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Measuring the surface tension of aggressive nontransparent  l iquids 

at h igh  saturated vapor pressure and h igh t empera tu re  is a very c o m -  
p l i ca ted  process. 

This paper describes a method appropriate  in such c i rcumstances ,  

the so -ca l l ed  " two- jump"  method.  This method has been tested on 

a l coho l -wa te r  mixtures  whose surface tension had previously been  

de te rmined  only up to 50 ~ C. Accordingly ,  the results are also of 

independent  interest .  The method is based on the cap i l l a ry  rise in 

c o m m u n i c a t i n g  tubes of different  d i ame te r .  The pr inc ip le  is i l lustrated 
in Fig. 1. 

Two cap i l l a r i e s  with radi i  r t and r z go over, in the sections O10 t 

and OzOz, into tubes with radi i  R 1 and R z, At top and bot tom, the tubes 

are connected  by common chambers .  A third cap i l l a ry  with constant  

radius r a is connected  in pa ra l l e l  with the first two. For s impl ic i ty ,  we 
assume that  r 1 = r 2 = r a :: r and R 1 = R z := R. First, the ent i re  system is 

f i l led  from below with the test l iquid,  which is then  slowly removed  

through tube 4. The nature of the l e v e l  change  in a l l  three legs (1 ,2 ,  

and 3) can  be followed in Fig. 2 in r e l a t i on  to the amount  of l iquid  

withdrawn V. The l e v e l  continues to fa l l  s imul taneous ly  in a l l  three 

legs unt i l  the  l e v e l  in the first leg reaches  sect ion O101, where V = V 1, 

and, as in the m a x i m u m  pressure method ,  a bubble of vapor (or gas) 
wi th  radius rn = r has grown at the end of the cap i l l a ry .  At this momen t ,  

the bubble  expands sharply and the l e v e l  in the first leg  falIs abruptly; 

whi le  in the second and third legs ,  on the other hand,  it rises abruptly 

so that  be tween them there is es tabl ished a l e v e l  d i f ference  equal  to 
the cap i l l a ry  rise 

h k = 2oy -1 ( l / r  - -  t / R ) .  

Here, o is the surface tension and T is the speci f ic  weight  of the 
l iquid .  

This d i f ference  of l eve l s  wi l l  be preserved unt i l ,  as more l iquid is 
withdrawn, the l e v e l  in the second cap i l l a ry  reaches  sect ion OzOz, and 

V = V2; at this point,  a second jump takes p lace .  
The to ta l  vo lume change be tween the two jumps in tube R~ (Fig. 2) 

wi l l  be AV = V I -- V z = hk~r(R z + 2r2). E l imina t ing  h k, we obta in  

TAV 1 -- CTA V, 
Z = "  2rI" (B ~@2r  2 ) ( t / r - l / B )  

Thus, if  the dimensions  of the system and the densi ty  are known, in 

order to de t e rmine  the surface tension, it is suff ic ient  to measure  AV or 

a quantity proportional to it. The function of the third capillary is to 

fix the beginning and end of the working period. In principle, it is 

possible to employ both absolute and relative variants of the method, 

The proposed method enables  measurements  to be m a d e  both in 

an inert  gas a tmosphere  and in the saturated vapor of the test l iquid.  

It is very impor tan t  to choose the :d imens iona l  re la t ions correct ly .  

The ca l cu l a t i on  formula does not impose l imi t a t ions  on the cap i l l a ry  

dimensions.  The only excep t ion  is the t r iv ia l  case for r I = R 1 and 

r 2 = R 2. 
An error analysis  indica tes  that  i t  is necessary to reduce the rat io 

r2/R > In addi t ion,  there are ce r ta in  t echn ica l  l i ra  i tat ions.  

1. The condit ions of bubble  formation mus tbe  the same in both 

legs; i . e . ,  r , = r  z and R i = R  2. This makes  it possible to excIude the 
effect  of the contac t  angle .  

2. The drop in l eve l  for the first l eg  h i mnst not be less than (2-4)  

Rt, s ince  otherwise there wi l l  not be a sharp enough jump and the 

bubble  at  the end of the first cap i l l a ry  wi l l  s imply  enlarge .  

3. To get  a re t iab le  fix, the jump in the third cap i l l a ry  must  be 
not less than several  ram.  

4. Reduction of the radi i  r t and r z involves  serious t echn ica l  dif-  
f icul t ies ,  Writ ing the equi l ib r ium condit ions for the l iquid  in com-  

munica t ing  tubes of different  d iamete rs  before  and after the first jump 
and also the mass ba lance  condi t ion at the instant  of the jump,  keep-  
ing in mind that  

r ,  = r~ = r ,  R ,  = R 2 = R ,  h l '  = n R  (n = 1, 2,3. . . ) ,  

we obta in  the following expressions:  
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Table  1 

N, o, ~, !t N, :,, ~, 
T,~ rev g/cm 3 dyne/cm [[ T,~ rev g/cm 3 dyne/cm 

2t .8 
23.05 

100.0  

16.5 
20.0 
37.2 
39.3 
59.9 
65.5 
83.5 

t7.1 
18.9 
20.0 
50.0 
83.2 

19.5 
20.0 
21.5 
22.0 
42.5 
74.2 

20.1 
22.5 
89.0 
90.0 

19 
2 t . 5  
63.7 
65.1 

100.0 
t03.0 

t48t  
t486 
1252 

590 
580 
557 
552 
516 
507 
467 

650 
657 
646 
600 
528 

697 
702 
688 
698 
663 
6O7 

955 
95t 
803 
798 

1232 
t2 t8  
t093 
t096 
t005 

997 

0.997 
0,996 
0.963 

0 .8 t0  
0.806 
0.792 
0.790 
0.770 
0.766 
0.750 

0.868 
0.867 
0.865 
0.839 
0 .8 t0  

0.929 
9.928 
0.927 
0.926 
0 .9 t0  
0.883 

Doubly distilled water 

72.08 t50.0 1079 
72.23 t50.8  1077 
58.86 151.0 i074 

gthylalcohol-watersystem (96 vol %) 

23.33 86.70 I 458 
22.79 90.0 ] 445 
21.52 t32.0  363 
21.28 134.2 361 
t9 .38 148.3 , 324 
t8 .94 148.8 ] 320 
t7 .08 152.5 I 315 

Ethytalcohol-watersystem (78 vol %) 

27.53 124.1 442 
27.77 t28.0  424 
27.28 t60.8 359 
24.55 168.0 330 
20.89 t69.9 337 

Ethylalcohol-watersystem (5t vol ~ )  

31,63 103.4 
31.77 110.6 
31.14 131.3 
31.53 147.7 
29.43 160.7 
26,16 170,3 

Ethyl alcohol-water system 

0.974 45.39 140.2 
0.970 45.00 t40.5 
0.928 36.36 168.0 
0.927 36 . t2  170.t  

0.989 
0.989 
0.971 
0.970 
0.945 
0.943 

557 
54t 
506 
477 
448 
425 

i9 vol %) 

68t 
686 
618 
61t 

Ethylalcohol-watersystem (6 vol %) 

59.44 105.7 985 
58.80 t22.5 938 
51.78 145.3 883 
51.88 t48.5 868 
46.36 169.5 803 
45.88 t71.0  798 

0.914 
0.913 
0.9t3 

0.746 
0.742 
0.693 
0.69t  
0.670 
0. 669 
o. 660 

0.770 
0.766 
0.729 
0.718 
0.717 

0.855 
0.850 
0,830 
0.811 
0.798 
0.784 

0.883 
0.882 
0.850 
0.848 

0.940 
0.926 
0.904 
0.901 
0.880 
0.879 

48. t2  
47.97 
47.88 

t6 .69 
1 6 . t t  
12.30 
t 2 . t 5  
10.59 
t0 ,44 
t 0 . t 5  

t6 .59 
t5 .86 
12.79 
11.57 
11.81 

23.23 
22.45 
20.50 
t8 .89 
i7 .47 
t6 .25 

29.33 
29.53 
25.62 
25.28 

45.00 
42.36 
38.95 
38.16 
34.50 
34.21 

I*~: ',, l{ ) j ' 

-: -TF 

h/ = hi{ (n .... 1, 2, 3...) (i) 

Here,  A is the jump  in the third leg.  

Using these equations,  we can c a l c u l a t e  ra/R and B for known 

values  of % y, n, and r/R. It is best to use graphs of functions (1) for 
this purpose. For a lcohol ,  if r = 0 .25  ram, the following are op t imum:  
R = 2 m m ,  r a = l . S m m ,  and • =5 ram. 

A d iagram of the apparatus is shown in Fig. 3. The glass cap i l -  
lar ies  i and broader tubes 2 were sealed into stainless s tee l  cyl inder  3, 
which,  in turn, was p laced  in a i r t ight  can 19. The third cap i l l a ry  4 

took the form of a gauge  glass.  The ent i re  system was p laced  in a 

demoun tab l e  copper b lock  with an ex te rna l  e l ec t r i c  heater .  The tern- 

Table  2 

pera ture  was measured with two c h r o m e l - M u m e l  thermocouples  6 and 

mercury the rmomete r  7 graduated in 0, 1 ~ C. The l iquid l eve l  in the 

cap i l l a r i e s  was roughly control led by means of a s}lphon meter ing 

dev ice  8 and could be smoothly varied by means of poIished rod 9, 

which was dispIaced in chamber  10 by means  of dc motor 11 with 
reducer 12. 

The vo lume of l iqu id  removed  from the working space is propor- 
t ional  to the ve r t i ca l  d i sp l acemen t  of the rod, i.e., to the nulnber 

of revolut ions of the motor.  Since the re la t ive  var ian t  of the method 

was used, it is possible to write the ca l cu l a t i on  %rmula  in the form 

o = ApN, where N is the number of revohtt ions of the motor be tween 

the two jumps,  A is an ins t rument  constant ,  and p is the density of the 
liquid, 

The number of revolutions of the motor was de te rmined  with a 

TSB 1M-100 e l e c t r o m e c h a n i c a l  pulse counter  t3 ,  which rece ived  six 

pulses from re lay  14 per revolu t ion  of the shaft. The dimensions of 

Surface Tension of Aqueous Solut ion of Ethyl Alcohol  (dyne /e ra )  or ( e r g / c m  2) 

Alcohol concentration, vol. % 
T,~ 

96 90 60 20 40 30 20 10 0 

20 22.8 
30 22.1 
40 2 t .2  
50 20.2 

t9 .3  
18.4 
17.4 
t6 .1  
15.5 
t4 .6  
13.6 
12.4 
ii .6 
10.4 
9.2 
8.9 

25.1 
Z3.9 
23.t  
22.2 
2 t .3  
20.2 
19.1 
t8 .0  
t7 .2  
16.3 
15.2 
t4.1 
13.0 
12.0 
10.9 
9.8 

80 70 

27A 27.9 
26.t  20.9 
25.3 26.2 
24.5 25.4 
23.3 24.5 
22.2 23.4 
21 .I 22.3 
19.8 21.i 
t8 .9  20.2 
t7 .8  t9 .0  
16.8 t7 .9  
I5.7 16.8 
14.7 15.9 
13.6 14.9 
12.8 t3 .8  
t l  .6 t2 .8  

20.5 
2B.5 
27,7 
26.8 
25.9 
24.9 
23.7 
22.6 
21.7 
20.7 
i9 .6  
18.6 
t7 .6  
16.6 
t5 .6  
14.4 

31.9 
30,8 
29.8 
28.9 
28.0 
26.9 
25.8 
24.8 
23.9 
22.8 
21.8 
20.8 
i9 .8  
18.8 
17.7 
i6.6 

35.2 
34.1 
32.9 
31,8 
30.9 
29.8 
28.8 
27.7 
2{L 8 
25.8 
24.8 
23.5 
22.6 
21.4 
20 . t  
19.0 

39.6 
33.3 
37.1 
36.0 
34.9 
33.6 
32.6 
31.5 
30.4 
29,4 
28.3 
26.9 
25,6 
24.4 
23 . t  
21.8 

45.1 
43.4 
42.3 
4l .0 
39.4 
38.0 
36.9 
35.6 
34.5 
33.3 
32.0 
30.7 
29,4 
27.8 
26.5 
25.2 

54 9 
52:~ 
50.9 
~9.2 
~7.6 

15.i  
13,4 
i 1 .7  
10.5 
B8.7 
36.9 
35.3 
30.6 
~2.0 
30.8 

60 
70 
80 
90 

100 
110 
120 
130 
14O 
150 
160 
170 

72.4 
71 A 
69.7 
68.2 
66.4 
64.6 
62,8 
60,9 
58.9 
56.9 
54.8 
52,6 
50.3 
4~.I 
45.7 
43 ,'3 
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the rod were so selected that 600-1200 pulses were generated during 

the working stroke. Before being filled, the system was heated and 
evacuated to 10 -s mm Hg by means of a VN-2MG vacuum pump 15. 

Before being admitted to the system, the working liquid was degassed 

in reservoir 16, after which it was drawn into the system through vaive 
17. By means of the metering device, the liquid level  was established 

slightly below the top of chamber 18. The subsequent displacement 
of the Iiquid was controlled with the rod 9. 

Measurements were made only after a long period at constant tem- 

perature. Usually, the rate of temperature drop was not greater than 

1 deg/hr. The liquid surface-level fell  at a rate of about 0.01 cm/sec .  

in this case, the counter recorded from two to five pulses per second. 

The instrument constant was determined from experiments with 96% 

ethyl alcohol at temperatures from 20 to 170 ~ C. 

The surface tension and density of the alcohol were taken from 

[1-4].  A value of A = 20.11 ~ 0.05 was obtained. The surface tension 

of solutions of alcohol in water were measured at concentrations of 

0.6,  19, 51, 78, and 96%by volume. The alcohoI concentration was 

determined with a set of float densimeters. The results are presented 
in Table 1. Table 2 gives values of the surface tension of aqueous 

solutions of ethanol obtained by graphic interpolation. The scatter 

of the experimental  data is 0.7% on the average and does not exceed 
1.5%. The maximum possible error is estimated at 2.5%, to which 

the chief contribution consists in the error in determining the number 

of pulses (up to 25). 

The experiments showed that the proposed method can be used for 
measuring the surface tension of aggressive liquids both in the saturated 
vapor and in an inert gas atmosphere. In the case of liquid metals, 
the jump can be registered electr icalIy from the change in resistance 

of a third (metal) capil lary inserted in a bridge circuit.  This possibility 

was tested in experiments on liquid sodium at temperatures up to 800 ~ C. 
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