
Tel/us (1990), 42B, 200-205 

Surf ace-active monolayers, bubbles, and jet drops 

By DUNCAN C. BLANCHARD, Atmospheric Sciences Research Center, State University of New York 
at Albany, Albany, NY 12222, USA 

(Manuscript received 28 November 1988; in final form 22 March 1989) 

ABSTRACT 

High-speed motion picture films (about 3000 frames per second) of bubbles of 0.7 and 1.3 mm 
diameter bursting at a seawater surface covered with an oleic acid monolayer show that the 
formation and behavior of the jet drops are profoundly influenced by the monolayer. It is 
doubtful, however, that monolayers on the surface of natural bodies of water exert as high a 
surface pressure as does an oleic acid monolayer. Natural monolayers probably affect film 
drop production more than that of the small jet drops that are important in atmospheric 
processes. 

1. Introduction 

Some 35 years ago, in this journal, we pub­
lished (Kientzler et al., 1954) a series of photo­
graphs of bursting bubbles taken both with a 
high-speed motion picture camera (about 3000 
frames per second) and with a 35-mm camera 
equipped with a short duration flash (""' 30 µs). 
These photographs confirmed Stuhlman's (1932) 
contention that the bursting of an air bubble at a 
water surface produced a jet of water that rose 
rapidly from the bottom of the collapsing bubble 
cavity to become unstable and break up into a 
number of drops. Since our purpose in this early 
paper was to show evidence of the formation of 
the jet and the production of jet drops, which we 
believed contributed significantly to the marine 
sea-salt aerosol (Woodcock et al., 1953), we did 
not publish photographs that showed the effect of 
surface-active monolayers on the water in bring­
ing about profound changes in the production of 
jet drops. It is the purpose here to present these 
photographs and discuss briefly some work on 
bubble bursting that has evolved over the years. 

2. The photographs 

Details of the photography with the high-speed 
motion picture camera are discussed in Kientzler 
et al. (1954) and need not be repeated here. 

Fig. 1, 12 consecutive frames from the camera 
running at 3300 frames/s, shows the collapse of a 
0. 7 mm diameter air bubble at a seawater surface 
covered with an oleic acid surface-active film. 
The first of about 7 jet drops can be seen rising 
rapidly from the collapsing bubble cavity (frame 
4) about 0.6 ms after bubble bursting (frame 2). 
More interesting, however, is what happens to 
the last 4 jet drops. In frame 9, about 2 ms after 
bubble bursting, these 4 drops are seen rising 
close together above the meniscus that obscures 
the view just above the surface of the water. The 
bottom drop is rising faster than the others, and 
0.9 ms later (last frame) has collided with and 
coalesced with the two drops above it. Though 
not shown in Fig. 1, within another ms this drop 
caught up with and coalesced with the remaining 
drop to produce a single large drop from what 
originally had been four. 

Some of the old high-speed movie films were 
recently examined, and it was found that 5 out of 
8 cases of the 0. 7 mm bubble bursting beneath an 
oleic acid surface monolayer showed that 2 to 4 of 
the lowest jet drops collided and coalesced into a 
single drop. This curious coalescence occurred in 
none of the 5 cases when the oleic acid monolayer 
was absent. 

Figs. 2 and 3 show examples of the effect of an 
oleic acid surface film on the formation of jet 
drops from bubbles of 1.3 mm diameter bursting 
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