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An apparatus for measur ing  the surface tension and surface potential of lung surfactants  is 
described.  These values can be recorded in relation to changes in the surface concentrat ion 
of surfactant .  

Surface-act ive  substances (surfactants),  found on the surface of the lung alveoli, play an important  
role in the mechanism of respi ra t ion [8]. Disturbances of the surfactant  system,  moreover ,  are associated 
with various d isorders  of the lungs: atelectasis ,  pulmonary edema, and hyaline membrane  syndrome of the 
newborn [14]. Neergaard  [11] showed for the f i rs t  t ime that the forces  of surface tension are  the chief fac-  
tor  creat ing the elast ic res is tance  of the lungs. Pattle [12], who studied the stabili ty of a i r  bubbles in lung 
extracts ,  concluded that the surface of the alveoli of the lung is covered by 'a  monolayer  of sur face-ac t ive  
substances which lower the surface  tension pract ical ly  to zero.  Clements  [10] confirmed the existence of 
powerful surfactants  in the lungs of mammals .  These substances lower the surface tension as the surface 
contracts .  The c o m p r e s s i o n -  relaxation curves  under these conditions do not coincide and a wide hys te res i s  
loop is formed. The size of this loop ref lects  the surface activity of the substances [13]. Using a mathe-  
mat ica l  model of an alveolus Clements et al. [9] showed that its unusual stabili ty is connected with the dis-  
tinctive behavior of the surface forces .  Surface-act ive  substances inthe alveoli of the lung have also been 
descr ibed in the Soviet l i tera ture  [1-7]. 

In the study of the connection between surfactants  and changes in the mechanics  of respi ra t ion most  
attention has been paid to the chief proper ty  of surfactants  - lowering the surface tension. However, con- 
s iderable technical  difficulties a r i se  during the investigation of this property.  These difficulties are  con- 
nected both with the method of extraction of surfactants  f rom the lungs and with the method of measuremen t  
of their  sur face-ac t ive  proper t ies .  

To study the surface activity of surfactants ,  Soviet invest igators  have used Pat t le ' s  method of de ter -  
mining the stabili ty of bubbles [1, 2] or  Rebinder ' s  method of determining surface tension [1, 2]. The f i rs t  
method is only an indirect  view of the surface activity of the substances whereas the second is unsuitable 
for  substances whose absorption on the boundary surface between a i r  and liquid is protracted.  A method 
enabling visual determination of surface  tension depending on the a rea  occupied by surfactants  is descr ibed 
in only one paper  [5], although it is this function which gives the fullest charac te r i s t i c s  of surfactants .  

In this paper an account is given of the apparatus used by the author to record  the surface tension and 
sur face  potential - an important  e lec t r ica l  charac te r i s t ic  of the monolayer  - continuously. 

The apparatus (Fig. 1) consists  of three components: a Teflon cell with mechanical  part ,  a s t ra in  
gauge, and a v ibro-e lec t rode .  The cell has a tight-fitting moving Teflon ba r r i e r .  The b a r r i e r  pe r forms  
to -and- f ro  movements  by means of an e lec t r ic  moto r  and worm mechanism.  The position of the b a r r i e r  is 
est imated from the res i s tance  of a mul t iple- turn rheostat .  The potential f rom the rheostat  is led to the X- 
plate of an oscil loscope.  
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Fig. 1. Apparatus for measur ing  surface tension and sur face  po- 
tential of lung surfactants:  1) Teflon cell; 2) moving ba r r i e r ;  3) 
e lect r ic  motor ;  4) worm drive; 5) variable res i s to r .  

Fig. 2. Scheme of the v ibro-e lee t rode:  1) vibrating plate of capac-  
itor; 3) e l ec t rov ib ra to r ;  3) cathode follower unit; 4) rheostat;  5) 
mil l ivol tmeter ;  6) screen;  7) cell  containing fluid. 
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Fig. 3. Surface tension and 
surface potential as functions 
of area .  Continuous l i n e -  
surface  tension; broken line - 
surface  potential. 

A solution of the surfactant  is poured into the cell. After  a c e r -  
tain t ime has elapsed the sur face-ac t ive  molecules  are  adsorbed on the 
surface.  The area  occupied by the su r face -ac t ive  molecules  is a l tered 
by movement  Of the ba r r i e r .  The area  is varied f rom 100 to 20%. The 
surface tension is measured  by Wilhelmy's  method: a glass covers l ip  
touches the surface of the fluid (not shown in Fig. 1). 

Since the angle of wetting between the glass  and the liquid is close 
to zero  the surface tension is de termined d i rec t ly  f rom the a t t ract ing 
force acting on the coversl ip.  This force is measured  by a s t ra in  gauge 
consist ing of a type 6MKhlS mechan ica l -e l ec t r i ca l  t r ansducer  tube. 
Before the experiment begins the signal is ca l ibra ted with a known load. 
The e r r o r  of measurement  due to meniscus  format ion does not exceed 
5%. This value can be taken as the accuracy  of measurement .  

The surface potential is determined by means of a vibrating e lec-  
t rode (Fig. 2). The plate of a capaci tor  is brought to a distance of 1 mm 
from the surface of the liquid. It is made to vibrate  by means of an 
e lec t rovibra tor .  The signal f rom the plate is led to the input of a ca th-  
ode follower. The signal is cal ibrated with a rheostat  and mi l l ivol tme-  
ter .  Measures  to abolish in terference are  n e c e s s a r y  when working with 

this apparatus:  the e lee t rovibra tor  and the apparatus as a whole must  be screened.  The noise level is af-  
fected by the mutual a r rangement  of the various par ts  of the apparatus.  

The resul ts  are  recorded  on a double-beam S1-17 ca thode- ray  osci l loscope with camera  at tachment.  
The resul ts  of an investigation of surfactants  obtained from dog's  lungs a re  given as an example (Fig. 3). 
The lungs were filled with 0.9% NaC1 solution which was then aspira ted from the t rachea .  

As Fig. 3 shows, the surface tension and surface potential fall sharply  with a decrease  in area.  The 
curves  of these values as flmctions of a rea  are  not l inear but fo rm hys te res i s  loops. 
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