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OVERTURNING AND ANCHORING O F  MONOLAYERS* 
By Dr. IRVING LANGMUIR 

ASSOCIATE DIRECTOR O F  THE RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 

INsome studies of the mechanism of the flotation 
process made several years ago1 monolayers of oleio 
acid were spread on water, and by a. dipping process 
were deposited upon solid surfaces of glass, platinum, 
mica, calcite, sphalerite and galena. With each of 
these solids no monolayer was deposited on the down- 
t r ip  into the water, but on the up-trip the surface came 
out of the water initially wet and on top of the water 
film there was a monolaver of oleic acid. After the 
draining out or evaporation of the water film the 
hydrophilic groups in the oriented oleic acid molecules 
were brought into contact with the solid surface to 
which they adhered more or less firmly, depending on 
the nature of the solid. Repeated dipping into a clean 
water surface, dusted lightly with talc, proved that fo r  
all the surfaces except mica little or none of the oleic 
acid monolayer escaped onto the water. 

* Address of the vice-president and chairman of the 
Section of Chemistry, American Association for the Ad- 
vancement of Science, Indianapolis, December 28, 1937. 

1 I. Langmuir, Trans.  Faraday Soc., 15: 62, 1920, re- 
printed in G-E Rev., 24: 1025, 1921. 

Two methods were used for  detecting and studying 
the properties of these deposited monolayers : obser-
vations of the lubricating properties and of the con- 
tact angles given by drops of water placed o n ,  the 
surf ace. 

The monolayers on the solid surfaces had a n  enor- 
mous effect upon the static friction of small glass slid- 
ers placed on the surface. On glass without the film 
the sliding angle was over 60°, but this was reduced 
to about 6' by the monolayer. 

Drops of wa,ter placed upon a clean surface of any 
of these solids spread over the surface, wetting it com-
pletely, thus giving a zero contact angle, 8.  The clean 
surfaces are theref ore hydrophilic. After the oleic 
acid monolayers had been deposited, the surfaces be- 
came hydrophobic and the contact angles depended 
greatly upon the chara.cter of the underlying solid. 
With mica the angle was IS0, 45' fo r  glass, 65O for  
platinum, 70' fo r  calcite, 82' fo r  sphalerite and 86' 
for  galena. 

Mica behaved differently from the other substances 
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quent than from the external callus. Most shoots 
arose from external callus produced by the pith and 
by the phloem, though in some cases the xylem and 
endodermis also were involved to a small extent. 
These regenerated shoots always established organic 
union with the vascular tissue of the decapitated shoot 
and became functional. 

This observation of shoot regeneration by cabbage 
following treatment with Beta (3 )  indole-acetic acid 
is not a n  instance of induction of a new characteristic 
by a chemical agent. Occasionally (very rarely) de- 
capitated control cabbage plants produced shoots 
without application of the acid. The chemical treat-
ment apparently merely induces the internal conditions 
requisite f o r  expression of a capacity which normally 
rarely comes to expression in the cabbage plant. 

EXACT PROBABILITIES I N  CARD-  
MATCHING PROBLEMS  

A DECK of mn playing-cards composed of m suits of 
n cards each, may be arranged in (mn) !/(n!)m ways. 
I f  one of these is compared with some standard order, 
the number of coincidences is called the score. The 
frequency of any score r may be denoted by ( r  ;m,n). 
Huntington1 gave the values of ( r  ;3,3) and ( r  ;4,4). 
He considered the labor in  the determination of ( r  ; 

TABLE 1 

6 x 6 

Score  Frequency 

5,5) to be prohibitive. $terne2 found the values of 
(21 ;5,5) u p  to (25 ;5,5) but knew of no way to deter- 
mine these f o r  smaller r. Greville3 has recently found 
all values of ( r  ; 5,5) ; his solutions are correct, but 
involve much labor. 

The problem is by no means as difficult as these 
papers imply. Macmahon4 gave a direct method of 
attack by which Greville's results may be checked with 
about 12 hours of machine calculation. I have re-
cently determined the values of ( r  ;m,n) f o r  all m and 
n less than 7 ( m  and n not being necessarily equal). 
The frequencies fo r  the case in which both m and n are 
6 are given in Table 1. 

BANCROFTH. BROWX 
DEPARTMENT MATHEMATICSOF  

AND ASTRONOIXY,  
DARTMOUTH COLLEGE 

1 Huntington, SCIENCE, 86 : 499-500.  
2 Sterne, SCIENCE, 86: 500-501.  
3 Greville, Journal of Parapsychology, March, 1938.  
4 Macmahon, Combinatory Analysis, Vol. 1, p. 99-112,  

Cambridge, 1915. 
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a bird's-eye view of the principles and problems 
underlying various branches of science; third, it 
permits him to see the relation between one field 
of science and others. 

i 

The book is unique in that it successfully covers 
the essentials of many different fields. Of particu-
lar significance is the discussion of the relationship 
of physics and chemistry, geology and biology, phys-
iology and psychology, chemistry and biology, and 
every other possible combination of the fields listed 
in the table of contents. In  all these fields the con-
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Early American Observatories 
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F. J. PETTIJOHN 
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tary petrography written from the analytical 
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erally given only brief consideration in works of 
this type. Finally, it contains the necessary sta- 
tistical theory and methods, as well as optical the- 
ory and methods, needed in the detailed study of 
sediments. 

The presentation of the subject makes the book 
equally suitable as  a text or reference work for the 
detailed study of sediments and other particular 
substances. The material is organized on the basis 
both of the component grains of the sediments and 
of the properties of the aggregate. Size, shape, 
surface-texture, and mineral analysis constitute the 
main framework of the text. 

This is an up-to-date, authoritative, and practical 
book that in addition to supplying the textbook 
needs of advanced courses in  sedimentation and 
sedimentary petrography, will be of use as a refer- 
ence book for research workers in sediments and 
for oil field laboratory workers, and will be helpful 
to soil scientists and ceramists. 

D. APPLETON-CENTURY COMPANY 
36 West 39nd St. 9196 Prairie Ave. 

New Y0rk Chicago 

C 
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