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Synopsis. The effect of UV radiation in air on
the wettability of silicone polymers was studied by measuring
the contact angles. From the contact-angle data, the surface
energies were also calculated. As the irradiation progressed,
the surface energy of the polar component increased, while
the surface energy of the dispersive component remained
constant, for all the samples. This increase in surface energy
is attributable to a surface photooxidation of the silicone
polymers. Especially, poly(diphenylsiloxane) showed a re-
markable increase in the surface energy of the polar com-
ponent after the irradiation.

The wettability of surfaces by liquids of known sur-
face tensions has been determined by many investi-
gators.'? In particular, contact-angle measurements
have been used to evaluate changes in surface com-
position.?) 'We have ourselves previously reported that
the water-contact angles on polystyrene and poly(meth-
yl vinyl ketone) surfaces decreased dramatically as a
function of the UV exposure time because of the photo-
oxidation of the surfaces. Generally, it is known that
silicone polymers have relatively low surface-energy
values. If the surface energy of a silicone polymer
could be increased by UV radiation, the adhesion be-
tween liquids and the surface of the silicone polymer
irradiated would be enhanced by an increase in the
work of adhesion.

This report will describe the effect of UV radiation
in air on the wettability of silicone polymers.

The silicone polymers used in this study were poly-
(methyl)3—7%,(diphenyl)0.5—1.0% (methyl vinyl) sil-
oxane, poly(diphenyl-siloxane), poly(dimethyl)1—29%,-
(methyl vinyl)siloxane, and poly(methyl vinyl)siloxane,
all supplied by Petrarch System, Inc. (U.S.A.). A
film of each polymer was cast from its benzene solu-
tion on an aluminum plate. Then, the plate was
cured at 100 °C in an oven for 15min. The plate
was exposed in air with a low pressure mercury lamp
(55.2W, 1 W=1]Js1) supplied by the Oriel Co.
(U.S.A.). The distance between the plate and the
lamp was 5 cm.

The liquids used for contact-angle measurements
were octane and diiodomethane. The contact angles
were measured on the irradiated plate by using a
goniometer at 20 °C. Three drops of the liquid were
measured on both sides of the drops, and the six values
were averaged. The overall variation in the contact-
angle measurement was about £3 degrees.

The free energy y, of any interface can be regarded
as the sum of two terms; one, designated 994, attributed
to dispersion forces, and the other, y?, to polar forces.
The value of ¢ can be calculated from the octane-
water contact angle 0., by means of Hamilton’s®)

equations:

Yw— Vo Vsw

Tow

cos Opws =

and:
Iy = 2Vyiy2,

where y, and y, are the surface tensions of the mu-
tually saturated water phase and octane phase respec-
tively, where y,, is the interfacial tension of the two
phases, where y% is the polar component of water-
surface tension, and where I, is the term of polar
interaction with water.

The value of y¢ can also be calculated from the
diiodomethane-air contact angle, 0, using an equa-
tion developed by Fowkes:®)

‘ (14 cos 0,,)%
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where 7y, is the surface tension of diiodomethane.
Here, literature values®? are applied in the surface-
energy analysis:

ry = 72.6 erg/cm? *¥*, y, = 21.8, yy, = 50.8, p5=>50.8,
and y, = 50.8 at 20 °C.

Five different compositions have been made into
plates, irradiated, and measured according to the above
procedures. These compositions are:

1. Poly(dimethyl)3—7%,(diphenyl)0.5—1.0%-
(methyl vinyl)siloxane. This material is referred
to as “PS 264",

Poly(diphenylsiloxane).

Poly (methyl)1—2 9, (methyl vinyl)siloxane.

PS 264 +poly(diphenylsiloxane), 1:1 in weight.
PS 264 +poly(methyl vinyl)siloxane, 5:1 in
weight.

Tables 1—5 present the primary data and the de-
rived results for compositions $1—#5. In each table,
the last column, headed y,, is simply the sum of y%
and yS. From these tables, it can be seen that the
values of 9% are increased as a function of the irra-
diation time for all the samples, while the values of
y$ remain almost constant. Two reasons for the in-
crease in p? may be considered; a surface cracking
due to UV irradiation and a surface photooxidation.

If a surface cracking has occurred during UV ir-
radiation, the contact angle of octane-water might in-
crease, for water can penetrate into such a crack and
make the surface more hydrophilic. Also, if the silicone
polymer surface is photooxidized during UV irradia-
tion, the contact angle of octane-water is likely to be
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TasLE 4. CowmposiTioN #4. PS 264+ POLY(DIPHENYL-
SILOXANE), 1:1 IN WEIGHT

Uv Octane/ CH,I, UV Octane/ CH,I,

. S Water contact y? pe Vs . L Water contact ye ys Vs

1T adxat%on contact  angle pry =y 2 1 adlatl.on contact angle = ~2 -2

time/min angle 6/° o/° ergcm—“ ergcm—< ergcm time/min angle 6/° 0/ ergcm ¢ ergcm™“ ergcm

0 21 73 0.1 21.2 21.3 0 8 68 0.0 24.0 24.0

10 24 68 0.1 24.0 24.1 10 39 62 0.6 27.4 28.0
20 42 65 0.8 25.7 26.5 20 61 62 3.4 27.4 30.8
30 60 61 3.2 28.0 31.2 30 80 60 8.7 28.6 37.3
40 70 59 5.5 29.1 34.6 40 82 59 9.4 29.1 38.5
50 77 59 7.6 29.1 36.7 50 87 59 11.4 29.1 40.5
60 79 58 8.3 29.7 38.0 60 87 59 11.4 29.1 40.5

TasLe 2. ComposrTioN #2. POLY(DIPHENYLSILOXANE)

uv Octane/ CH,I,
. v Water  contact p? ys Vs
rr adlatx.on contact angle 2 2 2
time/min angle 6/° 0/° ergcm—2 ergcm~? ergcm
0 34 24 0.4 46.5 46.9
10 89 50 12.3 34.3 46.6
20 98 57 16.5 30.3 46.8
30 115 40 25.7 39.6 65.3
40 117 44 26.9 37.5 64.4
50 119 39 28.0 40.1 68.1
60 119 38 28.0 40.6 68.6
TasrLe 3. CowmposiTioN 3. PoLy(DIMETHYL)]l—
2% (METHYL VINYL)SILOXANE
. U.V . ?NCtaatI(:i/ CSII;]t:zaIci pe ye Vs
irr adlatl_on contact angle ry 2 2
time/min angle 6/° 0J° €rgcm~* crgcm erg cm
0 8 82 0.0 16.5 16.5
10 37 67 0.5 24.5 25.0
20 57 60 2.6 28.6 31.2
30 68 62 5.0 27.4 32.4
40 75 58 7.0 29.7 36.7
50 77 63 7.6 26.8 34.4
60 88 61 11.8 28.0 39.8

increased as a result of the formation of surface hydro-
philic groups. To check whether or not cracks are
formed after UV irradiation, SEM micrographs for the
samples were obtained. No cracks were observed.
Furthermore, all the samples irradiated in vacuo show-
ed no changes in the octane~water contact angles after
exposures of up to 1h. Therefore, the increase in

TasLe 5. ComposiTioN #5. PS 264 -+ POLY(METHYL
VINYL)SILOXANE, 5:1 IN WEIGHT

uv Octane/ CH,I,

. R Water  contact y? ys Vs

i adlaqon contact angle —2 —2 —2

time/min angle 6)° i ergcm™2 ergcm™2 ergcm

0 45 92 1.1 11.8 12.9

10 56 57 2.5 30.3 32.8
20 71 57 5.8 30.3 36.1
30 76 61 7.3 28.0 35.3
40 81 61 9.0 28.0 37.0
50 91 64 13.2 26.3 39.5
60 93 63 14.1 26.8 40.9

yt values after UV irradiation in air is attributed to
the surface photooxidation of the silicone polymers.
Especially, it is found that Composition #2 is easily
photooxidized by UV irradiation.

Accordingly, it can be anticipated from the above
results that the adhesion between liquids and irradi-
ated silicone-polymer surfaces is enhanced by the in-
crease in polar-polar interaction which is attributed
to the work of adhesion.
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