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OVERTURNING AND ANCHORING OF MONOLAYERS®

By Dr. IRVING LANGMUIR
ASSOCIATE DIRECTOR OF THE RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY

Ix some studies of the mechanism of the flotation
process made several years ago! monolayers of oleic
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-
trip 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 monolayer 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 tale, proved that for
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.

LI 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 on the
surface.

The monolayers on the solid surfaces had an 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 water placed upon a clean surface of any
of these solids spread over the surface, wetting it com-
pletely, thus giving a zero contact angle, 6. The clean
surfaces are therefore hydrophilic. After the oleic
acid monolayers had been deposited, the surfaces be-
came hydrophobic and the contact angles depended
greatly upon the character of the underlying solid.
With mica the angle was 18°, 45° for glass, 65° for
platinum, 70° for calcite, 82° for 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 an 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 for expression of a capacity which normally
rarely comes to expression in the cabbage plant.

. ErHEL GOLDBERG

DEPARTMENT OF BOTANY, ‘

UNIVERSITY OF CHICAGO

EXACT PROBABILITIES IN CARD-
MATCHING PROBLEMS
A pECK of mn playing-cards composed of m suits of
n cards each, may be arranged in (mn)!/(n!)™ ways.
If 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 ; mym).
Huntington?! gave the values of (r ; 3,3) and (r ; 4,4).
He considered the labor in the determination of (r ;

TABLE 1
6x6

Score Frequency
0.. 165 949 769 769 961 828 425
1.. 28 996 446 742 915 700 420 640
2., 98 700 744 213 619 952 591 700
3.. 218 864 808 829 456 293 367 200
4.. 355 341 281 078 962 422 086 175
5.. 450 116 994 274 568 927 912 160
6 .. 462 909 014 435 100 202 332 336
T.. 397 123 967 735 823 016 052 640
8.. 289 793 784 100 001 073 868 710
9.. 182 524 670 735 530 786 230 560
10 .. 100 344 596 349 272 804 505 000
11 .. 48 575 943 371 163 005 793 504
12 .. 20 851 099 196 639 140 076 850
13 .. 7 980 545 109 018 220 394 400
14 ., 2 735 656 277 T29 448 992 400
15 .. 842 844 533 954 374 188 000
16 .. 234 038 576 801 926 712 520
17 .. 58 693 462 370 532 698 400
18 .. 13 313 942 477 144 955 600
19 .. 2 734 372 820 642 421 600
20 . 508 679 897 516 240 400
21 ., 85 715 584 272 352 800
22, 13 .076 448 757 088 400
23 . 1 804 316 455 605 600
24 .. 224 849 404 787 850
25 .. 25 255 852 293 600
26 .. 2 550 498 318 360
27 .. 230 827 143 200
28 .. 18 656 661 150
29 .. 339 048 800
30 .. 85 377 840
31.. 709 664
32 .. 243 135
33 .. 8 640
34 .. 540
35 .. .0
36 .. 1
2 670 177 736 637 149 247 308 800
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5,56) to be prohibitive. Sterne? found the values of
(21 ; 5,5) up to (25 ; 5,5) but knew of no way to deter-
mine these for smaller r. Greville® 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. Macmahon* 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 ; mn) for all m and
n less than 7 (m and n not being necessarily equal).
The frequencies for the case in which both m and n are
6 are given in Table 1.

Baxcrorr H. BRowN

DEPARTMENT OF MATHEMATICS

AND ASTRONOMY,
DARTMOUTH COLLEGE

1 Huntington, SCIENCE, 86: 499-500.

2 Sterne, SCIENCE, 86: 500-501.

3 Greville, Journal of Parapsychology, March, 1938.

4 Macmahon, Combmatory Analysis, Vol. 1, p. 99-112,
Cambndge, 1915.
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AN ORIENTATION IN SCIENCE

by
TEN MEMBERS OF THE UNIVERSITY OF ROCHESTER FACULTY

C. W. WATKEYS, Chief Editor

575 pages, 6x9. $3.50

HIS significant new book is a survey of natural science as developed with marked success

during the past ten years at the University of Rochester. As one student put it: “Science
is transformed in this book from a mysterious matter into an understandable, enjoyable, and
useful field of knowledge that is indispensable to an understanding of the modern world.”

In presenting the subject to the beginning student, the authors have found it useful to survey
a broad field of science. The authors believe that such a survey has three advantages: first, it
acquaints the student with the scientific method of thought and procedures; second, it gives him
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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.

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-
tributions of mathematics are carefully considered.

Send_ for a copy on approval

McGRAW-HILL
BOOK COMPANY, Inc.

330 West 42nd Street
New York, N. Y.
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Early American Observatories
BY WiLris I. MiLEAM

The following three pamphlets have been bound together
in book form under the above title and may be procured
postage paid for $1.00 from the McClelland Press, Williams-
town, Mass.

EARLY AMERICAN OBSERVATORIES

‘Which Was the FirstA Astronomical Observatory

n Ame

THE HISTORY OF ASTRONOMY
IN WILLIAMS COLLEGE AND THE FOUND-
ING OF THE HOPKINS OBSERVATORY
THE HISTORY OF METEOROLOGY IN
WILLIAMS COLLEGE
Temperature, Precipitation, and Other Data for
Williamstown, Massachusetts

BOTANIST, M.A., Ph.D,, nine years’ experience
in university work as class-assistant and lecturer.
Position offering opportunity for teaching and re-
search. Address Botanist, c/o Science, 3941
Grand Central Terminal, New York, N. Y.
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tutions
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glasses, $6. upward. Telescopes, spotting &
riflescopes. Microscopes, magnifiers & com-
passes $1. upward. Repair work & goods
guaranteed.

Catalog free,
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MANUAL OF
SEDIMENTARY
PETROGRAPHY

By
WILLIAM C. KRUMBEIN, Pa.D.

INSTRUCTOR IN GEOLOGY
UNIVERSITY OF CHICAGO

and
F. J. PETTIJOHN

ASSISTANT PROFESSOR OF GEOLOGY
UNIVERSITY OF CHICAGO

HIS is the only ¢omplete treatment of sedimen-
tary petrography written from the analytical
point of view. It is more comprehensive than
other books dealing with the same subject. Not
only are the usual topies of size and mineral analy-
sis treated in complete detail, but such subjects as
shape and surface-texture analysis, as well as orien-
tation analysis, are included. Likewise consider-
able attention is paid to sampling techniques, gen-
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

35 West 32nd St. 2126 Prairie Ave.
New York Chicago
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