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Abstract 

A light-sensitive diazosulfonate surfactant (Ar-N=N- S 0;) was applied as emulsifier 

for emulsion polymerization. The resulting latex was photosensitive and coagulated during 

irradiation. Since photolysis of the anionic diazosulfonate surfactant in water occurs mainly 

via the corresponding cationic diazonium amphiphile (Ar-Nl) it is concluded that a 

mutually charge neutralizetion on the latex surface could promote coagulation during 

photolysis. Quantitative analysis of the diazosulfonate and of the diazonium salt during 

irradiation and the coagulation behavior of the latex support this view. 

*) Author to whom correspondence should be addressed 
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448 NUYKEN ET AL. 

1. Introduction 

Emulsion polymerization is an established technical process nowadays used for the 

polymerization of several important monomers such as vinylacetate, chloroprene, styrene, 

butadiene, and many others [l]. At least four ingredients are applied for a standard 

polymerization recipe: water, monomer(s), initiator and a surfactant (also referred to as 

emulsifier or soap). For the latter, anionic surfactants like fatty acid soaps, sulfates or 

sulfonates belong to the most commonly used types [2,3]. 

A newer variant of emulsion polymerization employed in the last years consists in the use 

of destructible surfactants that can be converted to non-amphiphilic products after the 

polymerization has been accomplished [4, 51. In this communication we report about the 

application of a photodestructible diazosulfonate surfactant (ArN=N- S 03- ; structural 

formula shown in Fig. 1) which contains a photolabile linkage (azo bond) between the 

hydrophilic sulfonate group and the hydrophobic aromatic moiety. 

The possibilities opened by the use of photolabile surfactants in emulsion polymerization 

can bc delineated as follows: After polymerization has reached completion the photolabile 

surfactant is almost exclusively adsorbed at the surface of the latex particles, as is the case 

for ’normal’ surfactants (see Fig. 2). 

In order to destabilize the latex in a given application, the dispersion is simply exposed to 

W-irradiation. The ionic headgroup of the surhctant is thereby split off by photolysis, and 

the latex particles aggregate (coagulate) as displayed in Fig. 2. 

It has been stated [6] that photolabile latices could be use l l  for latex applications such as 

coatings, where ionic species as the charged surfactant head group are undesirable, as they 

might deteriorate the water resistance of the resultant polymer film. 

2. Results and discussion 

2.1. I’hotolysis of diazosdfonate surfactants 

Diazc isulfonate surfactants (ArN=N- S 0; ; Ar: allcylsubstituted aromatic moiety) are 

representatives of photolabile surfactants, and have been the subject of several recent 
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Fig. 1: Structure of the diazosdfonate surfactant C12 used for emulsion polymehtion 

hydrophobic part 

light sensitve surfactant: 
(schematic) 

- hydrophilic head group 

photolabile linkage 

A: B: C: 

Fig. 2: Use of photolabile surfactants in emulsion polpeht ion.  A latex particles, 

stabilized with light-sensitive surfactants before irradiation (schematic); B: latex 

particles during irradiation; the ionic surfactant head group is split off or 

destroyed; C: coagulation. 
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450 NUYKEN ET AL. 

publications [6-91. These compounds may be photochemically cleaved in water to yield a 

sulfita ion and the corresponding diazonium compound, which is further photolysed in a 

second step. Among the different para-substituted diazosulfonate amphiphiles investigated 

in our groups (see ref. [7-9]), the surfictant sodium 4-dodecylphenyldiazosulfonate 

(abbreviated as C12, according to the carbon atoms in the alkyl chain; see Fig. 1) was 

selected for emulsion polymerization, in view of its structural similarity to the commonly 

used (photostable) surfactant sodium 4-dodecylphenylsulfonate. The pathway of aqueous 

photolysis [ 71 of the diazosulfonate surfactant C6 (sodium 4-hexylphenyldiazosulfonate), 

which differs fiom C12 only by the alkyl chain length, is illustrated in Fig. 3. In dilute 

solutions (c - 1-10-4 moleh) photolysis occurs via the corresponding diazonium compound 

to yield an uncharged product, mainly to the corresponding phenol. In more concentrated 

solutions (c - 1 ~ 1 0 - ~  mold) this process is accompanied by precipitation of a 

diazrisulfonate/diazonium salt complex (for further details, cf. the discussion in [7]). 

2.2. Investigated latices 

Two latices were prepared by emulsion polymerization of MMA (methyl methacrylate) 

according to the procedures summarized in Table 1. The light-sensitive diazosulfonate 

surfactant C12 was used as emulsifier for latex 1 (the latex exhibited yellow colouration 

caused by the diazosulfonate W absorption (h,,.= 306 nm) ). A reference latex 2 was 

synthesized with the common (photostable) surfactant sodium 4-dodecylphenylsulfonate 

instead of the diazosulfonate surfactant. The mean particle sizes of both latices were 

determined by light-scattering methods and were found to lie w i t h  the same range. The 

radii of gyration Rg of latex 1 and latex 2 were determined as 24 nm and 29 nm, 

respectively, and the hydrodynamic radii I$, corresponded to 4 1 nm and 44 nm [lo]. 

2.3. Photolysis experiments concerning the latices 

A diluted sample of latex 1 was irradiated in a quartz cuvette (thickness: 1 mm) with the 

W-light of a xenon high-pressure lamp. The sample was diluted with distilled water (1:4 
by volume ) in order to restrain scattering h m  the latex particles, and to achieve a high 

phoiolysis rate. After a short time of irradiation (-1 minute) an incipient turbidity of the 
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-6 h x v  

h dilute solution 

( - lo4 mokfl) 
OH 

latex 1 

(photosensitive) 

( main product ) 

0.470 g (1.25 * 1 0-3 mole) 

diazosulfonate 
sodium 4dodecylph~yl- 

pmipltation 1 

25 g 
MMA 

Fig. 3: Photolysis of the diazosulfonate sdhctant C6 (sodium 4-hexylphenyl- 

diazosulfonate) dissolved in water @om [7]). 

200 g 

Tab. 1: Preparation parameters for the light-sensitive latex 1 and photostable 

latex 2. 

Polymerization time: 6 h; temperature: 60 'C; MMA: methyl methacrylate. 

latex 2 

(photostable) 

I surfactant monomer water 1 1 (deionized) 

0.435 g (1.25 . 10-3mole) 

sodium 4-dodecylphenyl- 
sulfonate 

25 g 
MMA 

200 g 

initiator 

0.067 g K2S208 

0.067 g K&Og 
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452 NUYKEN ET AL. 

previously transparent latex layer indicated that coagulation of the latex particles had 

started. In contrast to this behaviour, a diluted sample of the reference latex 2 (prepared 

with the photostable surfactant 4-dodecylphenylsulfonate) did not exhibit any turbidity 

when irradiated for about 15 minutes under the same conditions. 

Another photolysis experiment was carried out to investigate the significance of the 

diazonium surfactant, which is an intermediate of the photolysis process (cf. Fig. 3), for the 

coagulation process. 

As the diazonium amphiphile is oppositely charged as the anionic diazosulfonate 

surfactant, a mutual charge neutralization on the latex surface might diminish the effective 

negative charge and hence promote aggregation of the latex particles. In order to 

investigate this point an undiluted sample of latex 1 (continuously stirred) was irradiated 

in a quartz beaker with the xenon high-pressure lamp. An intraphotometer was immersed 

into the latex to detect any change in turbidity during irradiation. The intraphotorneter is 

based onto an emitter and a detector fiber bundle; when coagulation started the detected 

light mtensity was weakened by the coagulated latex. The relative concentrations of the 

diazosulfonate and diazonium surfactant in the latex were determined by separate UV- 

measurements. A plot of these quantities as a function of irradiation time is shown in Fig. 

4. 

From the turbidity curve of the intraphotometer, which is included in Fig. 4, it is clear that 

coagulation occurs in the same time range where the diazonium concentration passed 

through a maximum, and where only a small excess of effective negative surfactant charge 

(about 10 % - 20% of the initial amount) was still present. 

Under the assumption that the measured concentration values are representative for 

surfartants on the latex surface (which would hold true if both surfactants were completely 

adsorbed at the latex particles), it is reasonable to assume that mutual charge neutralization 

was promoting coagulation in the examined case. Of course, the final loss of surface charge 
by to1 a1 photolysis of the diazosulfonate surfactant leading to an uncharged product would 

also induce coagulation. Whether or not charge compensation is important for coagulation 
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Fig. 4: Irradiation of latex 1 with a xenon W lamp. 

0 : percentage of the diazosulfonate surfactant C12 in the latex 

(with error bars) relative to the initial surfactant quantity. 

: percentage of the corresponding diazonium surfactant in the latex (with error 

bars) relative to the initial surfactant quantity. 

Relative turbidity values recorded by the intraphotometer are displayed on the right 

ordinate scale 

At: logarithm of intensity detected; 

At,,: logarithm of intensity measured prior to photolysis; 

A50 mh: logarithm of intensity after 50 min photolysis 

will depend on the relative rates of photolysis and apgregation, and might be different 

depending on the particular surfactant chosen. In the case of slow coagulation, one might 

imagine an intermediate stage of photolysis in which the latex was stabilized by positively 

charged diazonium groups. Zeta-potential measurement performed at various stages of the 

photolysis might be helpful to further clarify this effect. 
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454 NUYKEN ET AL. 

3. Experimental section 

3.1. Preparation of the latices 

The smulsion polymerization and all procedures to be described were performed in an 

argon atmosphere to exclude the presence of oxygen. A mixture of 150 g of deionized 

water and 25 g of MMA (methyl methacrylate) was stirred in a Bkh i  lab autoclave 

themiostated at 6OoC (reactor volume: 250 ml; stirring speed: 600 rpm)). In the case of 

latex 1 (see Table 1) the reactor was wrapped with aluminium foil to darken the reaction 

vessel. A quantity of 50 g deionized water containing the appropriate amount of surfactant 

(0.470 g sodium 4-dodecylphenyldiazosulfonate for preparation of latex 1, or 0.435 g 

sodium 4-dodecylphenylsulfonate respectively for preparation of latex 2; see Table 1) were 

warnied up to about 67OC in a separate darkened glass flask. In the course of this 
procedure the surfactant gradually dissolved. At this point 0.067 g potassium persulfate 

were added to this solution. After short stirring the surfactanthitiator solution was 

transferred into the reactor. Even after the addition of the diazosulfonate surfactant the 

MMMwater emulsion was only stable when stirred. In a polymerization time of 6 hours at 

a temperature of 6OoC, a conversion of 98 % G! % was reached. Immediately after 

preparation the latex was cooled to room temperature, and filtered in air. The amount of 

coagulate was less than 2 % in both cases. The photolysis experiments were performed on 

the day following the preparation procedure. 

3.2. :hemicals 

Methyl methacrylate was purified fiom the inhibitor by passing through a basic aluminium 

oxidc column. The monomer was distilled in vacuo and stored under an argon atmosphere. 

The water used for emulsion polymerization was deionized and purified by passing through 

a Milli-Q Ultra-Pure water system (Millipore company). Subsequently, the solvent was 

degassed by distillation in vacuo to remove dissolved oxygen, and also stored under an 

argon atmosphere. Potassium persulfate, used as the initiator, was obtained fiom Fluka in 

puriss. p. a. quality. 

For synthesis of the diazosulfonate surfactant C12, 4-dodecylaniline was diazotised with 

sodium nitrite in acidified water. The diazonium salt produced by this step was coupled 
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DIAZOSULPONATE SURFACTANT 455 

with sulfite in an alkaline buffered solution. The synthesis has been described in detail in 

[7]. The surfactant sodium 4-dodecylphenykdfonate was prepared according to reference 

u11. 

3.3. Photolysis experiments 

Photolysis experiments were performed with a 150 W Xenon high-pressure lamp. To avoid 

heating of the irradiated samples, the light was passed through an IR water filter. Diluted 

samples of latex 1 and latex 2 were irradiated in a quartz cwette (Hellma) with a thickness 

of 1 mm and were shaken thereafter. The experiment for the determination of the 

diazosulfonate and diazoniUm concentration as a function of irradiation time (see section 

2.3.) was carried out in a quartz beaker (diameter: 4.5 cm) containing. - 65 g of undiluted 

latex 1 which was stirred during irradiation. The determination of the concentrations itself 

is described in section 3.4. At the end of the coagulation process, the precipitated polymer 

was filtered off by a fine-porous filter. In all photolysis experiments the distance of the 

irradiated samples to the xenon lamp was about 60 cm. 

3.4. Determination of the diazosulfonate and diazonium concentration 

During irradiation of latex 1 in the quartz beaker aliquots of - 1.6 g were taken with a 

pipette after different irradiation times, and immediately injected into 95 ml of distilled 

THF, which had been acidified with about 0.45 g of a 1 wt. % hydrochloric acid. 

Acidification prevents the reverse reaction of the photochemically generated diazonium 

compound with sulfite ions reforming the diazosulfonate; this reaction does not take place 

with hydrogensulfite ions @!SO3-) [7]. Thereafter, the THF solution was filled up with 

THF to exactly 100 ml, and was strongly shaken for abobt one minute to dissolve 

precipitated polymer. The determination of the diazosulfonate and diazonium 

concentrations of these samples is outlined below: 

About 10 ml of this parent solution were separated for recording of an W spectrum. The 

UV spectrum was recorded within 3 minutes after the preparation of the parent solution to 

avoid decomposition of the diazonium compound. In the wavelength range between 260 

and 320 nm, the UV spectrum represented a superposition of the diazosulfonate (A,,.= 
287 nm, E = 13200 1 mole-'. cm-' ) and diazonium ion absorptions (h,,.= 276 nm, E = 
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456 NUYKEN ET AL. 

14300 1 . mole-’. cm-’; values given refer to a solution in THF containing about 1-2 % of 

watei ). 

To rcsolve the recorded UV spectrum into the individual contributions, the diazonium 

concentration was determined separately by azo coupling. For this purpose, the remainder 

of the parent solution (about 90 ml) was mixed with 1 g of a 0.72 wt. % hydrous 1,3- 

diaminobenzene solution. The diazonium concentration could be determined h m  the UV 

spectrum of the formed azo dye (2’,4’-diamino-4-dodecyl-azobenzene; the added amount 

of the 1J-diaminobenzene corresponded to a 35 fold excess on average, relative to the 

diazonium compound). 

The tliazonium contribution to the UV spectrum was then calculated fiom the determined 

concantration, and subtracted fiom the parent W spectrum to yield the diazosulfonate 

spectrum. From the latter, the diazosulfonate concentration was calculated. 

Duriiig the measurements and procedures described above, daylight was excluded (e. g. the 

vessels of the parent solutions were be wrapped with aluminium foil) to prevent 

photochemical decomposition of both the diazosulfonate and dimnium surfactant. 
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