecular polyol. 
Hydroxytelechelic polybutadiene ( HPB ) containing 
at  least two hydroxy groups per chain was chosen 
because the pendant vinyl groups in 1,2-units gives 
an addition reaction in mild conditions by hydro- 
silylation. 

Attempts to directly graft QAS onto HPB by hy- 
drosilylation were unsuccessful, probably because of 
their high hygroscopic capacity. The SiH function 
is sensitive to hydrolysis. For this reason, grafting 
was carried out in two steps: introduction of a ter- 
tiary amine quaternized later on by an alkyl bromide. 

EXPERIMENTAL 

Materials 

N,N-Dimethylallylamine ( Merck ) was distilled on 
sodium (Eb = 63"C, GC purity > 99.9% ) . N,N-Di- 
butylallylamine was obtained from dibutylamine and 
allylbromide (2  : 1 ) in ethanol (24 h at 80°C). Con- 
centrated NaOH was added to liberate the excess of 
dibutylamine and the mixture of secondary and ter- 
tiary amines was separated according to Hinsberg's 
method.13 N,N-Dibutylallylamine was finally dis- 
tilled on sodium under reduced pressure ( GC purity 
> 99%). 

1,1,3,3-Tetramethyldisiloxane (Janssen) was 
distilled on calcium hydride before use (Eb = 70"C, 
GC purity > 99.9% ) . 1,1,3,3,5,5,7,7-0ctamethyltet- 
rasiloxane (Petrarch) was treated similarly (Eb 
= 170"C, GC purity = 96% ). 

Hexachloroplatinic acid ( Aldrich, purity > 99.9% ) 
was dissolved in isopropanol (0.5 M )  . Pt-Divinyl- 
tetramethyldisiloxane complex ( Petrarch ) in xylene 
solution (0.15 M )  was used as received. 

Hydroxytelechelic polybutadiene HPB 1 and 
HPB2 are commercial products from Atochem (Po- 
lybd R45HT) and HPB3 is a commercial product 
from Nippon Soda (GlOOO). In some cases, they 
were precipitated in methanol to eliminate antiox- 
idant, but no difference in hydrosilylation was ob- 
served between purified and unpurified polymer. 

n -0ctyl bromide, n -decyl bromide, n -dodecyl 
bromide, and n-tetradecyl bromide ( Aldrich) were 
distilled before use (GC purity > 99.9% ) . n -Hexa- 
decyl bromide ( Aldrich) was used as received (GC 
purity x 98% ) . 

Synthesis 

Preparation of N, N-Dialkylaminopropylsiloxanes 
(M;A) 

N,N-Dimethylaminopropyltetramethyldisiloxane 
(AS1 ). N,N-dimethylallylamine was slowly added 
to a large excess of tetramethyldisiloxane in the 
presence of hexachoroplatinic acid at 75°C under 
nitrogen.14 The excess of siloxane was distilled off 
at atmospheric pressure. Monoadducts were then 
distilled under reduced pressure (yield > 90% ) . 
Three isomers were obtained in proportions de- 
pending on the conditions. The main impurity was 
M', (= 2%). 

N,N-Dimethylaminopropyloctamethyltetrasiloxane 
(AS2) .  The compound was obtained in similar 
conditions (main product = 97.4%, secondary iso- 
mers = 1.7%, residual tetrasiloxane = 0.9% ). 

N, N-Dibutylaminopropyltetramethyldisiloxane 
(AS3) .  In this case, the separation of M', by distil- 
lation was complete (main product = 97.576, sec- 
ondary isomers = 2.5% ) . 

Grafting of Mi A Onto HP5 

The addition of M',A onto the 1,2-units of HPB was 
carried out in hexane under reflux. Hexachloropla- 
tinic acid and HPB were let in contact for 15 min 
before adding M',A. The extent of reaction was fol- 
lowed by IR at  2120 cm-' ( SiH stretching) using a 
Perkin-Elmer Model 580 IR spectrometer. At the 
end of the reaction, the modified polybutadiene 
(HPBA) was precipitated in methanol and dried 
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under vacuum. Similar results were obtained with 
dimethylamino and dibutylamino derivatives. 

Quaternization of HPBA 

In the case of dimethylamino derivatives, the re- 
action was carried out a t  78OC in ethanol with a 
stoichiometric ratio of each reactant. HPBA is in- 
soluble in ethanol contrary to HPBAQ which is sol- 
uble. Consequently, the solution became clear as the 
reaction progresses. At the end of the reaction, 
ethanol was evaporated and the polymer HPBAQ 
was dried under vacuum. 

In the case of HPBA with dibutylamino groups, 
the reaction was carried out a t  115°C in nitroben- 
zene solution during 48 h. 

The yields of grafting and quaternization were 
determined by 'H NMR. 

Measurements 

Molar masses of HPB and HPBA were measured 
by SEC in tetrahydrofuran with a Waters apparatus 
(microstyragel columns: lo5,  lo4,  lo3,  500, 100 A )  
calibrated with standard polystyrene samples, and 
by VPO in toluene at  37°C (Wescan model 233). 

'H NMR spectra were performed on a Bruker 
ACE 200 spectrometer (200 MHz) . 

GC ( Perkin-Elmer 8500, capillary columns; flame 
ionization detector) was used to follow the reaction 
of allyldimethylamine with Mi.  Response factors of 
allylamine, Mi,  MLA (isomer a ) ,  and MbA2 were 
determined independently with respect to pyridine 

(used as internal standard). The value found for 
isomer a has been attributed to isomers b and c 
(0.700). 

RESULTS AND DISCUSSION 

The synthesis of HPB carrying QAS side chains was 
carried out in three steps ( Scheme 1 ) . The first step 
was the preparation by hydrosilylation of a disilox- 
ane bearing an SiH group at  one end and a tertiary 
amine at  the other end ( MbA). The aminoalkylsi- 
loxane was then added to the vinyl groups of HPB 
again using hydrosilylation. The third step was the 
quaternization of the pendant tertiary amine by an 
alkyl bromide. 

Preparation of 1 - (N,N-Dimethylaminopropyl) 
1,1,3,3-Tetramethyldisiloxane (MdA) 

M; A was prepared by hydrosilylation of N,N-di- 
methylallylamine (A) with 1,1,3,3-tetramethyldi- 
siloxane ( M i )  in bulk. In the literature, most cat- 
alysts of hydrosilylation are based on ~1at inum.l~ In 
this work, two catalysts were used and compared 
hexachloroplatinic acid in isopropanol solution 
known as Speier's catalyst16 and a complex of 
Pt ( 0 )  with divinyltetramethyldisiloxane (Pt,DVDS) 
known as Karstedt's ~ata1yst.l~ 

Speier's Catalyst 

A large excess of M; was used in order to prevent 
the formation of the diadduct. GC chromatograms 

HSi(CH,),OSi(CH,),H + CH,=CH-CH,-N(CH,), --+ HSi(CH,),OSi(CH,),(CH,),N( CH,), 

M; M;A 
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a b C  =Si-CH,-CH,-CH,-N c isomer a 
CH,=CH-CH,-N < 

CH,-CH-CH,-N c isomer b 
\ 

isomerization ~ I 
S i c  

CH,-CH,-CH-N c isomer c 
\ 

I 

I 
CH,-CH=CH-N < 

Si= 

Scheme 2 Formation of isomers a, b, and c. 

of the final product purified by distillation show one 
major peak and two small peaks of close retention 
times. The percentages of the three products vary 
with experimental conditions. For example, with a 
concentration in H2PtC16 of mol - L-' and with 
a ratio [Mi]  / [ A] = 5, the proportions are 93.4%, 
3.6%, and 3.0%. 

It is known that during the reaction of a silane 
with a vinyl group, the silicon atom adds mainly on 
the terminal carbon (isomer a ) ,  but inverse addition 
is also observed (isomer b )  l8 (Scheme 2) .  The main 
product has been identified as isomer a by 'H NMR. 
The spectrum shows a singlet a t  0.05 ppm 
[ OSi ( CH3),-R], a doublet with a very small coupling 
constant at 0.2 ppm [ OSi ( CH3)2H] ) , and a multi- 
plet at 0.45 ppm due to a CH2 adjacent to a silicon 
atom (these three peaks in a ratio 6 : 6 : 2 ) .  In ad- 
dition, a small peak at  0.9 ppm may be attributed 
to a methyl group in P-position from a silicon atom. 
It is therefore characteristic of the isomer b .  

On the other hand, hydrosilylation catalysts are 
able to induce isomerization of the double b ~ n d . ~ ~ . ~ '  
In the case of N,N-dimethylallylamine, the forma- 
tion of CH3 - CH = CH - N (CH3)2 is probably 
favoured by conjugation. On this compound, the sil- 
icon atom may add on both carbon atoms leading 
to isomers b and c (Scheme 2 ) .  Thus the formation 
of three isomers is expected. 

The concentration of H2PtC16 has an effect on 
the overall yield of hydrosilylation, and on the pro- 
portion of isomers. The reaction was followed by 
GC (see EXPERIMENTAL). Plots of the yield of 
hydrosilylation versus time are reported in Figure 1 
for three H2PtC1, concentrations. In the concentra- 
tion range 10-3-10-4 mol * L-l, the reaction is almost 
complete in a few minutes. At mol-L-', the 
rate of reaction is much lower and the yield seems 
to reach a limit of around 70% after 2 h. We have 
shown in a preceding paper that tertiary amino 
groups have an inhibitory effect during hydrosily- 
1ati0n.l~ This effect was attributed to the formation 
of an inactive amine-Pt complex, and the same ex- 

planation holds in the present case. Consequently 
the catalyst concentration required to get high re- 
action rates and complete conversion was somewhat 
higher than in other hydrosilylation reactions. 

In Figure 2, the percentages of secondary isomers 
( b  and c )  are plotted as a function of the extent of 
reaction for three catalyst concentrations. At a con- 
centration of 1 0 - ~  mol - L-' , only one isomer was 
formed [Fig. 2 ( a ) ] ,  whereas both isomers were ob- 
served at higher concentration [Fig. 2 (b, c )  1. The 
presence of isomer c implied an isomerization of the 
double bond (Scheme 2 )  and, in that case, isomers 
b and c were expected to be formed simultaneously. 
Consequently the isomer that appeared alone at low 
H2PtC16 concentration may be identified as isomer 
b and the supplementary isomer formed at high con- 
centration as isomer c .  This shows that a high con- 
centration in H2PtC16 favours isomerization. More- 
over, at the concentration of mol - L-', the ratio 
c / b  was greater than 1 that means that the formation 
of isomer c from the isomerized ethylenic compound 

0 z 
x 
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Figure 1 Effect of H,PtCI, concentration on the overall 
yield of hydrosilylation of allyldimethylamine ( A )  by 
Mb. [Mi]  =5.02mol.L-'; [A] = lmol-L-';temperature: 
75°C. (A) [H2PtC16], = mol-L-'; (0 )  [H,PtCI,], 
= 10-~ mol-L-'; ( w )  [H&Cls], = 1 0 - ~  mo1-L-l. 
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Figure 2 Influence of the catalyst on the formation of 
isomers (., 0 )  b and (0 )  c during hydrosilylation of al- 
lyldimethylamine (A) by M;. [M;] = 5.02 mol-L-'; [A] 
= 1 mole L-'; temperature: 75°C. A: (m) [H2PtCI,], = 

mol - L-'; (0)  [ Pt,DVDS], = lo-' mol - L-'; B: [ H2PtC4], 
= mol.L-'; C: [H2PtC16], = mol-L-'. 

is preferred to the formation of isomer b .  This may 
due to the interaction of the nitrogen atom with the 
platinum atom complexed by the double bond of the 
isomerized form favouring the addition of hydrogen 
in @-position (Scheme 2 ) .  

At a ratio [ Mk] /[A] = 5, diadducts appeared only 
at the end of the reaction (extent of reaction > 0.85) 
and their formation was limited to about 4%, what- 
ever the catalyst concentration (Fig. 3 ) .  As expected, 
the percentage of diadducts increased when the ratio 
[ M',] /[A] decreased (Fig. 4 ) .  For instance, using a 
ratio [M',]/[A] = 2, the percentage of diadducts 
was already 9% for an extent of reaction of 0.82. 

Karstedt's Catalyst 

In the case of HzPtC16, the exact structure of the 
active species was not known. They were probably 
Pt (11) or Pt (0)  derivatives depending on the con- 
centration of the silane  function^.'^ It is known that 
Pt (0)  formed in situ by reduction of a Pt (IV) com- 
pound by a silane exhibits a very high a~tivity. '~ On 
the other hand, P t ( 0 )  complexes such as P t (0)  
complexed by Pt,DVDS (Karstedt's catalyst), l7 by 
cyclooctadiene,21 or by styrene" are also very active 
hydrosilylation catalysts. 

The activity of HzPtC16 has been compared with 
that of Pt,DVDS in experiments carried out a t  two 
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u r  - 
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Figure 3 Effect of H2PtCI, concentration on the for- 
mation of diadducts. [M;] = 5.02 mol-L-'; [A] = 1 
rno1.L-l; temperature: 75°C. (0) [H2PtC&], = 
mol-L-'; (A) [H2PtC16], = mol.L-'. 

Extent of reaction 

platinum concentrations ( and mol. L-') 
with each catalyst a t  a ratio [Mi]  /[A] = 5 (Fig. 5 ) .  
The initial rates of hydrosilylation were higher for 
Pt,DVDS but the catalyst turnover was not better. 
On the contrary, a t  a concentration of mol - L-', 
a limiting yield of 50% was obtained with Karstedt's 
catalyst to be compared with 70% in the case of 
Speier's catalyst. The inhibition of the catalyst by 
tertiary amino groups seems to be also effective with 
Pt,DVDS. The fact that H2PtC1, compared satis- 
factorily with Pt,DVDS seems to confirm that, in 
the presence of an excess of silane, Speier's catalyst 
is reduced to an active zero-valent form of platinum, 
as suggested earlier.14 
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Figure 4 Influence of the ratio [Mi],/ [ A], on the for- 
mation of diadducts. [ H2PtC4]./[ A], = tempera- 
ture: 75°C. (.) [M~],/[A],  = 2; ( 0 )  [M;]./[A], = 3; 
(A) [M~I,/[AI, = 5. 

Extent of reaction 



656 HAZZIZA-LASKAR ET AL. 

. 
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Figure 5 Catalytic activity of H2PtC16 and Pt,DVDS 
on the kinetics of hydrosilylation of allyldimethylamine 
( A )  by Mi. [Mi]  = 5.02 mol-L-'; [A]  = 1 mol-L-'; 
temperature: 75°C. H2PtC16: ( A )  
mo1.L-'; Pt,DVDS: (A) mol-L-', (0 )  
moI - L-'. 

mol. L-l; ( w )  

Concerning the formation of isomers b and c ,  no 
significant difference was found between the two 
catalysts [Fig. 2 (a ) ] .  Conflicting results have been 
reported in the literature concerning the capability 
of Pt,DVDS to suppress anomalous addition. It was 
found that inverse addition on a terminal C=C 
bond was completely absent with this catalyst 
whereas it could reach 30% of the final products 
with H2PtC16.23 On the contrary, inverse addition 
was found to amount to 20% during the hydrosily- 
lation of an allylcarbonate in the case of Pt,DVDS.24 

Grafting of M;A Onto HPB 

Characteristics of HPB 

Three commercial samples of HPB were used. Molar 
masses were determined by VPO and SEC. The mi- 
crostructure was identified by 'H NMR [ Fig. 6 ( a )  ]. 
The content in 1,2-units was calculated from the 
intensities of the signals of the ethylenic protons in 
1,2-units (5  ppm; 5.4-5.6 ppm) and in 1,4-units (5.4 
ppm) (Table I ) .  Three signals corresponding to dif- 
ferent types of primary alcoholic groups were iden- 
tified according to Fages and Pham.25: 

OH1: > C=CH-C&OH at 4.15 ppm; 

OHp: -CHt-CH=CH-CH.-OH at 4.05 ppm; 

OHI: HO-CB-CH- at 3.58 ppm. 
I 

CH=CHp 

The OH-functionality (number of hydroxy per 
chain) was calculated from the integration of these 

weak signals (requiring a large number of scans), 
knowing the molar mass (Table I). 

Synthesis of HPBA 

Hydrosilylation was used for grafting the aminoal- 
kylsiloxane M',A onto the 1,2-units of HPB. The 
reaction was carried out in hexane or toluene in the 
presence of a platinum catalyst: here again H2PtC16 
and Pt,DVDS were compared. IR absorption at 2120 
cm-' [ Si- H stretching in OSi ( CH3)2H groups] 
was used to follow the extent of the reaction as a 
function of time. 

Speier's Catalyst. We found that long periods of in- 
duction were observed when the reactants and the 
catalyst were introduced together in the reactor. 
When the polymer was in excess with respect to the 
silane, the induction period may be completely sup- 
pressed if the polymer and the catalyst were left in 
contact for 15 min before adding the ~i1ane.l~ This 
was interpreted by the necessary complexation of 
the double bonds of the polymer with platinum. 

When polymer and silane were used in equimolar 
ratio, a time of contact of 15 min between polymer 
and catalyst markedly decreased the induction pe- 
riod, but the time-conversion plots still presented a 
phase of acceleration (Fig. 7) .  Simultaneously, the 
solution turned black and insoluble particles were 
observed under the microscope. These observations 
may be interpreted by the formation of very reactive 
colloidal Pt (0) by reduction of Pt( 11) by the silane.26 
Effectively, the acceleration began sooner and was 
more pronounced when the concentration of silane 
was higher. A reaction scheme based on this as- 
sumption was in agreement with the observed ki- 
netic behavi0~r.I~ 

Karstedt's Catalyst. Contrary to H2PtC16, there was 
no induction period with Pt,DVDS (Figs. 8, 9)  and 
a time of contact between polymer and catalyst did 
not change the initial rate (Fig. 12). This was con- 
sistent with the fact that Pt(0)  is already complexed 
by double bonds. If exchange between divinyltetra- 
methyldisiloxane and HPB took place, the reaction 
was probably fast. 

To compare the two catalysts, two cases should 
be distinguished. When the silane concentration was 
low (HPB in excess), there was no acceleration pe- 
riod in the case of H2PtC16 and the time-conversion 
plots were similar in both cases. The comparison 
was favourable to H2PtC16: for a given Pt-concen- 
tration, the rates and the maximal yields were higher 
(Fig. 8). This means that, in these conditions, Pt (0) 
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Figure 6 
CDCIB ; temperature: 25 O C. 

200 MHz 'H NMR spectra of ( a )  HPB, (b)  HPBA, and ( c )  HPBQA. Solvent: 

in Karstedt's catalyst was less reactive than Pt (11) 
formed from HzPtCls, probably because the latter 
remained soluble. The kinetic order in silane was 
determined from tangents to the experimental plot 
[ SiH] = f ( t )  . The value was equal to 2 as in the 
case of H2PtC16 (Fig. 9 )  .14 An explanation similar 
to that proposed for HzPtCls may be ~uggested.'~ 
The first step would be the oxydative addition of 
Si - H on Pt (0) -olefin complex: 

\c/ H I \ /  
C 

C C 
11 ...... pto + H-S~E + 11 ...... pt" - s i ~  

/ \ (1) / ' (11) 

The rate-determining step would be the reaction 
of a second silane molecule with the activated double 
bond of compound (11) according to: 

H 
I I I  

I I  
0 ...... pt" -S~E + H - c - c - S i ~ .  

(111) 

The electronic vacancy of (111) would be rapidly 
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Table I Macromolecular Characteristics of Commercial HPBs 

HPBl 20 2800 2800 2.5 17 46 37 
HPB2 20 3100 4300 2.6 15 49 36 
HPB3 88.6 2000 1800 2.0 - - - 

HPBl and HPBB: polybd R45HT (Atochem); HPB3: GlOOO (Nippon Soda). 

filled by coordination with a double bond, regener- 
ating the active intermediate (11). 

The kinetic order in Pt was determined in a con- 
centration range of 4.3 10-4-1.5 mol. L-' with 
a ratio [SiH]/[ C=C] = 0.136. According to the 
second order in silane, plots of 1 / [ SiH ] - 1 / [ SiH 1, 
versus time were linear during a large part of the 
reaction (Fig. 10). However, these straight lines did 
not pass through the origin and the intercept was 
more pronounced at  high [ Pt 1,. Moreover the slope 
of the linear part, kappr increased with [ Pt], and a 
logarithmic plot of kaPp versus [ Pt], led to an order 
in platinum equal to 1.25 (Fig. 11 ) , whereas a value 
equal to 1 was derived for HzPtCls in similar con- 
ditions. This suggested some state of aggregation. 
On the other hand, the transient phenomenon ob- 
served in the plots of 1 / [ SiH ] - 1 / [ SiH], versus 
time suggested some change in the reactivity of the 
catalyst. This was consistent with the hypothesis 
that a very active colloidal platinum was formed in 
the presence of silane functions.26 

When the reactants were used in equimolar ratio, 
using higher silane concentration, the comparison 
between the two catalysts was more difficult, because 
an acceleration took place in the case of HzPtC16 
(Fig. 12). At high Pt concentration (= 
mol - L-' ) , the initial rates and the half-reaction 
times were shorter in the case of Pt,DVDS but both 
catalysts led to the same final yield (about 90% ) . It 
is worthwhile to note that the maximal rate obtained 
with HzPtC16 at  the inflexion point of the time-con- 
version plot was comparable to the initial rate in 
the case of Pt,DVDS. This may indicate that the 
active species formed in both cases were similar, 
probably a colloidal Pt(0) as suggested above. As 
usual in heterogeneous catalysis, the reactivity may 
largely depend on the particle size and state of ag- 
gregation. However if the Pt concentration is low- 
ered ( N 3.0 mol - L-' ), a limiting yield of about 
70% is observed in the case of Pt,DVDS whereas 
HZPtCl6 leads slowly to 90% hydrosilylation. The 
explanation may be the same as in the previous sec- 
tion concerning the reaction of allylamine with 

M;. The inhibitory effect of tertiary amine is prob- 
ably also effective in the case of a Pt (0) derivative. 
Thus in the present system, Pt,DVDS presented no 
advantage with respect to H2PtC16. 

Other Amirwalkykiloxanes. The nature of the amino 
group and the length of the siloxane arm were varied 
in order to check the influence of the chemical 
structure of the QAS on the biocidal properties of 
thep~lymer. '~ 1- (N,N-dibutylaminopropyl) 1,1,3,3- 
tetramethyldisiloxane and 1- (N,N-dimethylamino- 
propyl) 1,1,3,3,5,5,7,7-octamethyltetrasiloxane were 
also grafted on HPB1. Hydrosilylation yields were 
always higher than 90%. 

Characterization of HPBA 

The 'H NMR spectrum of the modified polymer 
(HPBA) showed an almost complete disappearance 
of the signal attributed to the 1,2-units whereas the 
signal of the 1,4-units was still present [Fig. 6(b)] .  
Grafting of the aminoalkylsiloxane was confirmed 

0 10 20 30 40 50 60 

Reaction time in min 

Figure 7 Induction period during the hydrosilylation 
of HPB by M;A in the presence of HzPtC16: influence of 
a time of contact ( tc) between HzPtC1, and HPB. 
[ H2PtCb] = 9.5 mol - L-I; [ - CH=CHz], = [ SiH], 
= 0.33 mol * L-'; temperature: 75°C. ( 0 )  tc = 0; ( A )  tc = 

5 min; (B) tc = 15 min; (0) tc = 60 min. 
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Reaction time in min 

Figure 8 Catalytic activity of H2PtCl6 and Pt,DVDS 
on the kinetics of hydrosilylation of HPB by M',A at a 
ratio[-CH=CH2]/[SiH]&l. [-CH=CH2],=0.66 
mol - L-I; [ SiH], = 0.086 mole L-'; temperature: 75°C. 
HzPtC16 (tc = 15 min): ( W )  3.2 mo1-L-l; (0) 8.0 

mo1.L-I; ( A )  7.8 
10-~ mol-L-I. 

mol-L-'. Pt,DVDS: (A) 4.3 

by the presence of signals corresponding to CH3 
(0.05 ppm) and CH2 (0.5 ppm) linked to silicon 
atoms. 

We checked that the addition of the silane func- 
tions occurred mainly on the vinyl groups. The con- 
tent of 1,4-units, x, after reaction may be calculated 
from the NMR spectrum of HPBA [Fig. 6 (b) ] ,  
considering the integrations of the protons in 1,4- 

-4,O -3.5 -3,O -2.5 -2,o 

Log [SiH] 

Figure 9 Determination of the kinetic order in silane 
in the presence of H,PtCI, and Pt,DVDS at a ratio 
[-CH=CH2I/[SiH] + 1. Temperature: 75°C. (0) 
[ H ~ P ~ C ~ G ]  = 9.7 mol-L-'; [-CH=CH,], = 0.66 
mol- L-'; [ SiH], = 0.099 mol- L-'; (A) [ Pt,DVDS] = 1.1 

mol-L-'; [-CH=CH2], = 0.66mol.L-'; [SiH], 
= 0.09 mole L-I. 

60 

// 

0 20 4 0  60 8 0  100 1 2 0  

Reaction time in min 

Figure 10 Second-order plots for the silane consump- 
tion during hydrosilylation of HPB with M',A at a ratio 
[ - CH = CHz] / [ SiH] F 1 in the presence of Pt,DVDS. 
[ SiH], = 0.09 mol. L-'; [ - CH=CH2] = 0.66 mol. L-'; 
temperature: 75°C. ( W )  [PfDVDS] = 4.3 mol-L-'; 
(0 )  [Pt,DVDS] = 7.82 mol-L-'; (A) [Pt,DVDS] 
= 1.1 10-3m~l.L- ' ;  (+)  [Pt,DVDS] = 1.5 10-3m~l-L-1.  

units, in unreacted 1,2-units, and in grafted 1,2- 
units. For HPB1, the value of x thus calculated was 
slightly but significantly lower than the theoretical 
value 0.8 (x = 0.782 f 0.008). Two explanations 
were considered 

1. First, disubstituted double bonds ( 1,4-units) 
might be weakly reactive in hydrosilylation. 
In this hypothesis, the fraction of reacted 1,4- 
units, deduced from the value of x, would be 
equal to 2.25%. 

2. Second, the unreacted aminoalkylsiloxane 

-8,O -73 -7,O - 6 3  -6,O 

LOSIW 

Figure 11 Kinetic order in Pt,DVDS during hydrosi- 
lylation of HPB with M',A a t  a ratio [ - CH=CH2]/ 
[ SiH] + 1. [ SiH], = 0.09 mol. L-'; [ - CH=CH2] = 0.66 
mole L-'; temperature: 75°C. 
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Figure 12 Catalytic activity of H2PtC16 and Pt,DVDS 
on the kinetics of hydrosilylation of HPB by M;A in equi- 
molar ratio. [SiH], = [- CH=CHP] = 0.33 mol-L-'; 
temperature: 75°C. ( A )  [H2PtC16] = 3.1 mo1-L-l 
(tc = 15 min); (m) [H2PtC16] = 9.7 mol.L-' (tc = 
15 min) . (A) [ Pt,DVDS] = 2.9 mole L-' (tc = 0)  ; 
(El) [Pt,DVDS] = 9.7 mo1.L-l (tc = 0) ;  (0 )  
[Pt,DVDS] = 9.7 lo-* mo1.L-l (tc = 15 rnin). 

might remain in the polymer in spite of 
methanol precipitation. In this case, x is 
equal to 0.8 and the contents of modified and 
unmodified 1,2-units may be calculated from 
the 'H NMR spectrum. The values are 0.182 
and 0.018, respectively (yield of hydrosily- 
lation 91% ) . In this hypothesis, the content 
of free M;A contained in the polymer was 
found equal to 0.022, a value corresponding 
closely to the content of unreacted 1,2-units 
(0.018). As the reactants were used in equi- 
molar ratio in these experiments, this means 
that ungrafted MbA was probably not elim- 
inated by precipitation. This last hypothesis 
appeared more likely than the first one. 

Molar Mass of HPBA 

The experimental values of the molar masses of 
HPBA determined by SEC and VPO were always 
higher than the theoretical values (Table 11). SEC 

chromatograms were usually asymmetrical with a 
shoulder toward the higher molar masses (Fig. 13). 
An analysis of the SEC traces showed that the en- 
velop could be resolved in two peaks, the peak of 
low molar mass corresponding approximately to the 
theoretical value, the other one corresponding to 
values 2-3 times larger. This was probably due to 
some chain coupling caused by the presence of Mh 
that acts as a bifunctional impurity (GC chromato- 
grams of M',A effectively showed the presence of 
residual Mh and the effect on molar mass was less 
pronounced when the purity of M',A was improved). 
A similar phenomenon was observed by Cameron 
and Ourish2' during hydrosilylation of polybutadi- 
ene by chlorodimethylsilane. In that case, hydrolysis 
of chlorodimethylsilane by traces of water was re- 
sponsible for the formation of Mb. 

0 H- Functionality of H PBA 

'H NMR spectrum of HPBA showed three peaks 
between 3.1 and 4.1 ppm corresponding to the three 
types of primary alcohols previously discussed in 
the case of HPB. The functionality was calculated 
from the integrations of the signals and the theo- 
retical molar mass of HPB. Values varying between 
2.3 and 1.9 were found, that is, slightly lower than 
the initial value (2.5). This was probably due to a 
reaction of the OH groups with the silane. This was 
checked by mixing M;A with an excess of isopro- 
panol in the presence of hexacloroplatinic acid. 1- 
Dimethylaminopropyl 1-isopropoxy 1,1,3,3-tetra- 
methyldisiloxane was formed quantitatively and 
identified by 'H NMR [ SiCH3, 6 = 0.05 and 0.09 
ppm ( s ) ,  12H; SiCH2, 6 = 0.5 ppm (m),  4H; 
(CH3),CH,6 = 1.2ppm(d),6H;CH2-CI&-CH2, 
6 = 1.5 ppm (m), 2H; C€12-N(CH3)2, 6 = 2.2 ppm 
(m), 8H; (CH3)2CH, 6 = 4.1 ppm (s), lH] .  

The proportions of the three types of alcohols 
were modified after hydrosilylation (Table 11). OH1 
was only slightly modified, but OH2 strongly de- 
creased and OH3 increased. The apparent transfor- 
mation of one type of hydroxy groups in another 
one was puzzling. This may be due to a migration 
of the double bond according to: 

Table I1 Macromolecular Characteristics of Modified HPBs, HPBA 

HPBlA 91 9800 10000 1.9 16 24 60 
HPBZA 89 7700 9500 1.8 11 33 56 
HPB3A 97 - 1.6 - - - - 



BIOCIDAL POLYMERS ACTIVE BY CONTACT. I 661 

106 1 0 5  104 103 102 

M (9. rnol-1) 

Figure 13 SEC traces of a sample of HPB2 ( M ,  = 4300 
g . mol-', dashed line) and the same polymer grafted with 
18% of N,N-dimethylaminopropyltetramethyldisiloxane 
( M ,  = 9500 g - mol-', theoretical value: 7300). 

Another explanation for an apparent increase of 
OH3 might be the presence of traces of methanol 
used for polymer precipitation (the methyl protons 
of methanol have the same chemical shift as the 
methylene protons of OH3). In this case, the func- 
tionality would be overestimated. 

However, it is noteworthy that the limited loss 
of OH groups was more than compensated by the 
increase of the average DP of the polymer due to 
chain coupling. Thanks to this effect, the real func- 
tionality was largely higher than 2. 

Quaternization of HPBA 

Quaternization was carried out with alkyl bromides 
that are more reactive than chlorides. According to 
the literature, high yields are obtained in polar sol- 
vents such as ethanol or methanol." However, 
HPBA is not soluble in these solvents, but it is sol- 
uble in a mixture of THF/ethanol (50/50). At- 
tempts to carry out the reaction in this mixture were 
not satisfactory. In stoichiometric conditions, the 
yield of quaternization was limited to 60% (Fig. 14). 
An excess of alkyl bromide was necessary to get 
yields higher than 90%, but the excess of alkyl bro- 

mide was very difficult to eliminate due to its high 
boiling point and to its solubility in the same sol- 
vents as the quaternized polymer (HPBAQ) . 

Experiments were also carried out in pure ethanol 
under reflux without an excess of alkyl bromide. The 
medium was heterogeneous at the beginning (Fig. 
14). However, as the reaction is progressing, the 
polymer becomes gradually soluble. In these con- 
ditions, the reaction was almost complete in about 
8 h whatever the alkyl bromide between C8HI7Br 
and C16H33Br. 

'H NMR spectrum of HPBAQ reported in Figure 
6 ( c )  showed that the signal at 2.18 ppm corre- 
sponding to the protons of the amino groups dis- 
appeared. New signals at 3.35 and 3.48 ppm were 
respectively assigned to the protons of CH3N + and 
C&N+ groups. These assignments were confirmed 
by the study of a model bis- (dimethyloctylpropy- 
lammonium) tetramethylsiloxane dibromide. The 
'H NMR spectrum of this compound showed two 
signals at 3.28 and 3.55 ppm with an integration 
ratio of 3 : 2. In the case of HPBAQ, the yields of 
quaternization deduced from NMR are higher than 
90%, but the unreacted octyl bromide not separated 
from the polymer complicated the spectrum. A po- 
tentiometric titration of the bromide ions gave sim- 
ilar values. 

SEC chromatograms of HPBAQ could not be ob- 
tained, probably because of retention on microstyr- 
age1 columns due to the ionic character of the 
polymer. 

OH-Functionality of HPBAQ 

The determination of the OH groups in HPBAQ by 
NMR was more difficult, because the alcoholic 

0 5 10 15 20 

Reaction time in hours 

Figure 14 Quaternization of HPBA by CsH17Br in 
equimolar ratio. [ C8HI7Br] = 0.3 mol. L-'; ( 0 )  in a mix- 
ture of THF/ethanol (50/50) at reflux; (.) in pure 
ethanol ( T  = 78°C). 
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groups OH3 are hidden by the signals corresponding 
to the protons in the a position of the quaternary 
nitrogen atom. In the region around 4 ppm, the 
spectrum showed two peaks assigned as OH, and 
OH2. Assuming that the proportions of the different 
types of alcoholic groups were not modified during 
the reaction, a value of 1.9 was calculated for the 
apparent functionality of HPBlAQ, identical to that 
of HPBA. There was no loss of hydroxy group during 
quaternization. 

CONCLUSION 

Conditions were found for the preparation of HPBs 
bearing covalently bound QAS as lateral groups 
through a disiloxane spacer. The yields reach 90% 
for each step. A close examination of the side re- 
actions showed that they were minimal and globally 
not detrimental. A small decrease of the number of 
OH groups per chain was observed during hydrosi- 
lylation but the functionality was artificially main- 
tained at values higher than 2 by some chain cou- 
pling due to traces of tetramethyldisiloxane M’, . 

Several polymers were prepared containing var- 
ious proportions of QAS and various substituents 
on the nitrogen atom. These polymers were used to 
prepare polyurethane films and the biocidal prop- 
erties of the coatings were assessed in various con- 
d i t i o n ~ . ~ ’ , ~ ~  

The authors are indebted to the Derivery S. A. Co. for 
financial support of this work. 
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