Acc. Mater. Surf. Res. https://www.hyomen.org

Accounts of

Materials & Surface

Research

Two woman scientists who played crucial roles at
the dawn of surface science
Agnes Pockels and Katherine Blodgett

Noboru Hirota
Emeritus Professor, Kyoto University
19-6, Otokoyama-Yoshii, Yawata, Kyoto, 614-8363
noboru.hirota.75x@st.kyoto-u.ac.jp

In this article we review the work and life of two amazing woman scientists who made crucial
contributions to the developments of surface science and technology in the early days of the
surface science. Agnes Pockels was a German lady who had no formal training in science, but
she made important experiments in her kitchen using a simple apparatus called Pockels trough
and laid the foundations for quantitative study of the

contaminated water surfaces. The work she reported in Nature in =

1891 with the help of Lord Rayleigh became the first quantitative

study of the oil-contaminated water surfaces. Her pioneering work E B
was extended and elaborated by Langmuir who clarified the basic
properties of monomolecular films of fatty acids on water using a
technically advanced apparatus called Langmuir's trough.
Katherine Blodgett was born in Schenectady, New York, and
became an assistant to Langmuir at the GE Laboratory in
Schenectady. She developed an apparatus called
Langmuir-Blodgett’s trough to make multi-layered films from monomolecular films on water
surfaces. Blodgett showed that the films thus produced (Langmuir-Blodgett (LB) film) can be
used as coatings of the glass to cut down unwanted reflections.
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Noboru Hirota was born in Kyoto in 1936. He was graduated from the Faculty of
Science, Kyoto University in 1959. He obtained Ph.D. from Washington University
in St.Louis, USA, in 1963 under the guidance of Prof. S. I. Weissman. He did the
post-doctoral work with C. A. Hutchison at Fermi institute of the University of
Chicago, and then joined the Chemistry Department of the State University of New
York at Stony Brook in 1965 as assistant professor. He was promoted to associate
professor in 1968 and full professor 1971. He moved to Kyoto University in 1975 as
Professor of Chemistry in the Faculty of Science, where he stayed until the
mandatory retirement in 2000. His main field of research is electron spin resonance .
(ESR) and spectroscopic studies of the structures and reactions of free radicals and excited state
molecules in condensed phases. After his retirement he has been studying history of chemistry, and
authored two books entitled “A History of Modern Chemistry”, one in Japanese and another in English.
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Figure 1. Lord Rayleigh (1842 — 1919)
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“My lord, will you kindly excuse my
venturing to trouble you with a German letter
on a scientific subject? Having heard of the
fruitful researches carried on by you last year
on the hitherto little understood properties of
water surfaces, I thought it might interest you
to know of my own observations on the subject.
For various reasons I am not in a position to
publish them in scientific periodicals, and I
therefore adopt this means of communicating
to you the most important of them. «+++”
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Figure 2. Agnes Pockels (1862 — 1935)
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“I shall be obliged if you can find space for
the accompanying translation of an interesting
letter which I received from a German lady,
who with very homely appliances has arrived
at valuable results respecting the behavior of
contaminated water surfaces. The earlier part of
Miss Pockels’ letter covers nearly the same
ground as some of my own recent work, and in
the main harmonizes with it. The later sections
seem to me very suggestive, raising, if they do
not fully answer, many important questions. I
hope soon to find opportunity for repeating
some of Miss Pockels’ experiments.”
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Figure 3. Pockels’ trough’
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Figure 4. Irving Langmuir (1881 — 1957)
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Figure 5. Surface film balance™
(Langmuir’s trough)
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Figure 6. Relation between 1 and A,
Palmitic acid at 45°C
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Figure 7. Katherine Burr Blodgett
(1898 — 1979)
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Figure 8. Langmuir-Blodgett’s trough™®
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Figure 9. Principle of making a LB film
from a monomolecular film
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Figure 10. Reflections from film and
glass surfaces.
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“The methods she developed have become
the classic tools of the science and technology
of thin films. She will be long- and rightly-
hailed for their simplicity, elegance, and the
definitive way in which she presented them to
the world.”

116



Acc. Mater. Surf. Res.

6. BHOYIZ
RoyrnZAb7ayxy M ENR <
HLUZZRIOFEFLETH S ITEN R,
LorL, L oPRFE L L THIZRD 5
NeolE, EEL -T2, RNy VA%
BN E TH T T, YEEOHEM
ELOYERICT VB RATE S, 2, HUIT
BRRLA Y=Y B2 T-DIFRE R
EETH-oTZ, 7y y MIRELD GE
FOBET, 707227 L IHMOMAT
Hol=DT, HDOT KT 7 A4 ALH R — b
EZTHIENTE T, FREREEHRLD -
THZO L9 BEEICEENT IR FEOH:
RATHESD 72 7> T2 PRI S O T2 I E
20 A B THLMERREEO MR TR
LDOERGIETIE A H, LT, &
PERLEE O SR ML o St R ENIC R T
LABEWEREICB W TIZZE Y TH A I,
5% %< ORI FENERT H 2 L ZE
STIDINLEKZD,

BEXRELVE
)i 2 DB 5 5 ) BT R 24l H it
2. 2013
2) Nina Byers and Gary Williams Ed., “Out of
Shadows” Contributions of Twentieth-
Century Women to Physics, Cambridge Univ.
Press, 2006. Z DARIZIX 40 A D LoiF
F O (FL LTHEYE) DR L ABERN
IS Tnsd,
3) B. Franklin, Phil. Trans. R. Soc. London. B.
1774, 64,445
4) K. J. Laidler, “The World of Physical
Chemistry”, Oxford Univ. Press, 1993
5) Lord Rayleigh, Proc. R. Soc. London, 1889,
47,281, and 364
6) Lord Rayleigh, Proc. R. Soc. London, 1890,
48,127
7) A. Pockels, Nature, 1891, 43, 437
8) A. Pockels, Nature, 1892, 46, 418
9) A. Pockels, Nature, 1893, 48, 152
10) 7V —=RUvEiZEI=RPELORSO 1
ROBIFEL TEALT S Pockels R DFE

Acc. Mater. Surf. Res. 2017, Vol.2 (No.4), 110-117.

https://www.hyomen.org

RTHIBND, BlINAT N7 RFD
/B E LAY

11) W. 4 A K 7 7 /L b (Wolfgang Ostwald)
(Tmd e E b2 . Wilhelm Ostwald
DEFTHD,

12) W. Ostwald, Koll. Zeit., 1933, 62, 1

13) Lord Rayleigh, Phil. Mag. 1899, 48, 321

14) 1. Langmuir, J. Amer. Chem. Soc., 1917,
1848

15) I. Langmuir, Trans. Faraday Soc., 1920, 15,
62

16) K. B. Blodgett, J. Amer. Chem. Soc., 1934,
56, 495

17) K.B. Blodgett, J. Amer. Chem. Soc., 1935,
57,1007

18) K. B. Blodgett, I. Langmuir, Phys. Rev.,
1937, 51, 964

19) K. Blodgett, Phys. Rev., 1939, 55, 391

20) V. I. Schaefer, J. Coll. Int. Sci., 1980, 76,
269

117



