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mmm:luml examination of one hour for the doctorate,
after your thesis had been approved, was held in down-
town Leipzig in a drab building having small rooms in
which most exams were held, Professor Credner of
geology examined me in his own office, although he
adhered strictly to the old formality of a previous court-
esy call to request the examination—with the candidate
appearing in full regalia, tails, white tie, high hat, gloves
and cane—all at 11:00 am, The Germans lacked the
English and American prohibition of wearing full dress
before evening. Ostwald and probably some of the other
department heads examined two candidates at once,
thus saving time and doubling their fees, I was examined
by Ostwald, in company with a Polish student of chem-
istry. The first half of the examination was on subjects
in which I was better prepared, but midway in the hour
Ostwald switched to other subjects and the situation was
reversed, The Pole had the better part, 50 we came out
about even, Both of us passed but both I believe with
magna instead of summa cum laude.

In my experimental thesis work I fared much better.
Soon after I switched to the reaction of hydrogen and
bromine I found that the key to the measurements de-
pended on a more accurate method of measuring the
reaction product hydrogen bromide, which on dissolving
o W;f becomes hydrobrdo:lic acid. The acid content
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stants, This work was completed in Leipzig ;
and now, fifty-four years later, his equatf:g j,:,lchl,d- 4

the values of the constants, still stand g essenially

correct, It is quoted in every monograph L
and in practically all texts of physical chsmi::?y :l,mﬂ:

classical example of a reaction whose kipetics are a
once complex and understandable.” (Radiation Re ]

search, /0, 605 (June, 1959) ). Further association with
Bodenstein in Minneapolis and in Rome is cjteg in
Chapter 11,

As to the city of Leipzig itself, how sad the changes
that came at the end of the Second World War. It wa

assigned to Russian domination which still exists, By §

I cannot imagine that its sturdy and independent citizens
are happy under Communistic regime. The University
is also affected. The notorious Klaus Fuchs, who be.

trayed the United States and its allies was unbelicvably

given only twelve years imprisonment in England, Upon
completing his sentence, a position was open for him in

the University of Leipzig where his father is also 2 %
Professor. The former Ostwald Laboratory is no longer 8%

sought by physical chemists from all over the world and

can accept only Bolsheviks from within the realm of

communism. How long this deplorable situation will ast
10 one can know, but I do not doubt but that some day

the worthy Saxons will arise and cast out the treacher |

ous invaders,

CHAPTER 5
THE UNIVERSITY OF MICHIGAN

Soon after 1 had recejved the Ph.D. degree at the

University of Leipzi mend
g 1 was recom
Massachusetts Instiute of Technology for aned e

ship in chemistry at the University of Michigan, 1 glndll;

accepted the appointment at this well-known inatitutim:i. :

although it was made for but one year at the stan i
small salary of $900, but not to include summer 5ch°
salary, Appointments to instructorships were review
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each year for the first three years, and if renewed were
at the same salary, On continuation beyond three years,
the salary was then increased by $100 per year to a
maximum of $1200, where it remained until the Uni-
versity should decide to extend permanent tenure by
appointment to an Assistant Professorship at $1600 per
annum. 1 left before attaining to that high honor and
little thought that thirteen years later 1 would be offered
and decline the headship of the Chemistry Department.

Compensation for work in the Summer School was
equal to about one-fourth the annual salary. The head
of the division of physical chemistry, Professor 8. Law-
rence Bigelow, also a Leipzig doctor, was a man of
means who did not care to work in summer. Conse-
quently I was permitted to teach in summer but did not
draw my salary, in order to take advantage of an un-
wsual and most beneficial policy. At the end of four
summers if one left his summer pay with the University,
he would be given a year’s leave of absence at his then
annual salary so that he might take postgraduate study

" at any upiversity of his choice. I refer later in Chapter 6

to my selection, 1 have always regarded this as a most
wise policy and hope it is still in force.

The life of a young faculty man in Ann Arbor in the
early part of the century had many attractions. Most
of the faculty men in the higher ranks had come from
the eastern states and had brought with them urbane
standards of life and society. High hats and frock coats
were de rigeur for Sunday afternoon calls on the mar-
ried families or daughters. Families which did not enter-
tain in sufficient style to be thought worthy of such calls
were not considered to have highest social rank and
accordingly were neglected by the snooty young
bachelors.

A faculty bachelor’s club, the “Apostles,” so named
by President Angell's wife for originally having been
twelve, had, by my time, expanded to eighteen. Election
could be made only to fill vacancies. I was nominated
by my fellow Instructor of Chemistry, William J. Hale,
a Harvard Ph.D. Upon election in the fall of 1905 I
took a bedroom with adjoining study in the house
where all the Club members had meals, though only
one other, Dr. Elmer Butterfield, lived in the house.
Not until later did the Apostles attain to their own
house on Hill Street, where I lived to the end of my
stay in Ann Arbor. The Club idea became quite popular
and two similar Clubs were organized to care for the
numerous faculty bachelors. The Apostles later moved
to a yet larger house and were still vigorous when I
last visited Ann Arbor. Later, however, the bachelor
clubs at Michigan folded up. I believe none exists now.
The reasons were: earlier appointment to positions with
higher salaries, and consequent increasing ability to
marry and establish private homes.

My friend Hale, while still at Michigan, married
Margaret Dow, the daughter of Herbert Dow, founder
of the Dow Chemical Company of Midland, Michigan.
Two years after their marriage his wife succumbed in
the flu epidemic and left him with a daughter one year
old. In order that the baby, the first granddaughter of
the Dows, might be near the family and be cared for
by his mother, Hale moved to Midland where he made

his home until be died there in 1955 at the age of
cighty.

cause of the high iodine content of the salt brines under-
lying that region. As a student at the Case School of
Applied Science, Dow had become interested in the
Ohio brines as a source of iodine, but found them too
low in iodine for commercial exploitati
financial support Dow had initially came from his
Cleveland friends ,%hﬁ;‘proﬂpﬁmuuﬂywyh
company prospered widely ex| 3 it was
notumﬂ%rorldWarldmtbecompmyruﬂytqnd
itself and moved into large production. Up to the time
of Hale's advent the company had produced inorganic
materials only. Hale, himself an organic chemist, con-
vinced Dow that he should enter the organic field.
Hale as Director of Research, and later with the able

:

of the Dow Company expanded into the great success
we know it to be today. Hale's second contribution, or
perhaps the first in chronological order, was to’rcmind

library.

Hale never remarried and spent most of his time at
his home in Midland. After his daughter Ruth married
and moved to Washington, Hale furnished a room for
himself in the Cosmos Club so he could occasionally
be near his family and his grandchildren.

But in following Hale, 1 have wandered away from
my life in Ann Arbor. I was there from 1905 to 1913
except for the one year spent abroad which will be
treated in the next two chapters. I carried on some re-
search and published a few papers. I supervised labora-
tory work in General Chemistry and had charge of the
laboratory of Physical Chemistry under Professor Bige-
low. 1 studied the propagation of gas flames and at-
tempted to stop them electrically as the explosion wave
passed through an electrostatic field. The results at first
looked promising but on refinement of method proved
to be spurious and were never published in full, though
some reference to their negative character was made in
another connection, I did not regret the undertaking
however, as I learned much from it. Using a different
gas mixture someone else was later able to retard explo-
sive waves in an electrostatic field.

One incident that occurred in Ann Arbor I shall men-
tion though the main facts leading up to it will be re-
lated in the following chapter. On returning from Paris
and Vienna where I had begun work on the chemical
effects of ionizing radiation I had no radium available
at Michigan to continue my experiments. I therefore
turned to the literature and collected all the published
data from various sources that had a bearing on the
subject. I then developed methods of calculating the
quantity of ionization involved in each reaction—a very
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CH, to form ethane and eliminate hydrogen (CH,*+
CH,=C;H, + H,*). Since CH, has o affinity for the
free clectrons liberated when CH,+ is initially formed,
the only function of the electrons is to reestablish elec-
trical neutrality by combining with H,* (Hpy*4-e”+
M=H,+M) (where M is any neutral molecule in a
three-body collision), so that the net result is the forma-
tion of ethane and hydrogen in equal molecular quantity
and the disappearance of two methane molecules. But
if one component (e.g, O,) has affinity for free elec-
trons a negative ion (O,~) is formed which also reacts
and enhances the ion yield beyond that from the posi-
tive CH,+. Chain reactions may also result, in which
case M/N may become very large before termination of
reaction by ion neutralization (e.g., in H, 4 Cl,— 2HCI).
(See details in Chapter 8).

1 then made efforts to induce some of the philanthro-
pists in the East who had various scientific
institutes to found a Radium Institute in the United
States and supply it with radium which then had to be
purchased from the Armet-de Lisle Company in Paris.
Of course 1 would have been willing to act as Director,
q:ough 1 believe T did not mention it. But I did empha-
size th::' zrzat;ﬁ an opportunity to work with radium,
These no success and 1 was fo

pep e it o

A I iving in Ann Arbor 1 i
gunng_vacamm for outdoor recreation, golf an':iaga;g
ing being my favorites, 1 persuaded the University li-
brarian, John Koch, a fellow Apostle, perhaps somewhat
corpulent, o take up golf, One Sunday morning as we

of Toronto, outfitted at a Canadian 3
andmadcatwoweekstripdm;;b:umna,mt
terminal lake on the railway without eyer seei
party. We were perhaps the only ones thatmg ;
trip during the entire summer. T manageq g5 ¢ tha 4
supplied with bass by trolling en romeor;,ym keep o,
carly or fishing late after camp supper, The oo ¥ 4
did not care for fishing, although they en; Other 3
my catches. Bass were abundant in these re::z:d ing
fished :;ileds » Seldoy
On the canoe trips in Canada I 3
rapids if at all safe, rather than ;ﬁ'ﬁ%"'mh |
in the wilds one could notﬁskloginghlwge“:z'hg :
supplies. My companions usually urged Portagin ]
oneoocaﬁontbeyinsistedonponagingmeirdumg'o' 1
with clothes and food while 1 assayed the cang. ™D .
after having assured myself of its safety. In five pi &
uwcorlaslhadmndowntotheamms:; 1
and waited hours for them to arrive, plodding slowly 1
in the heat with their heavy burdens. This also avoideg
a double portage to carry the canoe. Another time we 1
reached the head of swift rapids and high falls just be. T
fore dark. Scouting disclosed the only camp site just
above the falls but beyond the rapids. The problem was
to be able to shoot the rapids and stop at the camp site
without going on over the falls which would have been |
disastrous. Owing to approaching darkness and need
for haste we all three embarked at once with full ug-
gage. The load weighted the canoce so low that it was
difficult to steer and liable to tip and take water. We 3
shipped water several times and just made the Janding
above the falls with water nearly up to the gunwalesin 3%
the canoe. E
But canoeing was not always in the wilds, A favored -
trip was to ship a canoe up by rail to a lake, take the 3
train up and return down the Huron River to Am .
Arbor. This required a full day. If skillful one could
shoot some rapids or small falls on the way. But usually 3
we made portages—always when gitls were in the party. 3
Also, short afternoon trips on the Huron River above g
Ann Arbor were pleasant. One afternoon I was retur- 3
ing from one with my friend Phil Bursley when we e £
countered an overturned canoe and two ladies standing g
in water more than waist deep. In attempting to changé
seats they had upset. Fortunately the current was ol ¢
swift and we managed to rescue the ladies and get thew .3
into their canoe again. That evening in the recepliol -
line for newcomers to the University Faculty it ¥4
amusing to find one of the two ladies from the O

7

river g 4

£

g

The Memoirs of Samuel Colville Lind

turned canoe—a recruit for the women’s athletic de-
t. In being introduced I could not refrain from
saying, “1 believe we have met before.”

But I must not wander away from Ann Arbor in a
canoe. Forty miles west of Detroit, it was in 1905 well
known as the seat of the University of Michigan,
founded in 1837, which became the first of the mid-
western universities to attain rank and distinction equal
to that of the larger eastern institutions of learning. The
populaﬁon grew to thirty or forty thousand. Former
residents of Detroit began to maintain residence in Ann
Arbor, while commuting daily between the two. The
University grew to thirty or forty thousand students,
especially numerous immediately after the two wars
when students returned from military service to resume
their studies. Today the University of Michigan main-
minsiuhighﬂanding,hstnmnyothermidwutmi-
versities, including its own sister institution at Lansing
are its rivals in many respects.

AsIlookbackovcrmyeariyday:alaxmimyln-
smmtorattheUnivenityoiMichigan,itﬂenminga
half century of teaching and research, I long for return
of the youthful enthusiasm and inspiration that I felt.
My contacts with beginners in freshman chemistry
laboratory were pleasant and gave me the opportunity
mseetbeextentoftheirpreparaﬁonandfedthztl
was accomplishing something worthwhile in introducing

CHAPTER 6
MADAME CURIE'S LABORATORY, PARIS

While an Instructor of Chemistry at the University
of Michigan I became convinced that radioactivity
would surely become a field of increasing importance
and that 1 should gain some firsthand knowledge of it.
I therefore decided to apply to Madame Curie for ad-
mittance to her laboratory in Paris. 1 was fortunate in
being accepted and in having a year of earned leave
making me free to work there.

1 spent the summer of 1910 in France studying the
language, as I had done in Germany, in preparation for
lectures and laboratory work in the fall. To have an
opportunity of speaking French with as many different
people as possible I decided to go to one of the smaller
resorts on the North Sea coast where I could afford to
stay in one of the beach hotels. I chose St. Valery en
Caux, a small resort about fifty miles from Dieppe.
This choice proved to be fortunate. A school of French
for foreigners was located there and I could associate
with many students having the same object as mine.
Through them I also met many people at the Casino in
the evenings where I could hear French.

My day at St. Valery consisted of a light breakfast
in bed (café au lait and a roll), study for several hours,
a dip in the ocean just before noon, lunch at the hotel
where T learned to enjoy the cider of Normandy, native
to that region. A postprandial nap prepared me for the
rest of the afternoon at the beach where 1 wandered
about, talking French with as many different acquaint-

ancelaspoudble,solhatlwonldmlmﬂ:ot’ ict my poor
French on any one group too long. )
’Ihiswasa_plusantapdproﬁtahhwayofspendms

12:00-1:30. One could remain, if he wished, locked in.
I often did remain but some of the men did not enter
until after lunch and then worked through until seven.
At that time (1910) the Curie Laboratory was not
iniupmmloeation,bmmupiadpartofmlpm—
ment building at 12 rue Cuvier. The laboratory con-
sisted of about a dozen research rooms scattered over
the ground floor, including a small shop and library.
(The étages above were rented as private apartments
with no relation to the laboratory below.) Only workers
already having the Ph.D. degree were accepted. Madame
Curie interviewed me in the little library and advised
me fo take a course of laboratory training in radio-
activity from her first assistant, Dr. Debierne. This I
did and at the same time attended Madame Curie’s
lectures on radioactivity in the Sorbonne. Her lectures
were most interesting in tracing the history of the dis-
covery of radium and polonium by herself and her late
husband, Pierre Curie, and their subsequent studies of
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Ofn:e latter she had undertaken only upon persuasion

. inst her own will. No
of her friends, somewhat aga f
woman had ever been elected to the Academy o
Science. It was customary and almost ohligatory. for
the candidate to call upon each of the forty members
to solicit their votes. This was not only time consuming
but personally embarrassing to Mada'me Curie. But she
undertook it in good faith and received much encour-
agement, It appeared that a safe majority of chemists
would support her and the question of admitting women
members was put up to the Institute, consisting of the
five Academies. The Institute reiterated its opposition to
women as members but at the same time agreed that
each Academy should be free to make its own choice.
The Academy of Science then indicated it would prob-
ably give Madame Curie a majority vote nevertheless.
She then proceeded with her candidacy and it appeared
a foregone conclusion she would be elected. The Paris
Sunday papers ran full page accounts of her and of her
accomplishments. This continued until about two weeks
before the election when sudden opposition developed—
because she was foreign born (Polish), because she was
a woman, because she was falsely designated as Jewish,
and perhaps for other reasons.

At the Laboratory. we felt so sure she would be
elected thag we provided flowers to present with our
congratulations, But to our great astonishment and dis-
appointment she was defeated by one vote. A French-
man of much less distinction was elected instead Our
head mechax_lic hid the flowers behind his iathe.
‘hi/_lgdame Curie never consentgd to make a second can-

idacy for the Academy of Science but later was elected
&oﬂ]‘s %cademy of Medicine for her valiant work in
1{0 A ar I in aiding victims of exposure to radiation,
égin my work in radioactivity I took a laborato
course in measurements under Professor Debiel r()l'
became associated with Professor William Du: e in h
fg:lﬁtbi;m, purification, and measurement of r:::nl?rg:;
ratory solution of radium salt, Prof
on leave from the Uniyer.s - Professor Duane,
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had been instrumenta] ; ie Laboratory and
the Carpent I securing for it a donation f
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make thin-walled glass comau'uersl.)wileu{l'::g,kI i
posed the outer shielding tube had beep heenly
drawn out at the same time as the inner one. ?l‘t;? i
not successful. So we then conceived that the oy gl
of harder glass was used merely as a stationg er;ube
open at both ends so that the soft glass tube ::yo:ljdd'
heated, and drawn down inside the shield to the n .
sary thinness, while using just enough pressure lom
t\;ent col:apse (;f ;he thin capillary during drawing atp;:

mperature of the oxygen flame,
st yg reduced by the fused

It happened that I wanted thin glass spheres about
l_mm_ in diameter, to transmit alpha rays equally in all
directions, so I could calculate jonization of OXygen in
the production of ozone. Accordingly we drew a thin
capillary, inside the quartz shield, to as fine diameter
as would transmit air pressure and thus expand a small
sp_here at the tip of the sealed capillary. I soon obtained
thm-wa!]ed spheres with wall equivalent in alpha ray
absorption to about 1 cm of air, These thin glass spheres
proved later to be very effective in studying ozonization
of oxygen. Upon exhibiting the first specimen to Dr.
Debierne, he admiringly pressed it not too gently be-
tween his finger and thumb in testing its strength. Of
course, to his embarrassment, it collapsed. But with the
p:-ocq;:ls established we were soon able to make others
at will,

In the Curie Laboratory I also made some experi-
ments in the hydrogen plus bromine gas system, and 00
hydrogen bromide, both gaseous and liquid, using bo
B-y and g-irradiation. The penetrating (8-y) radiation
caused no detectable change in either HBr or Hy+Bf
in 37 days irradiation from 200 millicuries of radium

chloride. The synthesis of HBr from its elements Wi

effected by radon giving an ion-molecule yield of 05

in agreement with Gillerot's later result (Bull, soc. chit

tog, :
newastt F |

oScribeq
capillary tubes of the required megsﬁned in gla: [: -

t the work Wag :
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Belg., 39, 503 (1930)) at the University of Louvain. At
303°C, where the thermal synthesis of HBr from its ele-
ments is very rapid, I found radon produced no detect-
able enhancement, in contrast with the photochemical
effect. Liquid HBr was decomposed to the extent of
about 2% by 10 me of radon and 1 cm? volume in 14
days. The energy required to decompose that quantity
of liquid HBr is about 3.5% of the total energy of the
radioactive radiation. Experiments in aqueous solutions
of HBr and of KI, both with penetrating (8-y) radia-
tion from 200 mgs RaCl,, and with o-radiation from 5
me of radon per cm?, disclosed decomposition of both,
much greater with a-radiation than with 8-y, and greater
in acid than in neutral solution.

The proposed study of ozonization of oxygen required
the o-rays of radon and of its decay products (RaA and
RaC’), since the absorption of penetrating (8-y) rays
by gas is too slight. Owing to the heavy demand for
radon in the Curie Laboratory I could be supplied only
about once a month. On learning that the new Institute
for Radium Research in Vienna was well supplied with
radium, I applied for admission there and was accepted
with the assurance that an adequate quantity of radium
would be reserved for my exclusive use, Therefore, with
many regrets, I left the Curie Laboratory about Easter
time in the spring of 1911 and transferred to Vienna.

1 cannot express too strongly my indebtedness to the
Curie Laboratory for my cordial reception and for the
training T got there in about seven months. But in my

eﬁomtoleamwmeasmetheintcnsityofudwi?nl
never mastered the manipulation of the piezoelectrique
instrument that had been devised by P. Curie in his
studies of piezoelectricity. It requires practice in the
gradual lifting of weights of different magnitude sus-
pended from a quartz crystal in a certain axial direction
so that the tension shall just counterbalance the dis-
charge due to the piezo-electric effect, thus keeping the
indicator at exactly zero during the entire operation of
some seconds or a few minutes, depending on the weight
and the radiation intensity being measured. To the un-
initiated, my description may be as difficult as the opera-
tion of the measurement itself. My timing of the lift
was never exact enough, running ahead or behind with-
out control. This is a criticism of myself, not of the
instrument or its proper operation. But others (including
Dr. Elizabeth Rona) also had difficulties in its use.
Although the Curies and their assistants, however, used
it with excellent accuracy in all of their work. But I
later preferred a gold or silver leaf electroscope, cali-
brated with known sources of radioactivity and have
used this in all of my subsequent research. But in spite
of my difficulty with the piezoelectrique the ability to
collect and handle the gas radon from radium solution,
which I studied together with Professor Duane, has
been of the greatest benefit to me subsequently and I
trust that my work in preparing standard radium salts
and solutions has helped other workers in this field.
(See Chapter 8 on “Colorado™).

CHAPTER 7
THE RADIUM INSTITUTE IN VIENNA

The discovery of large deposits of pitchblende in
Czecho-Slovakia, which was then that part of the
Austro-Hungarian empire, known as Bohemia, made
Vienna an early center of radioactive research. It was in
the old pitchblende residues supplied from Vienna that
the Curies first discovered both polonium and radium,
descended from uranium, An Austrian philanthropist
named Kuppelwieser donated a fund to the Vienna
Academy of Science to found and support the Institute
for Radium Research which, as property of the Acad-
emy, was turned over to the Department of Physics of
the University of Vienna for administrative operation.
Profesor Stefan Meyer became its first Director. It was
by him I was received as visiting scientist.

Meyer was supported by an able staff. Victor Hess,
later awarded the Nobel Prize for the first discovery of
cosmic rays in the higher atmosphere, was Assistant
Director. Fritz Paneth, Otto Honigschmid, and Karl
Przibram were also there during the few months I spent
in Vienna from Easter to August in 1911. Meyer re-
ceived me most cordially and immediately gave me a
key to the Institute for use at all times, and a letter to
all instrument makers and glass-blowers in Vienna so
that I could place orders at will. Materials were de-
livered promptly directly to my desk, which greatly
facilitated my work on ozone production.

My work on the production of ozone by the alpha

rays of radon and its decay products was taken up at
once on my reaching Vienna. Radon, after collection
and purification by the method of Duane, was confined
precisely in a Lind thin-wall alpha-ray sphere about 1
mm in diameter and with a wall thickness equivalent
to about 1 cm of air, leaving the longest alpha rays a
path of about 6 cms in oxygen in all directions except
where the thicker tip and stem intervened. This source
was then placed at the center of a glass sphere a little
over 6 cms in radius. A stream of oxygen was ozonized
on passing slowly through the large sphere containing
the central alpha ray source. The ozone was measured
by absorption in potassium iodide solution to liberate
iodine, which was titrated with 1/200th normal thio-
sulfate solution. The resulting ozone showed a maximum
yield of two molecules per ion pair which might be
represented by: Oy 4 (a) = 0+ 47 O+ e~ >
O+ 0; O 4+ 0y +M— Oy + M, or some other suit-
able mechanism. The yield was rather variable, increas-
ing with the rate of flow, and highly dependent on the
oxygen pressure. The reverse reaction, ozone decompo-
sition, a long-chain reaction as later shown by Bernard
Lewis, doubtless lowers ozone synthesis, even at the low
concentrations of ozone attained.

Honigschmid, then unmarried, was my closest asso-
ciate. He had worked a year as post-Ph.D. graduate
under Theodore Richards at Harvard where he studied
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