
F ~ n x u a ~ r 19231 1512, SCIENCE 

PROBLEMS IN THE DETERMINATION 
OF PHYSICAL PROPERTIES 

IN preparing f o r  publication the data  on 
physical properties of chemical subskances, the 
editorial staff of International Critical Tables 
\ d l  find from time to kime Chat important 
physical properties of. substances of technical 
and scientific impoi.tance are missing from the 
literature. As fast  as  v e  become aware of 
mis ing  clata of this character, i t  is our policy 
to formulate research problems covering such 
missing data. and to endeavor to interest chem- 
ists and physicists in  undertaking the necessary 
investigations to  supply the required data. 

Most of the research problems formulated 
i n  this lvay will be suitable fo r  bachelors' o r  
masters' theses and in a few insbances topics 
sufficientlg broad to be suitable fo r  doctors' 
theses mill also be available. Nang  of them 
mill be suitable fo r  experimental problems i n  
the ordinary laboratory courses in  physical 
chemistry and physics. Thus, f o r  example, the 
laboratory experiment covering the determina- 
tion of solubility might to advantage deal with 
substances whose solnbility is needed but is 
unknown. The a ~ e r a g e  of thc determinations 
made by a class of students, while not as accu- 
rate and reliable as  the determinations made by 
a slijlled investigator, mill nevertheless be very 
va,lnable when they constitnto the only data 
available on the subject. %loreover the average 
stuclent will be more interested in  a laboratory 
experiment the results of which are of actual 
value and worthy of pnblication t,han he ~vould 
be in  repeating for  the 92th time the measure- 
ment of a property of some system which has 
been measured many times before. 

I ~ ~ t e r ~ m t i o t ~ ~ a lCritical Tables will be glad to 
submit to interested instructors in  universities 
and colleges list* of problems of this character 
and to advise as f a r  as it can concerning suit- 

office of I&e~imtio,izal ~ l . i t ica1Tables on eom-
leti ion of the mork. 

A number of problems on the f o l l o ~ ~ i n g  sub-
jects are available a t  the present date: Heats 
of combination: solid oxides; F e  compounds. 
Specific heats: brass; solid sxides; steels; oils 
and fa t s ;  petroleum products; metals: salts; 
F e  compounds; asphalts. Latent heats of 
fusion : brass ; metals. Neat conductivity : 
steels. Latent heats of vaporization : petro-
leum produots. Viseosities : industrial mate-
rials ; solutions. Kinetics : rates of drying : 
hydrolysis of industrial materials; catalysis; 
transpiration of moisture ; bioc.hemica1. 
Strength: industrial materials. Thermal ex-
pansion : steels; F e  compounds. Freemng-
point-solubility diagrams : salts ; acids; metals 
in  watflr; soaps. Boiling points : solutions. 
Solubility of gases: i n  molten metals; in water. 
Chemical equilibrium; dissociation pressure.; a t  
1600" C. Electrical conductivity: metals; re-
fractories. Properties of colloidal systems; in- 
dustrial materials. Vapor pressure.; : metals ; 
solutions. Specific rotatory polver : gliadin. 
Index of refraction : solids. Density : e e ~ tain 
organic! compoancls; solutioris. Flash points. 
Surf ace tensions : solutions. 

SPECIAL ARTICLES 

CLUE BUBBLES 


1. Itatrodzccto~y. The improvements nhich 
I hare recently given to the interferometer 
U-gauge aclapt i t  f o r  measurements through-
out larger intervals. The apparatus requires 
some expe~ience on the par t  of the o p e r a b ~ ,  
but it  gives absolute pressure values directly, 
and is quite robust, if not abused. Adding the 
pin hole valve as  heretofore, I detected a hys-

able apparatus and methods of measurement. teresis-like phenomenon i n  the telephone, ac-
I't may be possible also in some instances to cording as a n  intermediate intensity of sound 
secure inoderatc financial assistance to aid i n  was reached from increasing or  from decreas- 
the purchase of materials and apparatus for  ing intensity, 
investigators interestecl in  carrying out ~ i ~ o r k  But the chief promise which the interfer- 
of this character. The results of such work ometer C-gauge seems to hold out is the 
may be published by the investigator in  any measurement of such small but persistent 
appropriate publication medium ancl they pressure increments as  a'ise in certain chem- 
should also be reported i n  dnplicate to the ical and bacteriological processes. Here, h0.r~- 
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ever, one is liable to be misleci by the insep- 
arable temperature effect. For when one 
shank of the G-gauge i:, closed, it becomes 
an air or vapor thermometer, reapoliding to 
much less than .OO1° C. pr r  fringes. Hence 
though I ventured a t  some length upon ex-
periments on gas absorption, vapor diffusion 
and solutional effects, it became increasingly 
obvious that the pressure increments and decrc- 
rnents obtained in a heated room were not 
trustmorthp. I shall rednme the ~vorl;: in the 
summer. 

2. Becbbles in general. Tn case of bubbles 
of any kind (bee diagrammatic insert, G-tube 
CU', co(*liC, bubble B ) ,  these annoyances full 
away and the pressure increment within the 
bubble is ac1,jnsted by the liquid film itself. 
I t  is of interest: therefore, to measure from 
pressures within the surface tension T of 
such films, parjsing by evaporation continu-
ously i'mm the liquid to the solid stateb. Of 
course, when the latter is reached, the bubble 
is no longer contractile and 2' ceases to- bc 
measurable; but one may a t  least reach n 
high state of viscosity. I have worked with 
silgar solutions, lnolassci anc! glue. I n  the 
former casc, persistent b:~hbli.s are not pro-
dncible; but 1)y adding a clrop of commercial 
soap solntiori to 10 cn~.%of sugar solution 
(1gram in 10 cm.3), bubbles 3 cm. in diameter 
or more arc obtained. Occasionally one per-
sists and dries out to a imooth, iridescent 
bubble of solid sugar, -which may be detached 
and prcserrcd. Again the sugar5 solution (or  
better plain distilled water) with one drop 
of liquid soap may be successively diluted, 
until the surface tension of pure water is 
closely approached. I pasbed in this way 

from T below 30 to T above 60 and could 
ha^-e gone further. I t  is interesting to note 
that when 7 is high, it rapidly falls off to 
lower values, possibly from the contamination 
of the surface of the film on exposure, but 
more probably, as I think, from the marshal- 
ling of the remaining colloidal molecules a t  the 
surface, with expenditure of potential energy. 

3. Glue Bubbles. These (common liquid glue 
diluted 5 to 10 times) are obtainable directly, 
since a dialneter of 2 cm. or  less is adequate. 
Nevertheless, if the mixture were expensil-e, 
the illevilable waste would be prohibitive. 
Fortunately it is not, and all that need be 
expended is patience, which ib cheap. As 
ahore, bnbbles are sometimes obtained which 
actually last indefinitely and these solid glue 
bubbles may be ultimately detwhcd. I give 
the time record for  two of them in Figure 1, 
in which surface tension T, is exhibited in the 
lapse of minutes. I n  the first of these the 
droj, a t  the bottom of the bubble dried with- 
out further distortion, the bubble remaining 
hpherical. I n  the second the drop blew itself 
out further and the bubble became symmetric- 
ally pear-shaped. I n  the case of the sphere, 
T a t  the beginning increased in stages shown 
at  a, h, c, d, e, in the figure, the interval of 
persistence from a to d being less and less pro- 
longed, while e is permanent. One would be 
inclined to consider these steps as successive 
phases passed through on the way to solidifica- 
tion; but the mottled color patterns on the 
bubble show that a t  most a complex of phases 
are temporarily in equilibrium. At f, after 
about 20 minutes, T apparently begins to de- 
crease regu1arly.l I t  is obvious, therefore, that 
a t  f the bubble is practically solid, that most 



of the water is gone and the compressed air 
within is now following, diffusing outward 
through the meshwork of colloidal molecules. 
The apparent decrease of T is thns spurious, 
merely implying that the solid bubble is con- 
tinuous but leaky. This may be tested by 
opening the stopcock. After 4 hours no in1 
ternal pressure is left. I n  case of the pear 
shaped bubble, the phenomenon was like the 
preceding, but much more rapid, so that stages 
of 1 could not be recognized. The !l'reached 
by the nearly solid bubble is very high, but 
a part of i t  must be referred to the change 
of shape specified. 

I n  figure 2, I have sho~vn the result of the 
successive dilution of thc original liquid 
glue. The surface tension remains low and 
nearly constant until a dilution of the order 
of .005 is reached. Thereafter, with further 
dilution, T increases very rapidly to above 60 
in the figure. Using the last (dilute) solution 
about a week later, bubbles were no longer 
obtainable, even after warming. Adding a 
drop of dilute soda solution, however, restored 
its bubbling virtue. On successive dilution by 
halving, this gave (in mean values) T = 52, 
59, 63, 68, 73. With two observers, one to 
measure the diameter of the bubbles and the 
other to manipulate the interference fringes, 
even closer approach to a water surface would 
be possible. Though thick and colorless, the 
bubbles have to withstand an increasing capii- 
lary strain and like time and tide they tarry 
for no man. 
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From the viewpoint of the botanists the Bos- 

1 Even at e the evidence of increasing T may 
be masked 121 the incipient solidification. 

ton meeting was one of tb best in recent years. 
While tihe number of members in attendance 
from the interior and from the west was some- 
what smaller .than art the Chicago meeting, there 
were prop~~t ionate ly  moye of the eastern work- 
ers in attendance. The botanical programs pre- 
sented a; imposing array of titles. Sonlekhing 
over two hundred papers and addresses were 
scheduled in the various meetings for plant 
worliers. 

The extent of the program as well as diversity 
of interest compelled two or more series of bo- 
tanical papers a t  each session. The efficient 
messenger system, however, readily enabled all 
to know the progress of all programs so that 
papers of special interest, though in different 
rooms, could readily be h e a d  unless they actu- 
ally conflicted in time. 

An examination of the content of the bo- 
tanical programs offered !by the different see-
tions of the affiliated societies shows a tendency 
towards greater variety than formerly. The 
strict categories are breaking down, along eel-- 
tain lines at least, and i t  often happens that a 
given paper may very properly be classified or 
presented in two or more sections. This may 
be due to broader interest or better training of 
the present worker% but prilnariiy to the grow- 
ing appreciation of the interdependence of the 
several fields of plant science. 

I n  a still larger sense the lbounda~ies between 
zoology and botany as a whole are becoming 
sather shadomy'in many places, and the physi- 
ologists, geneticists and ecoliogisits plwpel-lg pass 
from one class of material to another and fol- 
low both sides with keener interest. These facts 
$bespeak the need for large scientific meetings 
where members of the several sciences may hold 
progra#ms in parallel series with greater profit 
to all concerned. Though emphasized else-
where, it may (be repeated here that modem 
buildings such as those a t  the Massaohusetts In-
stitute of Teohnologg afford ideal cond~lions for 
holding such meetings as those recently held 
in Boston. 

The invitation program of Section G was 
held on Kednesday afternoon as a joint session 
with the Botanical Society of Amerlca and the 
American Phytopathologiml Society. The pro- 
gram, which was attended by s large number 
of botanists, included the address of the re-


