IOWA STATE COLLEGE

JOURNAL OF SCIENCE
Published on the first day of October, January, April, and July

EDITORIAL BOARD

EDITOR-IN-CHIEF, Jay W. Woodrow.
AssISTANT

EDITOR, Florence Willey Nichols.

CONSULTING EDITORS: R. E. Buchanan, C. J. Drake, A. H. Fuller, I. E.
Melhus, E. A. Benbrook, P. Mabel Nelson, V. E. Nelson, C. H. Brown.
From Sigma Xi: E. W. Lindstrom, 0. R. Sweeney, B. W. Hammer.

All manuscripts submitted should be addressed to Jay W. Woodrow,
Physics Building, Iowa State College, Ames, Iowa.
All remittances should be addressed to Collegiate Press, Inc., Iowa State
College, Ames, Iowa.
Single Copies: One Doll,ar.• ~uM.SubiacyiptioI\= Three Dollars; in Canada, Three Doller!! ~ci~~nti.:Jive.Gt?,nls}. :i:io~. Three Dollars and

.•-...
..
.·..·:·:.. ...

Fifty Cents.

••
• • : ·: : : :
. ........ ... ... ... ....
.
.... .. ........ .. . .. ..... ...... .:
. .. . ..

~ : • • •

...

•

.-y-r-+-.

•

•

Entered as se~~hd~ttais'i~~r anuari 16,:193ri,
Ames, Iowa, unde'r'tJ;.e·a~t:q{ !-'Iar~~ s:.ts7~ · ·' ·

:r

• •

;t. the

postoffice at

CONTENTS
ABSTRACTS OF DOCTORAL THESES

Effects of tomato juice on production of flavor contributants in butter
cultures. CLEMENT WILFRED ABBOTT ................................................... .
Bacteriological studies on swiss-type cheese from pasteurized milk.
FRED JOHN BABEL ····················································································
Organometallic radicals. JAMES CLYDE BAILIE ........................................
The effect of decomposition on the lignin of plant materials. JOHN
BRUEN BARTLETT ······················································································
Bacterial dissimilation of citric acid. CARL ROBERT BREWER ................
Relationship of Achromobacter putrefaciens to the putrid defect of
butter. THOMAS JOSEPH CLAYDON ..................................................... .
Differentiability and continuity properties of solutions of certain
partial differential equations of applied mathematics. ARTHUR
w. DAVIS ..................................................................................................
Effects of toxic compounds on the gustatory chemoreceptors in certain
diptera. CHRISTIAN CHARLES DEONIER ..............................................
The oxidation of certain polyhydric alcohols by Acetobacter suboxydans. JoHN W. DUNNING ..................................................................... .
Studies on the fermentative activity of yeast zymin. KENNETH G.
DYKSTRA ····································································································
Effect of treated fats on vitamin A potency. HARRY CHAIM DYME ......
Effect of growth of microorganisms on acid numbers of fat in cream
and butter. EVERETT L. FouTs ........................................................... .
The quantitative spectrographic analysis of soils. RALPH ABIJAH
GOODWIN····································································································
Use of functionals in obtaining approximate solutions of linear operational equations. GEORGE LLOYD GROSS ..............................................
Effect of ether on the toxicity of certain fumigants to the confused
flour beetle, Tribolium confusum Duval. HAROLD GUNDERSON ....
Relation of the structure of sugars to the chemism of the butylacetonic fermentation. JAMES F. GUYMON ....................................... .
A classification of the proteolytic micrococci isolated from dairy
products. HORACE H. HARNED ..............................................................
The determination of elastic constants by piezo-electric methods.
PHILLIP JAMES HART················································································
Radiant heat transfer in ceramic kilns. FRANK B. HoDGDON ..................
The accuracy of the plating method for estimating the number of
bacteria, actinomyces and fungi in a laboratory sample of soil.
NORMAN JAMES ....................................................................................... .
Insecticidal action of some substituted pyrrolidines. JusTus G.
KmcHNER ..................................................................................................

3
6
8
11
14

17
20
22
24
27
29
32
35
37
39
40
43 46
48
50 53

Note: Complete copies of these theses may be consulted at the Library, Iowa State
College, Ames, Iowa.
[1]

'""'

2

ABSTRACTS OF DOCTORAL THESES

Relationship between the electron-sharing ability of radicals and the
association of organic compounds. FRANC A. LANDEE ....................
Organometallic compounds of group VIII elements.
MYRL
LICHTENWALTER ............................................................·............................
The conductance of solutions of organosubstituted ammonium
chlorides in liquid hydrogen sulfide. EDGAR ELWYN LINEKEN ......
Reactions of some high-molecular-weight fatty acid derivatives.
MILES R. MCCORKLE ................................................................................
Breakdown potentials of gases under alternating voltages. D. OREN
McCoy ........................................................................................................
Ionization constants and insecticidal action of substituted quinolines
and tetrahydroquinolines. WILBURN. OLDHAM ................................
Finite strain analysis in elastic theory. DoNALD HILL RocK ................
Some studies on swine influenza. I. Comparative study of Hemophilus
influenzae suis and Hemophilus influenzae. II. Antibody response
to experimental swine influenza. CARLOS T. RosENBUSCH ..............
Relation between the free energy of soil water and the moisture content of soil. MORELL B. RussELL ..........................................................
The relation between methods of saccharification and yield of ethanol
from various cereals. LORIN SCHOENE ................... ... .................. ......
The culture of fly larvae for use in maggot therapy. SAMUEL WILLIAM
SIMMONS ····································································································
Effect of quartz filters on the distribution of energy in laue patterns.
DEAN w ALDO STEBBINS ............................................................................
Some factors influencing nitrogen fixation by Azotobacter. JOHN L.
SULLIVAN ....................................................................................................
Some changes produced in growth, reproduction, blood and urine of
rats by salts of zinc with certain observations on the effects of
cadmium and beryllium salts. WILLIAM R. SUTTON ........................
Derivatives of 1-, 4-, 6-, and 9-substituted dibenzofurans. JACK
Sw1sLOWSKY ............................................................................................
Evaluations of consumption in modern thought. ALISON COMISH
THORNE ......................................................................................................
Some anomalous Friedel-Crafts reactions. JosEPH A. V. TURCK, JR.....
Preparation of cholesterilene and various cholestadienes. RALPH
LAWRENCE VAN PEURSEM ........................................................................
Differentiation of the vitamins of the B complex and their distribution in certain foods. WALDO RICHARD WYATT ................................

55
57
60
64
67
69
71
73
76
78
81
84
87
89
92
95
98
101
103

EFFECTS OF TOMATO JUICE ON PRODUCTION OF FLAVOR
CONTRIBUTANTS IN BUTTER CULTURES1
CLEMENT WILFRED ABBOTT

From the Department of Dairy Industry, Iowa State College
Received July 19, 1939

Diacetyl and volatile acids are formed by the citric acid fermenting
streptococci when they ferment citric acid in an acid medium and are
associated with the aroma of fine butter. In addition to diacetyl, acetylmethylcarbinol which is odorless is always formed in a butter culture
and is present in much greater quantities. These two materials are
frequently determined together by steam distilling a portion of the culture, to which ferric chloride has been added, into a sodium acetatehytlroxylamine hydrochloride solution. The distillate is heated to form
dimethylglyoxime. Nickel chloride is added and a red precipitate of
nickel dimethylglyoximate is obtained.
As diacetyl and the associated acetylmethylcarbinol are of primary
importance in the production of butter having a high flavor and aroma,
attempts were made to increase the yield of acetylmethylcarbinol plus
diacetyl by adding various materials to butter cultures containing added
citric acid. The intention was not that these materials should serve as
substrates but rather that they should increase the amount of acetylmethylcarbinol plus diacetyl formed from the citric acid in the culture.
It was found that certain concentrations of tomato juice produced
marked increases in the amounts of acetylmethylcarbinol plus diacetyl
produced by butter cultures. In one series of trials, as little as 1 per cent
of juice increased the yield by 31.1 per cent, 10 per cent of juice doubled
the yield, while the addition of 40 per cent reduced the yield 41.2 per cent
below that of cultures containing no juice.
Tomato juices from different sources showed great differences in
their effects on the yield of acetylmethylcarbinol plus diacetyl by butter
cultures. Some brands were. as potent as juices from fresh tomatoes, but
none exceeded them. Juices from red and from yellow tomatoes appeared to be equally effective.
No relation could be found between specific gravity, salt content, pH,
color after sterilization and the effect of the juice on the yield, but three
brands of juice having relatively high salt contents (between 0.8 and 0.9
per cent) were found to depress the yields below those of cultures containing no tomato juice. The suggestion is made that juice intended for
use in media be assayed against juice from fresh, ripe tomatoes.
When the acetylmethylcarbinol plus diacetyl content of a culture was
determined at frequent intervals, it was found that the initial content was
very low, and remained low for several hours, then the amount present
increased very rapidly and reached a maximum. After this a gradual
reduction in the amounts of these materials occurred. When tomato juice
was added to culture, it was found that the rate of production of acetyl1

Original thesis submitted June, 1939. Doctoral thesis number 521.
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methylcarbinol plus diacetyl was increased considerably. This meant
that the maximum yield was produced sooner than in those cultures to
which no juice was added. The two maxima did not differ significantly, indicating that while tomato juice increased the rate of production of
acetylmethylcarbinol plus diacetyl by a butter culture it did not increase
the maximum amount formed. After the maxima were past, tomato juice
appeared to cause a slightly more rapid decrease in the amount of
acetylmethylcarbinol plus diacetyl present in the culture. The increases
observed in the first experiments were due to the fact that analyses were
made during the period when acetylmethylcarbinol plus diacetyl was
being produced more rapidly in the cultures containing tomato juice than
in the controls.
Different butter cultures varied considerably in their response to the
presence of tomato juice, and the same culture, on two different propagations, showed differences in yield which were practically as great as those
observed between the simultaneous inoculations of two cultures into the
same milk.
When tomato juice was shaken with calcium carbonate the acidity
was reduced considerably but the ability of the juice to increase the yield
was not destroyed. When citric acid was added to cultures to provide
additional substrate, concentrations of 40 per cent of both neutralized
and untreated juices gave lower yields than some other concentrations,
but when sodium citrate was added, 40 per cent of untreated juice increased the yield and 40 per cent of neutralized juice produced a much
less marked decrease than in the cultures containing citric acid.
Attempts to remove citric acid from tomato juice a:;; the calcium or
barium salt were not successful.
The addition of tomato juice did not affect the total acidity produced
by a pure culture of Streptococcus lactis but lowered the pH below that of
a control culture by an amount which remained practically constant
throughout the trial.
When tomato juice was added to a pure culture of a citric acid fermenting Streptococcus it appeared to alter the conditions of fermentation
considerably. The cultures containing tomato juice produced the greatest
yield of acetylmethylcarbinol plus diacetyl, .which was almost twice that
of the control, at a pH of 3.18, while the maximum yield in the control
culture occurred at a pH of 4.01. The influence of tomato juice on the yield
of acetylmethylcarbinol plus diacetyl by butter cultures seems to result
from its action on the citric acid fermenting organisms, and not on S. lactis.
Attempts to dry tomato juice by direct evaporation, or by evaporation
on filter paper or by evaporating a solution of agar in tomato juice were
not successful as the resulting products did not increase the yield. Slow
freezing of juice resulted in a very slight concentration of the active materials in the later portions of the juice to freeze. Whole tomatoes were
sliced and dried in the sun. It was found that when the dried product was
macerated with warm water, the resulting juice was as potent as juice
from fresh tomatoes.
Exposure to heat did not appear to destroy the potency of the juice,
although sterilization reduced the potency to some extent. When the
juice was exposed to air and heated for a long period, the ability to
increase the yield was completely destroyed and the juice frequently
inhibited production to a greater or lesser extent.
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A pulp prepared by forcing tomatoes through a sieve did not increase
the yield any more than the clear juice.
Neither ether nor alcohol extracts of dried tomatoes increased the
yields more than the residue which remained after extraction.
It appears that the increases produced in the yield are not primarily
due to the presence of citric acid in tomato juice and that this substance
can at best have only a very slight effect on the yield.

BACTERIOLOGICAL STUDIES ON SWISS-TYPE CHEESE
FROM PASTEURIZED MILK1
FRED JOHN BABEL

From the Department of Dairy Industry, Iowa State College

Received July 19, 1939

Propionic acid bacteria were found in various cheeses, including
Iowa Swiss-type, domestic Swiss, Cheddar and canned Cheddar. Swisstype cheese having a characteristic sweet flavor generally contained relatively large numbers of propionic acid bacteria, while cheese with a poor
flavor generally contained few or no propionic acid bacteria in 0.1 gram
of cheese. All the samples of domestic Swiss cheese examined, contained
rather large numbers of propionic acid bacteria. About 85 per cent of
the samples of Cheddar cheese (of both good and poor quality) contained
propionic acid bacteria; there was no correlation between the numbers
of these organisms and the quality of the cheese. One sample of canned
Cheddar cheese, which had eyes similar to those in Swiss cheese, contained
a rather large number of propionic acid bacteria. The results suggest that
the fermentation in Swiss-type and domestic Swiss cheese is quite different than in Cheddar cheese.
Eighteen strains of propionic acid organisms (genus Propionibacterium) were used in the manufacture of Swiss-type cheese from pasteurized
milk for the purpose of determining differences between cultures and
with the hope of obtaining a culture that would produce good quality
cheese consistently. Several of the strains were rather consistent in the
type of flavor produced while others were variable. None of the cultures
consistently produced good eye formation.
In most instances, cultures which increased appreciably in number
dt.iring the ripening period produced cheese having considerable sweet
flavor.
Additional trials made with cultures which gave satisfactory results
in the original comparisons indicated that certain cultures rather regularly produced cheese having an excellent or good flavor. The culture
selected as best produced cheese having an excellent or good flavor in
16 of 17 trials.
A comparison of various amounts of propionic acid culture showed
that, by increasing the number of propionic acid bacteria added to the
milk, a corresponding increase was obtained in the degree of sweet flavor
produced. Cheese receiving an inoculation of 100 ml. of culture per 100
pounds of milk were occasionally criticized as being too sweet. With an
inoculation of 25 ml. of culture per 100 pounds of milk, the cheese were
considered to have about the desired sweet flavor. The cheese receiving
an inoculation of 100 ml. of culture per 100 pounds of milk had a tendency
to develop eyes which were a little larger than was desirable, but this
was not true in all cases. Cheese made with an inoculation of 5 ml. of
culture per 100 pounds of milk gave the best eyes in the majority of instances.
'Original thesis submitted June, 1939. Doctoral thesis number 510.
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In several series, the control cheese to which no propionic acid culture was added developed as good a flavor as the cheese made with propionic acid culture. When this was the case, propionic acid bacteria were
found in the cheese in large numbers.
Frequently, the four cheese in a series closely resembled each other
in eye formation although one cheese was a control while the others were
made with propionic acid culture added to the milk. Cheese in which no
propionic acid bacteria could be detected in 0.1 gram sometimes developed
eyes equal to those in cheese made with added propionic acid culture.
These results suggest that organisms in the cheese, other than propionic
acid bacteria, can undoubtedly produce eyes in Swiss-type cheese.
When Swiss-type cheese were not salted until 7 days after manufacture, the cheese contained more eyes and the eyes extended nearer the
surface than when the cheese were salted in the normal way, the day following manufacture. Delayed salting also tended to produce cheese having more sweet flavor. However, the delayed salting tended to cause the
cheese to flatten, which was not the case when the cheese were salted
in the normal manner. Since the cheese used in these experiments were
about 15 pounds in weight, there probably was less flattening than if a
heavier cheese had been made. A 2-day delayed salting period slightly
favored the production of more desirable eyes and the sweet flavor was
somewhat more conspicuous; the cheese also retained their original
shapes better.
Excessive swelling, due to the production of many large eyes, could
be stopped by placing the cheese in a cold room at about 3.3° to 4.4 ° C.
Swiss-type cheese held at about 21.1° to 22.2° C. showed first signs of
swelling in 3 or 4 days while with holding at 10.0° to 12.7° C. the first
signs of swelling were evident in 3 or 4 weeks. Cheese held for a time at
the higher temperature tended to have eyes which were not quite as
smooth as the eyes in the cheese held at the lower curing temperature.
The addition of propionic acid bacteria to pasteurized milk made into
cheese favored the production of a higher volatile acidity and the cheesefat contained more free acids than cheese made from milk to which no
propionic acid bacteria were added.
The pH determinations on Swiss-type cheese aged 3 months indicated
there was no definite correlation between pH and quality. There was
very little difference between the pH values of all the cheese examined.
Although these data are not in agreement with the results of other investigators, it should be noted that only a small amount of acid is developed
in Swiss-type cheese in comparison to that developed in regular Swiss
cheese made in the kettle. The lactose concentration in Swiss-type
cheese is also very low and therefore does not favor extensive lactic
acid fermentation.
Two series of cheese contained large numbers of Escherichia-Aerobacter organisms; they were more objectionable from the standpoint of
eye formation than flavor since the eyes were small and numerous. One
series of cheese contained large numbers of anaerobic spore-forming rods
(genus Clostridium) ; they were more objectionable from the standpoint
of flavor than eye formation.

ORGANOMETALLIC RADICALS1
JAMES CLYDE BAILIE

From the Department of Chemistry, Iowa State College
Received July 19, 1939

The work of Krause and collaborators2 first showed that triaryllead
compounds were readily obtained from the reaction of lead chloride and
arylmagnesium halides. These compounds were shown to dissociate in
solution, and they possessed other properties remindful, to some extent,
of the triarylmethyl radicals.
In the present investigation the following triaryllead compounds are
reported forthe first time: tri-p-methoxyphenyllead (m. p. 198-200°
dee.), tri-o-methoxyphenyllead (m. p. 201° dee.), tri-p-ethoxyphenyllead
(m. p. 178-179° dee.) , tri-o-ethoxyphenyllead (m. p. 170-171° dee.) , tria-naphthyllead (m. p. 268-269° dee.), trimesityllead (m. p. above 325°),
and tri-m-tolyllead (m. p. 109°).
The thermal decomposition of trivalent lead compounds causes deposition of metallic lead and formation of the stable tetravalent lead compound.
4R3Pb ~ 3R4Pb + Pb
The decomposition of a number of trivalent lead compounds has been
carried out in xylene solution and the effect of the radical attached to
lead upon the ease of decomposition has been determined. The following
series of radicals has been obtained, arranged in the order of the decreasing stability of the trivalent lead compounds:
Mesityl, cyclohexyl, a-naphthyl > o-ethoxyphenyl,
o-methoxyphenyl, o-tolyl > p-ethoxyphenyl, pmethoxyphenyl, p-tolyl > m-tolyl, phenyl> ethyl,
methyl.
The reaction of triphenylmethyl with the binary system (Mg+ MgI 2 )
leads to the formation of triphenylmethylmagnesium iodide8 • Treatment
of trivalent lead compounds with the binary mixture caused reaction to
occur, but stable compounds of the type R 3PbMgI were not obtained.
With triphenyllead, tri-p-tolyllead, tri-p-methoxyphenyllead, tri-p-ethoxyphenyllead, and triethyllead, the products obtained were an organomagnesium compound, the tetravalent lead compound, and free lead. With
magnesium iodide in the absence of free magnesium, triphenyllead and
tri-p-tolyllead gave the respective triaryllead iodides. The mechanism
proposed for the reaction of trivalent lead compounds with the binary
system involves the primary reaction with magnesium iodide to produce
the triaryl- (or alkyl) lead iodide, which reacts with free magnesium to
form an unstable compound of the type R 3PbMgI. The latter compound
'Original thesis submitted July, 1938. Doctoral thesis number 482.
•Krause and collaborators, Ber., 52: 2165 (1919); 54: 2060 (1921) ; 55: 888 (1922).
• Gomberg and Bachman, J. Am. Chem. Soc., 49: 236 (1927) ; 52: 2455 (1930) . Gilman
and Fothergill, ibid., 51: 3149 (1929).
[8]

ORGANOMETALLIC RADICALS

9

decomposes to RMgI and R 2Pb, and the unstable divalent lead compound
further decomposes to R 4 Pb and lead.
The highly stable ortho substituted triaryllead compounds did not
r eact with the binary system to produce a Grignard reagent, but the triaryllead iodides were formed. In this manner were obtained tri-o-methoxyphenyllead iodide (m. p. 122-123°) , trimesityllead iodide (m. p. 200201°) , and tricyclohexyllead iodide. Tetraphenyllead and tetra-p-methoxyphenyllead failed to react with the binary system.
From the reaction of tri-p-methoxyphenyllead and iodine in chloroform solution there was obtained tetra-p-methoxyphenyllead, di-p-methoxyphenyllead diiodide (m. p. 122-123°) , and lead iodide. The same reaction with tri-o-methoxyphenyllead gave tri-o-methoxyphenyllead
iodide (m. p. 122-123°), and lead iodide, while tri-p-ethoxyphenyllead
gave tri-p-ethoxyphenyllead iodide (m. p. 99-100°) and lead iodide.
Treatment of triphenyllead in chforoform with dry hydrogen chloride
caused cleavage to diphenyllead dichloride and lead chloride.
The reactions of several trivalent lead compounds and organolead
halides with sodium in liquid ammonia have been carried out. Treatment
of a triaryl- (or alkyl) lead halide with one equivalent of sodium in liquid
ammonia causes removal of sodium halide and the triaryl- (or alkyl) lead
compound is formed. Further addition of another equivalent of sodium
causes the formation of the R 3PbNa compound. The same result may be
attained by treating the R 3Pb compound with one equivalent of sodium.
If the sodium compound is treated with a compound containing a reactive
halogen atom, such as benzyl chloride, the unsymmetrical tetravalent
lead compound results.
R 3 PbNa R'X ~ R 3 PbR' NaX
In this manner have been prepared triphenylbenzyllead, tri-p-tolylbenzyllead (m. p. 81-82°), tri-p-ethoxyphenylbenzyllead (m. p. 76-77°), trio-methoxyphenylbenzyllead (m. p. 80-81°), and tricyclohexylbenzyllead
(dee. 228°). From sodium triphenyllead and benzohydryl chloride was
obtained triphenylbenzohydryllead (m. p. 122°).
Attempts were made to prepare triaryl- and trialkyl- lead hydrides
by ammonolysis of the corresponding sodium compound with ammonium
halide in liquid ammonia solution. The products isolated and the color
changes observed indicated that the hydrides were formed initially and
decomposed as follows:
R 3 PbH ~ R 2Pb RH
3R2Pb ~ 2R3 Pb Pb
The reaction between triphenyllead chloride, bromide, or iodide and
triphenylmethylmagnesium chloride resulted in the formation of a lemonyellow, crystalline compound (m. p. 196-197° dee.), which is probably
triphenyltriphenylmethyllead. Molecular weight determinations made
by measuring the freezing point depression of dilute benzene solutions
gave values which indicated that appreciable dissociation occurred within
the molecule. In benzene solution oxi~ation took place slowly with the
formation of triphenylmethylperoxide and triphenyllead, while thermal
decomposition in xylene solution caused the deposition of free lead and
formation of tetraphenyllead. The reactions with hydrogen chloride and
iodine were inconclusive, but demonstrated the sensitivity of the compound toward those reagents. With dry hydrogen chloride in chloroform
solution, the products were lead chloride and triphenylcarbinol, and in

+

+

+
+
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petroleum ether (b. p. 60-66°) diphenyllead dichloride was obtained.
Iodine in chloroform solution caused immediate precipitation of lead
iodide and the only other product isolated in the pure state was a trace of
triphenyllead iodide.
The reaction with sodium in liquid ammonia resulted in the formation
of the sodium derivatives of triphenylmethyl and triphenyllead, which, on
ammonolysis with ammonium bromide, gave triphenylmethane and triphenyllead. When benzyl chloride was used in place of ammonium bromide, the products were 1, 1, 1, 2-tetraphenylethane and triphenylbenzyllead.
The observations made on the compound indicate that the bond between the tertiary carbon atom and the lead atom is very weak, and possibly dissociation to triphenylmethyl and triphenyllead occurs. However,
attempts to prepare the compound by mixing equimolecular quantities of
triphenylmethyl and triphenyllead have met so far with no success.
The corresponding compound of tin, triphenyltriphenylmethyltin,
was prepared from triphenyltin chloride and triphenylmethylmagnesium
chloride. It is a colorless, crystalline compound, m. p. 272-273° dee., and
molecular weight measurements made cryoscopically in benzene gave
values which indicated that dissociation did not occur. The reaction with
sodium in liquid ammonia with subsequent ammonolysis gave triphenylmethane and triphenyltin. The greater stability of the carbon-tin bond
over the carbon-lead bond was demonstrated by the comparatively slow
cleavage of triphenyltriphenylmethyltin with hydrogen chloride, in which
a phenyl group was removed and diphenyltriphenylmethyltin chloride (m.
p. 210°) was formed.
The reaction between tri-o-methoxyphenyllead iodide and triphenylmethylmagnesium chloride resulted in the formation of the yellow crystalline tri-o-methoxyphenyltriphenylmethyllead (m. p. 145-146°).
When a benzene-ether solution of triphenylmethylmagnesium chloride was treated with lead chloride, free lead was deposited, and triphenylmethyl (identified as the peroxide) was formed.
It has been found that the addition of one equivalent of iodine to a
chloroform solution of tetraphenyllead gives excellent yields of triphenyllead iodide.
Tri-m-tolyllead bromide (m. p. 146-147°) was prepared by the reaction of bromine on tetra-m-tolyllead in pyridine solution at low temperatures.
The following new tetraaryllead compounds have been prepared by
thermolysis of the corresponding triaryl compounds: tetra-m-tolyllead
(m. p. 122-123°); tetra-p-methoxyphenyllead (m. p. 145-146°); tetra-pethoxyphenyllead (m. p. 110°); tetra-o-methoxyphenyllead (m. p. 1481490); tetra-o-ethoxyphenyllead (m. p. 219-220°).

THE EFFECT OF DECOMPOSITION OF THE LIGNIN OF PLANT
MATERIALS1
JOHN BRUEN BARTLETT

From th€ Soils Department, Iowa State College
Received July 19, 1939

The decomposition of organic matter is a complex process and presents innumerable problems. One of the most perplexing of these is the
question of lignin decomposition. The fact that lignin decomposes so much
more slowly than the other constituents of plant materials means that
there is a relative accumulation of lignin in the soil with the result that
this complex usually forms from 30 to 40 per cent of soil organic matter.
This led some of the earlier workers to the belief that lignin does not decompose. More recent work has definitely shown that this assumption was
false. In fact it is obvious that if lignin did not decompose it would soon
accumulate in soils to such an extent as to be readily recognizable by
chemical means.
One of the major difficulties in studying lignin decomposition is the
fact that its constitution is unknown. The various workers are not even
in general agreement as to either its constituent groupings or the degree
of complexity of the molecule.
The fact that the properties of organic materials undergo marked
changes upon decomposition in the soil, coupled with the fact that lignin
is such an important constituent of the decomposed residues suggests that
the properties and chemical structure of lignin may also change appreciably during decomposition. If changes in the lignin of plant material
do occur as rotting proceeds it may well be that they will account for an
appreciable portion of the changes in the properties of the total material.
The general objective of this investigation was to determine the nature
and extent of some of the changes which decomposition may bring about
in lignin and also whether such changes as may be measured actually
produce corresponding changes in the rotted residues.
Although it is well known that no method of lignin isolation will
give a product identical with the original lignin in the plant tissue, the
assumption was made in this work that any changes measured in lignin
isolated by the same method from all the materials studied would give a
relative measure of changes in the lignin of the original plant tissue. Since
it was known that the nitrogenous material synthesized by microorganisms during decomposition considerably affects the purity of lignin prepared from rotted residues by the majority of the methods of isolation,
the first problem encountered was the choice of a procedure in which this
disturbance could be minimized. In the case of the strong mineral acid
methods dilute acid pretreatment has been found to considerably reduce
the protein content of most materials and thereby eliminate to some extent the nitrogenous impurities of the lignins prepared by these methods.
In the case of the alkaline extraction methods the protein disturbance is
1

Original thesis submitted July, 1938. Doctoral thesis number 479.
[11]
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even more difficult to eliminate, so that none of this group of methods
was considered sutable for these studies. Many hydroxy compounds,
such as alcohols, glycols, phenols, etc., in the presence of a catalyst, form
soluble derivatives of lignin, but even on prolonged treatment or repeated
treatments the yields obtained by most of these methods of preparation
are poor. Certain organic acids have recently been shown to condense
with lignin to give good yields of soluble products. In this work the lignin
prepared by one of these, the thioglycollic acid method, was compared
with the lignin obtained from the same materials by the 72 per cent sulphuric acid method. It was found that the nitrogen content of the thioglycollic preparations was not sufficiently lower than that of the sulphuric
acid lignins to justify the adoption of this procedure. In view of the fact
that more is known of the nature and extent of the errors involved in
the mineral acid methods and the means which may be employed in
overcoming them, one of these methods, the sulphuric acid procedure, was
finally adopted in this work. This method was chosen in preference to the
43 per cent hydrochloric acid method because the latter offers no known
advantage and is much less pleasant to use.
In this work cornstalks, rye straw, oat straw, and wheat straw were
decomposed aerobically for periods of three and six months. Sulphuric
acid lignin was isolated from both the rotted residues and the original
materials. The base exchange capacities of the plant materials and the
lignin preparations were determined by an ammonium acetate distillation method and by a barium acetate titration method. Since the former
of these two methods gave much lower values, at least partially attributable to the solution effect of the ammonium acetate, it was concluded
that the barium method gave a more reliable measurement of the replacement capacity. The change in the sorption capacity of the plant materials
with decomposition, calculated upon the basis of unit weight of original
material, and the contribution of the lignin to the total exchange capacity
of the residues and the original materials were determined. The role
played by the ash content of the lignin in the base sorption capacity was
investigated. Finally the methoxyl content of the lignin preparations and
their reactivity to alkaline oxidation with sodium hypoiodite were measured. The results obtained in these studies may be summarized as follows:
1. Approximately one-third of the lignin in the four plant materials
and about two-thirds of the materials themselves were removed in six
months.
2. The exchange capacity of the ash-free lignins from the rotted residues was three or four times as great as that of those from the original
materials, but the sorption capacities of the residues and the parent materials did not differ greatly, when both were calculated on the basis of unit
weight of original material.
3. A major share of the replacement capacity of the rotted residues
was due to their lignin content, but in the parent materials only a small
share of the sorption capacity could be attributed to lignin.
4. The sorption activity of the ash content of the lignin preparations
was found to be negligible.
5. The fact that the greatly increased sorption capacity of the lignin
with decomposition was not accompanied by much change in the replacement capacity of the plant materials can in all probability be attributed
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to a simultaneous removal of non-lignious material possessing base exchange properties.
6. A loss of from 27 to 40 per cent of the methoxyl groups of the isolated lignins occurred during six mothns' decomposition.
7. The reactivity of lignin to alkaline oxidation with sodium hypoiodite was not much changed by decomposition.

BACTERIAL DISSIMILATION OF CITRIC ACID1
CARL ROBERT BREWER

From the Department of Bacteriology, Iowa State College
Received July 19, 1939

The dissimilation of citric acid by bacteria of the coli-aerogenes
group and citrate-fermenting streptococci as influenced by environmental factors was investigated. The ability of these organisms to attack
citric acid has been noted by many workers but no adequate physiological
study of their metabolic activities on citric acid has appeared.
The two groups of bacteria were found to attack citric acid in distinctly unlike manner. Generic differences were noted among the citratefermenting members of the coli-aerogenes group.
It was found that all of the bacteria studied dissimilate citric acid by
reactions which are unlike those postulated for the oxidation of citric
acid by animal cells (Martius, 1938; Krebs and Johnson, 1937).
The dissimilation of citric acid by coli-aerogenes bacteria is essentially a degradation to simpler organic acids. The products formed in
greatest abundance are acetic, formic and succinic acids and carbon dioxide. In the presence of oxygen, the acidic products of the fermentation
of citrate are oxidized mostly to carbon dioxide and water with a simultaneous assimilation of a part of the substrates to complex, carbohydratelike materials.
The two citrate-fermenting genera of the coli-aerogenes group,
Aerobacter and Citrobacter are unlike in their attack on citrate. Aerobacter forms larger quantities of acetic acid and carbon dioxide and
smaller quantities of succinic acid than Citrobacter. Aerobacter also produces small amounts of ethyl alcohol, acetylmethylcarbinol, 2,3-butylene
glycol and lactic acid from citrate, none of which has been found in the
fermentation of citric acid by Citrobacter. Varying quantities of formic
acid were formed from citrate by Aerobacter but no formate was found
in the fermentations of citrate by Citrobacter. Approximately one-half
of the carbon of citric acid is converted to succinic acid by Citrobacter.
No conclusive evidence for the accumulation and subsequent decomposition of any metabolite was obtained. The products of citrate fermentation by Aerobacter are formed in the same ratio throughout the process. Some evidence with Citrobacter that the ratio of succinic acid
to acetic acid decreases with time was obtained. The decrease was not
great.
Aerobacter indologenes ferments citric, oxaloacetic, l-malic, fumaric,
pyruvic and formic acids but not aconitic citraconic, itaconic, a-OH-isobutyric, tricarballylic, succinic and acetic acids. Under aerobic conditions
the fermentable acids are oxidized. Succinic and acetic acids are also
dissimilated aerobically. Aconitic acid is slowly oxidized after an induction period during which it may add water enzymically to form citric acid.
The oxidation of citric acid by coli-aerogenes bacteria follows the
1
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normal anaerobic dissimilation of citrate, which may take place in an intensely aerated medium. Hydrogen gas is produced by Aerobacter indologenes during the oxidation of citrate and that of succinate or acetate.
Citrobacter did not form hydrogen aerobically but did oxidize citric acid
more rapidly and completely than did Aerobacter. The assimilation of
carbohydrate-like compounds during citrate oxidation by coli-aerogenes
bacteria is inhibited by appropriate concentration of sodium azide (Clifton and Logan, 1939).
The anaerobic dissimilation of citric acid by Aerobacter indologenes
was completely inhibited by low concentrations of arsenite, bisulfite and
monoiodoacetate. Sodium fluoride partially inhibited the fermentation.
Malonate stimulated gas production from citrate and, to an even greater
degree, from malate and fumarate. Arsenite and monoiodoacetate totally
inhibited aerobic citrate dissimilation but fluoride and pyrophosphate had
only a slight effect. The respiration was partly inhibited by cyanide.
Evidence for the conversion of citric acid through oxaloacetic and
pyruvic acids was presented. The two keto acids are rapidly dissimilated
to the normal products of citrate decomposition by coli-aerogenes bacteria.
Neither of the postulated acids was isolated and identified.
The differences in the products formed by Aerobacter indologenes
from citrate and from glucose may be explained by two facts. First, the
relative states of oxidation of the substrates are unlike. Secondly, (and
probably more important) the enzymic action on the proposed intermediate compounds of Aerobacter grown in the two substrates shows that the
relative concentrations of the enzymes concerned are 'determined by the
natures of the growth substrates. Aerobacter grown in glucose converts
pyruvate to relatively large quantities of 2,3-butylene glycol and small
quantities of succinic acid (similar to a normal fermentation of glucose.
Cells grown in citrate convert pyruvate to relatively large quantities of
succinic acid and small quantities of glycol (similar to the fermentation
of citrate).
It is postulated that coli-aerogenes bacteria ferment citric acid by
first cleaving it to acetic and oxaloacetic acids. The latter may form succinic acid upon reduction or may be decarboxylated to pyruvic acid. Pyruvate has been shown by previous investigators to give rise to the remainder of the products found.
This scheme of dissimilation requires modification to fit the experimental facts obtained with Citrobacter. To account for the large yields
of succinic acid, it is necessary to postulate that a part of this acid is
formed by the condensation of acetic acid. No conclusive evidence for
such a reaction in bacterial physiology has yet been published.
Streptococcus paracitrovorus does not readily dissimilate citric acid
in the absence of sugar but does attack citric acid relatively vigorously
in the presence of small quantities of glucose or lactose. The effect of
glucose and lactose in initiating the dissimilation of citric acid is catalytic.
The sugars which act catalytically are themselves fermented to approximately equimolar quantities of carbon dioxide, ethyl alcohol and
lactic acid. The dissimilation of a combined substrate of citrate and glucose forms, in addition, acetic acid, acetylmethylcarbinol, 2,3-butylene
glycol and under certain conditions, pyruvic acid which acts as an intermediate compound. The fermentation of a relatively small quantity of
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glucose in a combined substrate may permit the decomposition of a several-fold quantity of citric acid.
Pyruvate is dissimilated by S. paracitrovorus to products similar to
those formed from a combined substrate of citrate and glucose.
The dissimilation of citric acid and glucose by the citrate-fermenting
streptococci is essentially an anaerobic process; little oxygen is consumed
in aerobic experiments. Arsenite, which inhibits the dissimilation of citric
acid by coli-aerogenes bacteria and animal cells, has no effect on the fermentation of citrate by S. paracitrovorus.
The addition of several common biological hydrogen donators and acceptors to suspensions of S. paracitrovrus in citrate, failed to stimulate the
dissimilation of citric acid in a manner comparable to the action of glucose or lactose. It thus appears that the catalytic activity of these sugars
in the fermentation of citrate is not entirely due to the transfer of hydrogen.
Since milk contains lactose, it is probable that the fermentation of the
citric acid of milk is catalyzed in a manner similar to that demonstrated.
The study of the metabolism of butter culture bacteria should thus include the sugar of milk as well as citric acid.
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The putrid type of cheesiness ill butter is a common defect that is encountered in the main butter producing countries. It is characterized by
a marked odor suggestive of limburger cheese. While opinions differ regarding the cause of the defect, it is generally accepted as being of bacterial origin. Derby and Hammer (2) isolated an organism from putrid
butter which they named Achromobacter putrefaciens. It was capable of
producing a typical putrid defect in butter. Cullity and Griffin (1) reported that Ach. putrefaciens had been isolated from putrid butter and
from water supplies of some butter plants in Australia. Recent work in
western Canada (4) indicates that the organism has been obtained from
surface taint butter and from creamery water supplies.
Commercial putrid butter was plated on beef infusion agar. Colonies
obtained from the plates were cultured in litmus milk, inoculated into
thoroughly pasteurized cream and the cream churned. Samples of the
resulting butter were held at 21° and 5° C. and examined frequently for
the development of the putrid defect. The results indicated that the predominating organisms on beef infusion agar plates poured with the commercial butter were not responsible for the defect.
Since it has been shown by Long and Hammer (3) that the Burri
smear technic demonstrates types of organisms in butter that are not made
evident by the usual plating procedure; a modification of the method was
used in examining the defective samples. Plates were poured with beef
infusion agar containing skim milk and fat emulsion. They were allowed
to solidify, marked into sectors and smeared with tiny portions (about
1/20,000 gram) of the defective butter. During incubation of the smeared
plates examinations were made frequently for the appearance of various
types of colonies. By means of the technic and certain enrichment procedures, Ach. putrefaciens was obtained from various samples of putrid
butter. With few exceptions it was the only organism obtained that was
capable of reproducing the typical defect. It was nearly always obtained
in small numbers.
The isolation of Ach. putrefaciens was facilitated by inoculating the
original butter into thoroughly pasteurized cream, churning the cream
and smearing portions of the resulting butter on agar after the defect had
developed. Inoculation of defective experimental butter into cream for
the production of second or third generation samples occasionally resulted
in the isolation of the organism when it had not been obtained previously.
Incubation of the inoculated cream, the experimental butter and the
smeared plates at 5° to 10° C., rather than at 21° C., further facilitated
the isolation.
1
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Of 58 commercial butter samples having the typical putrid defect, 41
(70.7 per cent) yielded Ach. putrefaciens and 6 (10.3 per cent) yielded
an apparent variant of the organism. Three (5.2 per cent) yielded other
types of organisms capable of producing objectionable odors in butter,
which were not typical of the putrid defect. From 8 (13.8 per cent), the
causative organism could not be isolated.
The age of the butter seemed to bear a relationship to the ease with
which Ach. putrefaciens was isolated since fresh samples yielded the organism more readily than older samples. Possibly, this was due to the fact
that in the older samples the organism had died before the examination
was begun. In experimental butter Ach. putrefaciens decreased in numbers as the butter aged and became increasingly difficult to regain. The
fact that Ach. putrefaciens, although growing abundantly when once
established, does not readily initiate growth on artificial media may also
account for the failure to isolate the organism more consistently from
putrid butter.
Ach. putrefaciens was isolated from the water supply of a plant having
difficulty with the putrid defect. Its presence in water indicates one of the
probable sources of the organism and is in agreement with the observations of other workers. Examinations of a number of churns in plants
not encountering the defect failed to yield the organism. While this may
indicate that Ach. putrefaciens is not a common type under normal conditions, the difficulties associated with the isolation of the organism must
be considered in interpreting the results.
When inoculated into pasteurized cream used for churning, Ach. putrefaciens produced a typical putrid defect in unsalted butter at 21 ° and
5° C. The defect developed when the organism was added to the cream in
such small amounts that recovery was difficult. The defect was also produced when Ach. putrefaciens was added to the water used to wash the
butter in such small amounts that it was regained with difficulty. In each
case the defect passed through the same stages that occur in commercial
butter showing the typical defect.
The putrid defect was observed in samples of commercial putrid
butter with pH values varying from 5.8 to 6.8 which indicates that the
defect is not necessarily associated with over-neutralization of the cream.
Ach. putrefaciens was capable of producing the putrid defect in unsalted
butter made from lots of cream adjusted to pH values varying from 5.2 to
7.8; no defect developed when the pH of the cream was 4.2.
While salt tended to inhibit the development of the defect produced
by Ach. putrefaciens, it was not entirely effective unless the butter was
thoroughly worked. Five per cent butter culture added to the cream had
an inhibitory effect on the production of the putrid defect in unsalted
butter. However, the use of butter culture is not a completely effective
control measure under all conditions since some of the commercial putrid
butter was made from cream containing butter culture.
Because of its characteristics, its action in experimental butter, and
its presence in various lots of commercial putrid butter, Ach. putrefaciens
is considered an important cause of the putrid type of cheesiness in butter.
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In 1914 Erhard Schmidt2 published a paper in which, with the aid of
certain simple hypotheses, he obtained by elementary methods the breaks
in the Newtonian potentials. The purpose of this investigation is to use
the methods developed by Schmidt to study the continuity properties
and to obtain the breaks in the derivatives of the volume and surface
integrals of a generalized potential function H/ r.
The generalized potential function is defined to be a particular solution of the homogeneous linear partial differential equation of the second
order. His a function of x1 - ~i, x2 - ~2, xs - ~s, where x1, x2, x 3 are the
variables of integration and ~ 1 , ; 2 , ; 3 are the coordinates of the point P at
which the potential is desired; r is the distance from P to the element of
integration. This form of H necessarily restricts the differential equation
to one with constant coefficients.
With the aid of Stokes' theorem and generalized Green's theorems
for three dimensions, it is possible to obtain three equations involving
the integrals defining the generalized potential of a volume, simple surface and double surface distribution. The continuity properties and the
breaks in the derivatives of the generalized potentials are obtained from
these three equations.
The assumption is made that a piece b, in the neighborhood of the
point P, may be cut from the surface such that by proper choice of a
rectangular coordinate system this piece may be represented by an equation of the form x 3 = F (x1 , x 2 ). With this condition the following three
theorems are proven by mathematical induction.
Theorem I. If F and H are of class Ck and the density is of class Ck-1
then the generalized potential of a volume distribution and its partial derivatives up to and including the (k) th order are continuous both inside
and outside of the body and have continuous limiting values on both sides
of the surface.
Theorem II. If F and H are of class Ck+l and the surface distribution
is of class Ck then the generalized potential of a simple surface distribution and its partial derivatives up to and including the (k) th order have
continuous limiting values on both sides of the surface.
Theorem III. If H is of class Ck+ 2 and F and the surface distribution
are of class Ck+l then the generalized potential of a double surface distribution and its partial derivatives up to and including the (k) th order
have continuous limiting values on both sides of the surface.
Original thesis submitted July, 1939. Doctoral thesis number 531.
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When the functions contained in the generalized potential integrals
satisfy certain differentiability and continuity conditions, it is shown that
the breaks in the (n 1) st order derivatives of these generalized potentials are given by recursion. For example, the breaks in the (n 1) st
order derivatives of the generalized volume potential are obtained from
the breaks in the (n) th order derivatives of the generalized potential of
a volume and a simple surface distribution. Similar relationships are
shown to exist for the breaks in the (n 1) st order derivatives of the
generalized potentials of a simple surface and a double surface distribution.
The theory has been applied to the following two partial differential
equations and the breaks in the generalized potentials and their first and
second order derivatives have been found.
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EFFECTS OF TOXIC COMPOUNDS ON THE GUSTATORY
CHEMORECEPTORS IN CERTAIN DIPTERA1
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A study is made of the gustatory chemoreceptors in certain Diptera.
The tarsal chemoreceptors of houseflies, Musca domestica L., were tested
with 1 molar sucrose solutions. The solutions were offered the flies: 1)
with a brush, both with and without the added mechanical stimulus of
a needle;) in a small glass dish, where a screen wire served as a mechanical stimulus. Both water-satiated and unsatiated flies were tested. Responses of an olfactory nature were not found. Responses of a gustatory
nature were initiated when the chemoreceptors of the tarsi came in contact with the solutions. Houseflies were found to be sensitive to very
small amounts of sucrose solution.
It was found that these tarsal chemoreceptors enable the housefly to
select discriminately the substances that will be touched by the proboscis.
An experimental procedure is presented for determining the repellent
effects of toxic compounds on the gustatory chemroeceptors. Positive
proboscis responses were stimulated when the chemoreceptors on the
tarsi came in contact with a sucrose solution. The repellence of various
toxic compounds was determined by a comparison of the responses,
initiated by the experimental solutions, with the normal positive responses
initiated by a 1 molar sucrose solution.
In the housefly, the chemoreceptors of the proboscis were found to
be more senstive to certain compounds than were the chemoreceptors
on the tarsi. A solution which was not repellent to the tarsal chemoreceptors might be definitely repellent to the chemoreceptors on the proboscis.
Compounds that were repellent to the proboscis caused the flies to instantly withdraw their mouth parts from a solution, even though the tarsal chemoreceptors had initiated a positive response. Whether a fly
would or would not ingest a solution was also determined.
Concentrations of the following compounds (g./100 cc.) in 1 molar
sucrose solutions were not repellent, and did not materially inhibit feeding: sodium fluoride at 3.5 grams, sodium fluosilicate at 0.5 gram, arsenious acid at 1.84 grams, potassium fluoride at 10.0 grams, potassium iodate
at 10.0 grams, and sodium iodate at 9.0 grams.
Definite repellence to the tarsal chemoreceptors was shown by the
remaining compounds tested at and above the following concentrations
(g./100 cc.) in 1 molar sucrose: mercuric chloride at 0.5 grams, arsenic
acid at 0.25 gram, barium chloride at 2.5 grams, potassium salicylate at
about 10.0 grams, ammonium iodide at 5.0 grams, sodium iodide at 7.5
grams, and ammonium iodate at 2.0 grams.
Strong concentrations of mercuric chloride had a definite inhibitory
effect on the chemoreceptors of the tarsi. The flies gradually recovered
their normal response after 1 to 5 hours.
1
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Cochliomyia americana C. & P. and Phormia regina Meigen were also
shown to have on their tarsi and mouth parts chemoreceptors which function as gustatory organs. Both species gave high positive responses to
sucrose solutions.
C. americana were found to be repelled more strongly by 1.0 per cent
mercuric chloride in 0.5 molar sucrose than by the same concentration of
poison in 1.0 molar sucrose solution. P. regina were repelled less by mercuric chloride at 48 hours of age than they were at 24 hours of age. The
flies 48 hours of age were not repelled by a 0.25 per cent concentration of
this poison, but the feeding responses were slightly lower. Sex difference
was not an important variable in the blowfly populations studied.
C. americana and P. regina in cage tests were found to distinguish,
by contact with the tarsi, the presence of a toxic compound in sucrose
solution offered as food. The flies were found to die of starvation when
2.0 per cent mercuric chloride was added to the sucrose offered. The results were comparable to those obtained for the responses of mounted
flies. The death rate was greater, and the effects of starvation more rapid
in cage tests conducted during the summer months.

THE OXIDATION OF CERTAIN POLYHYDRIC ALCOHOLS BY
ACETOBACTER SUBOXYDANS1
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Received July 19, 1939

Even in the presence of the astounding advances in the field of organic
synthesis which have been made in the past decades, there still remain
compounds more readily prepared by the transformations brought about
by microbiological catalysts. When it is desired to carry out such a
chemical transformation by the use of bacterial enzymes, three factors
are of prime importance. In the first place, the proper substrate compound
must be selected; secondly, the appropriate organism must be found; and
thirdly, the optimum conditions under which the best yields are obtained
must be determined.
The experiments of this thesis, developed with the above factors in
mind, were inaugurated because of the interest of i-inositol in regards to
yeast growth stimulants. However, the pecularities of the fermentation
of i-inositol by Acetobacter suboxydans seemed to warrant more detailed
study. It was also seen that, if a suitable means were found for the oxidation of i-inositol by Acetobacter suboxydans, fermentations of related
polyhydric-cyclohexanols could possibly be carried out.
METHODS

The culture of Acetobacter suboxydans used in the experiments for
this thesis was obtained from the American Type Culture Collection and
is listed as No. 621. The stock cultures were carried on sorbitol-yeast
extract agar slants. This stock culture was transferred and subcultured
in two different media, one consisting of 10 per cent sorbitol and 0.5 per
cent yeast extract and the other of 3 per cent inositol, 0.05 per cent sorbitol, and 0.5 per cent yeast extract.
The course of the conversion of the i-inositol into the reducing fermentation product was followed by use of the Shaffer-Hartmann method.
During the preliminary experiments, since the glucose factor for the reducing compound was not known, the factor for sorbose (1.25) was used
in order that comparative values for the fermentation compound could
be calculated. After the fermentation compound had been separated and
recrystallized several times, varying quantities were titrated by the
Shaffer-Hartmann method to obtain the glucose factor. The facor obtained was 3.18. The use of this figure, however, gave percentage conversion values which were too high. That ts, the amount of fermentation
compound produced, calculated by the use of this factor, equalled 120
per cent of the amount of inositol initially in the medium. Since this glucose factor is too high and since a satisfactory explanation has not yet
been deduced, all the data concerning yields of the inositol fermentation
product have been calculated as sorbose.
1
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EXPERIMENTAL

A. Investigation of the Growth Factor in the Fermentation of i-inositol
By subculturing A. suboxydans on an inositol-yeast extract medium,
it was found that the medium would not support growth of the organism.
The presence of a small amount of sorbitol in the medium, however, as
supplementary substrate made possible the oxidation of the inositol by
the organism.
Varying amounts of sorbitol were added to 3 per cent inositol-0.5 per
cent yeast extract medium. These media were sterilized, inoculated with
centrifuged and washed A. suboxydans cells, and incubated at 30° C. It
was found that the optimum concentration of sorbitol in the inositol-yeast
extract medium for oxidation of the inositol was 0.1 to 0.05 per cent. The
minimum concentration of the sorbitol was 0.025 per cent.
A medium containing 3 per cent inositol, 0.05 per cent sorbitol, and
0.5 per cent yeast extract was found to support growth of A. suboxydans
even after subculturing the organism every twenty-four hours in this medium over a period of fourteen months. Since a culture of the organism
in this medium, when transferred to inositol-yeast extract medium, failed
to grow in or to oxidize the inositol in this latter medium, the A. suboxydans cultured in a solution containing 3 per cent inositol, 0.05 per cent
sorbitol, and 0.5 per cent yeast extract was used as inoculum for subsequent experiments.
B. Development of Optimum Cultural Conditions
The effects of varying surface-volume ratios, incubation temperatures,
hydrogen ion concentrations, salt concentrations, and inositol concentrations were studied. The optimum surface-volume ratio was 1.15. The
optimum temperature was 28° C. The optimum pH of the medium was
5.1 to 6.8. The presence of primary potassium phosphate retarded the
initial rate of the fermentation, but did not lower the final yield of the
fermentation product. The presence of 0.01 to 0.3 per cent sodium chloride
decreased both the rate of fermentation and the yield of the fermentation
product. The rate of reaction and the final yield of the reaction product
were direct functions of the amount of yeast extract present in the medium and inverse functions of the concentration of inositol.

C. Characteristics of the Growth Factor
The relative stimulating effect of reagent sorbitol and the residual
sorbitol in a sorbitol-yeast extract medium which had been fermented by
A. suboxydans was ascertained. This was accomplished by diluting this
culture, after centrifuging out the bacteria, with sterile water to give
solutions of definite sorbitol concentrations. Portions of these sterile solutions were then added to inositol-yeast extract medium to give specific
sorbitol concentrations which were the same as the reagent sorbitol concentrations in previously prepared inositol-sorbitol-yeast extract media.
In equal concentrations, the sorbitol from the two sources produced the
same effect. Therefore, no material was produced in the fermentation of
sorbitol by A. suboxydans which acted as a growth factor or a stimulant
for the oxidation of inositol by the organism.
The nutritive factor which is necessary in the inositol-yeast extract
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medium for oxidation of the inositol by the organism was extracted from
an evaporated culture of A. suboxydans grown on sorbitol-yeast extract
medium by alcohol, but not by acetone or ether. This nutritive factor
was not precipitated from a water solution by mercuric acetate. It was
stable at twenty pounds steam pressure.
Erythritol, glycerol, glucose, and mannitol are as effective as sorbitol
as the supplementary substrate in the inositol-yeast extract medium. Ascorbic acid, ethanol, glycine, and the calcium salts of acetic, fumaric, glutaric, and succinic acids may not be substituted for sorbitol in this medium.

D. Effect of Sorbitol on the Fermentation of Other Sugars
and Sugar Alcohols
The presence of sorbitol in erythritol, glycerol, and mannitol media
does not greatly affect the optimum concentrations of these substrates in
regards to the activity of A. suboxydans. The presence of sorbitol does
not enable A. suboxydans to ferment rhamnose, rhamnitol, or dulcitol.

E. Separation and Chemical Characteristics of the i-inositol
Fermentation Product
The inositol fermentation product was separated from the culture
medium by treating the medium with lead acetate, filtering, removing
the excess lead as the sulfiide, and then distilling the filtrate so obtained in vacuo to crystallization.
The evidence from the analysis of the dinitrophenylhydrazone and
the acetyl derivative, from the molecular weight determination, and from
the alkaline iodine absorption indicate the inositol fermentation product
to be a di-keto-inositol.
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The data presented in the thesis represent an extension of the work
of Stavely, Fulmer and Christensen (1935) on the effect of certain salts,
and of ethanol, upon the fermentative activity of yeast zymin. The salts
studied in detail are ammonium chloride and magnesium sulphate, which
the above authors found to have special properties toward zymin. The
following is a summary of the principle findings during the present research.
Ammonium chloride and magnesium sulphate accelerate the fermentative activity of maceration extract of yeast in a manner entirely analogous to their effects upon yeast zymin. The maceration extract was prepared in the usual manner by macerating a quantity of dried yeast with
water at 25° C. The filtration or centrifugation of this yielded a clear
extract which was used in the above mentioned experiment. These results show that the salt effect does not involve the cell wall, but the action
is upon the enzyme system in the cell.
The zymins used in the experimental work were normally prepared
by desiccating fresh yeast with two successive treatments of acetone for
ten and two minutes respectively and finally removing most of the acetone
by a single treatment with ether. The zymin was then dried at 45° C. for
24 hours. Certain variations in this procedure were tried, and it was
found that vacuum drying at room temperatures produced a product
greater in activity than that dried at 45° C. Similarly, a shorter period
of contact with acetone did not cause improper desiccation but did increase
the zymin activity somewhat.
The zymins prepared by the above method from yeasts from various
sources were found to exhibit considerable variation, not only in fermentative activity but also in response to ammonium chloride and magnesium
sulphate. When fresh yeast was stored at 5° C. the zymin prepared
therefrom varied widely with the time of storage. Moreover, this phenomenon varied with the yeast employed. By taking advantage of the above
facts, zymins of various degrees of activity were prepared from the same
yeast or from different yeasts. There was a distinct correlation between
the activity of zymin, the degree of stimulation by ammonium chloride
and the optimum concentration of the salt; the lower the activity of the
zymin the greater the stimulation and the higher the optimum concentration of the salt. The effect of magnesium sulphate is practically independent of the activity of the zymin.
Similar to ammonium chloride, a series of mono-, di-, and tri-methylammoniumchlorides caused a stimulation of zymin in a manner analogous
to the inorganic salt. However, as the number of methyl groups were increased, the stimulation became less pronounced. The order of stimulation was as follows: NH4 + > CHa NHa+ > (CHa) 2 NH2 > (CHs) a NH+.
1
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A mixture of a zymin of low activity with a highly active zymin gives
a resultant rate .of fermentation which is higher than would be expected
on an additive basis. When a yeast, which normally gives a zymin of low
activity, is washed with water, the zymin prepared therefrom shows an
increased fermentative ability. A similar treatment of a low activity zymin very considerably increases its activity. The above facts point definitely to an inhibiting factor present in the fresh yeast which is carried
over in the preparation of the zymin. The procedure for the separation of
the inhibitor is as follows: a suspension of 25 grams of zymin in 75 cubic
centimeters of tap water; this treatment removed the coenzyme the inhibitor being non-dialyzable. Filtration or centrifugation of the non-dialyzable material resulted in a clear solution which markedly inhibited the
fermentative activity of a highly active zymin. The inhibitor was destroyed by heating for ten minutes at 70° C. or by standing for five minutes
at room temperature at a pH of 10. The inhibitor appears to be identical
in the above properties with a factor found in live yeast by Euler (1935).
Solutions of the inhibitor from zymins ranging from low to high
activity showed a good correlation between the amount of inhibitor and
the activity of the zymin. The addition of small amounts of ammonium
chloride tends to nullify the action of the inhibitor. The above facts indicate that the degree of stimulation of various zymins by the above salt
is associated with its effect upon the inhibitory substance present in the
zymin.
Studies on the effect of ammnoium chloride and magnesium sulphate
upon the fermentation of certain intermediate products of alcoholic fermentation, showed that both salts stimulate only the reaction in which the
dextrose is esterified with phosphate. Ammonium chloride not only
stimulates the normal fermentation but also exerts a protective action
against the toxic effect of ethyl alcohol.
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Since the destruction of vitamin A is of paramount concern in evaluating diets and in formulating healthy regimens, it was deemed advisable
to investigate the stability of this fat-soluble vitamin in different sources
and its susceptibility to destruction both in the diet and in the animal. Of
particular significance in vitamin assays is the relative importance of such
factors as the actual concentration of the vitamin, the extent of anti- and
pro-oxygenic activity exerted by the vitamin-A-bearing oil and by other
dietary constituents, the effect of storage conditions, and the form in
which the vitamin activity occurs. Increased knowledge of the qualitative and quantitative nature of these factors are necessary for a rigid control of biological experiments.
This investigation was undertaken with the following aims:
1. To determine the effect of various treatments (e. g., heat, aeration,
storage, etc.) upon the ability of fats to decrease the vitamin A activity
of certain foods.
2. To study the role of anti-oxygens in the prevention of vitamin A
inactivation.
3. To investigate the action of finely divided solids upon vitamin A
activity.
4. To examine the chemical and physiological properties of treated
fats, exclusive of their action on vitamin A; and, if such treatment
rendered them toxic, to identify the toxic principle and study its relationship to vitamin A inactivation.
A number of experiments were performed to ascertain to what extent
the destruction of vitamin A activity by heated fats depends upon the
variety of the fat heated, and to what extent this destruction is influenced
by the nature of the vitamin-A-bearing oil. A one-eighth inch layer of the
fat was heated at 102°-105° C. for 24 hours.
It was found that oils belonging to the semi-drying or drying types,
such as Mazola, cod liver oil, and cottonseed oil, upon being heated, inactivated cod liver oil; while heat failed to produce the power to inactivate
cod liver oil in non-drying oils such as lard and butterfat. Most of the
heated fats that were studied inactivated butterfat; one sample of heated
coconut oil failed to do so. In view of the present indication that the
vitamin functions in the body as an ester, it is not improbable that the
vitamin's stability in cod liver oil is attributable to its occurrence as an
ester; such a mode of combination may cause the vitamin to be more resistant to heated fats.
The data indicated that the saturated fatty acids, stearic and palmitic,
and the glycerol portion of a fat were not responsible for the inactivating
potency of heated fats; the unsaturated fatty acids, e. g., oleic, linoleic,
linolenic, etc., were involved in the response of fats to heat. It was also
1
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evident that the susceptibility of an oil to oxidation was dependent upon
its degree of unsaturation, the type of acid responsible for the unsaturation, and the kind and concentration of anti-oxygens in the fat.
Heated Mazola inactivated butterfat even when the ration was kept
at 1° C., but the inactivation was slower than that observed at 24°-30° C.
Although the heated fats contained high concentrations of peroxides, the
inactivating power of the fats was not strictly proportional to their peroxide content.
Different fats were heated (102°-105° C.) for varying lengths of time
and at different depths and tested in feeding experiments. The vitaminA-bearing oil was mixed in the ration, fed separately, or fed in conjunction with the fat under investigation. Butterfat and cod liver oil were
used as sources of vitamin A. The concentration, both of the vitamin-Abearing oil and the fat under examination, was altered and an investigation was made of the quantitative relationship between the two fats, as
measured by the destruction of vitamin A activity and the toxicity of the
heated-fat diets. Fats were autoclaved at 15 pounds for 15 minutes and
then tested for their inactivating properties as well as for their response
to heat. Water was incorporated into rations to discover whether it prevented the destructive action of heated fats.
Autoclaved lard did not inactivate butterfat nor did autoclaving alter
the response of the fat to heat; the autoclaved lard upon being heated
inactivated butterfat, in the same manner as the unautoclaved lard when
subjected to similar heat treatment. The response of fats to heat, i. e., the
inactivating power of heated fats, increased with the surface exposed to
air and with the length of the heat treatment; the rate,at which inactivating ability developed varied with the fat employed. The destruction of
vitamin A activity in heated-fat diets was apparently not brought about
by the heated fat alone; the decomposition products of the vitamin-A-containing oil also participated.
Heated fats appeared to be non-toxic upon ingestion since rats receiving heated-fat diets, but supplied with the vitamin-A-bearing oil
apart from the remainder of the diet, remained alive; the slow growth of
these animals as compared with the animals receiving the corresponding
unheated-fat diets was no doubt the result of a lower food consumption
of the less palatable heated-fat ration. The heated fats did not destroy
vitamin A activity when the vitamin-A-bearing oil was fed separately.
Water did not protect vitamin A activity against the action of heated fats.
The vitamin-A-inactivating power of heated fats was not produced by
heat alone but by the combined action of heat and oxygen; heat acted
mainly to accelerate the action of oxygen.
A number of substances were tested for anti-oxygenic properties
with a variety of fats. Both the concentration of the anti-oxygen and the
severity of the heat treatment were altered. The nature of anti-oxygenic
action, the resistance of this action to increasing heat, and the time at
which the protection operates in relation to the heat treatment were investigated.
Anti-oxygens were found to vary in their efficacy with the fat employed; thymol was an excellent anti-,oxygen with lard but did not possess
anti-oxygenic properties with Mazola or soybean oil. Anti-oxygens protected the induction period but were ineffective if added after the termina-
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tion of this period. Their activity diminished as oxidative conditions were
intensified.
A study was made of the action of finely divided solids, such as
fuller's earth and Norit A, upon butterfat. The solids did not inactivate
butterfat.
Lards from hogs fed different concentrations of soybeans were given
to rats to test the fats for susceptibility to oxidation in the mixed ration.
Soybeans in the diet of hogs, although they increased the iodine number
of the hog fat, did not markedly increase the susceptibility of the lard
to oxidation.
Fats with and without thymol were stored for varying periods and
at different temperatures and then tested in feeding experiments for
their inactivating properties. Most of the stored fats did not inactivate
butterfat; peanut oil, rancidified at room temperature, destroyed the vitamin A activity of butterfat. It was also found that no advantage was to
be obtained by incorporating thymol in concentrations up to one per cent,
when storing lard for 500 days at room temperature (24°-30°C.)
An experiment was conducted to determine the effect of baking upon
the vitamin A content of cookies containing various fats. The results of
this experiment indicated that baking did not inactivate butter in the
cookies; this was true whether the cookies contained butter as the only
fat or butter and some other fat such as lard, Clix, or Crisco.
Mazola and cod liver oil were aerated at room temperature and
tested in feeding experiments for vitamin-A-inactivating power. Neither
of the aerated oils inactivated butterfat.
The toxicity of heated fats, stored fats, heated esters, and aerated
fats was tested by injecting them intraperitoneally into rats. Heated fats
and heated esters proved toxic when injected intraperitoneally into rats;
the latter class of compounds was the more toxic of the two. Some aerated
fats and some stored fats were toxic when injected intraperitoneally;
others were not. Some fats gave a positive Kreis test and yet were nontoxic to rats upon intraperitoneal injection.
Heated Mazola and heated ethyl oleate were introduced into rats
by stomach tube; the corresponding unheated fat and ester were similarly given to animals. Whereas the heated fat and ester were definitely
toxic to rats when injected intraperitoneally, they were only slightly so
when given the animals by way of stomach tube. The unheated fat and
unheated ester were non-toxic whether injected intraperitoneally or
introduced by stomach tube.
Attempts were made to regenerate heated fats by agitation with
fuller's earth, by steam distillation, and by treatment with semicarbazide.
Heated Mazola was not regenerated by agitation with fuller's earth or by
steam distillation at 100° C. Semicarbazide hydrochloride detoxified
heated fats but failed to reduce their inactivating properties; ketones or
aldehydes must be responsible for the toxic properties but not for the
inactivating power of heated fats.
Various fats, heated for different lengths of time and stored for varying periods, were analyzed for iodine number, free fatty acid concentration, and peroxide value. The free fatty acids increased and the iodine
number decreased upon heating and/or storing of the fat. The peroxide
value increased to a maximum and then decreased upon heating and/or
storing of the fa.t .
·
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Changes occurring in the fat of butter are of great importance from
the standpoints of flavor and keeping quality of the product. Hydrolysis
of the fat may set free some of the lower fatty acids, particularly butyric,
caproic and caprylic, causing a condition commonly referred to as rancidity, which is one of the most serious defects occurring in butter. Rancidity frequently develops in samples of commercial butter when they
are subjected to keeping quality tests.
Many microorganisms are able to hydrolyze butterfat. Organisms
of this type are widespread in nature, often being present in raw cream,
water and dairy plant equipment. They are ordinarily killed by pasteurization but recontamination after pasteurization may occur. If such organisms gain entrance to pasteurized cream in sufficient numbers and find
conditions suitable for growth, they may cause serious defects in the resulting butter. Salt retards the growth of these organisms, so that they
produce the most serious defects in unsalted butter.
After subjecting good quality, unsalted commercial butter from many
sources to keeping quality tests, rancidity was a common defect. All of
the samples were made from pasteurized cream. Since lipase is readily
inactivated or destroyed by heat, and since there was little chance for
contamination of the cream with the enzyme after pasteurization, the
rancidity which developed probably was the result of the growth of
microorganisms. Most of the lipolytic organisms commonly found in milk
and cream are readily destroyed by ordinary pasteurization temperatures, therefore the organisms responsible must have gained entrance
subsequent to pasteurization. Very few of the samples of salted butter
observed became rancid when subjected to keeping quality tests. The
salt evidently was very inhibitory to the organisms responsible for the
rancidity, since the opportunities for contamination of salted butter were
essentially the same as with the unsalted butter.
The acid numbers of the fat of the fresh, unsalted samples were uniformly low, usually less than 1.0. After holding at 21° C. for 6 days, many
of the samples showed increased acid numbers. However, there was no
definite correlation between the acid numbers of the fat and the quality
of the butter after storage. While high acid numbers usually accompanied
the development of rancidity, rancid samples with low acid numbers were
sometimes encountered. Conversely, samples not showing rancidity frequently had relatively high acid numbers. In the rancid samples with
low acid numbers on the fat, the proportions of the total fat acid that
were volatile, while often unmeasurable by the method employed, probably were considerably higher than in the rancid samples with relatively
high acid numbers.
1
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Lipolytic organisms varied considerably in their ability to produce
rancidity in unsalted butter. Some organisms which definitely caused
hydrolysis of fat, as evidenced by increased acid numbers, failed to cause
a rancid condition. Oospora lactis, for example, greatly increased the acid
numbers in the fat in cream or in butter and yet, in some instances, a
rancid flavor did not develop. Three bacterial species produced rancidity
regularly even with very slight increases in the fat acid values. Differences
in the proportions of total acid that were volatile as a result of the growth
of the various organisms were significant and accounted for the conditions
mentioned.
Lactic acid in cream in amounts greater than are normally present,
either produced by the growth of the common lactic organisms or added
directly, had no effect on the acid number of the fat. The acid was completely absent from the fat after churning, apparently being left in the
buttermilk. Acid tended to inhibit the growth of the lipolytic organisms
but was not effective in controlling them. Ripening cream to a relatively
high acidity for unsalted butter no doubt aids in the control of certain
organisms. This practice, however, cannot be expected to prevent growth
of the undesirable types.
The growth of organisms in unsalted butter was somewhat more
limited than in cream. In butter, the food supply was not as plentiful as
in cream and because of the physical structure of butter the organisms
were somewhat confined and were less able to migrate to new food supplies. The organisms studied, however, were all very detrimental to the
quality of unsalted butter stored at temperatures as low as 5° C.
The neutralizing process, as applied to sour cream in the manufacture
of butter, was definitely effective in lowering the acid number of the fat.
This indicates that the alkali not only neutralized the water soluble fatty
acids that were in the serum but also partially neutralized the acids present in the fat. The fact that the fatty acids in the cream fat are largely
neutralized during the processing of the cream preparatory to churning
eliminates the possibility of a good correlation between the acid number
of the fat of butter and the quality of the cream from which it was made.
In trials in which O. lactis was grown in cream or butter, the percentage of the total acid liberated that was volatile was very small. Certain
organisms, particularly 0. lactis, were capable of growing in a medium
in which salts of the lower fatty acids provided the sole source of carbon.
It is probable that 0. lactis largely consumed the volatile acids liberated
from the fat. However, it is possible that this organism may have exerted
a selective action on the fat, liberating only the higher acids, and that it
would not have consumed the lower fatty acids in the synthetic media if
other food materials had been available. With other organisms grown in
cream or butter, the ratios of volatile to non-volatile acids liberated were
very uniform in all trials with the same organisms, which indicated that
the fat hydrolysis proceeded in a definite manner with each organism.
This relationship prevailed in all trials with an organism regardless of
varying growth conditions or the degree of fat hydrolysis produced.
In commercial unsalted butter showing rancidity, this same uniform
volatile non-volatile acid relationship was very evident, regardless of the
degree of rancidity. In all of those samples the percentages of the total
acids in the fat that were volatile were comparatively high. This might
indicate that bacteria were chiefly responsible for the rancid condition in
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commercial unsalted butter, since 0. lactis and Mycotorula lipolytica in
pure cultures both produced relatively low volatile acid values.
Butterfat alone was not a suitable food for microorganisms, for even
when partially emulsified with water and inoculated with lipolytic organisms, no acid number increases resulted after 30 days at 21° C.
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The purpose of this investigation was to develop a method for the
analysis of soil solutions using a d-c carbon arc as the spectroscopic
source. The method used is described as the internal standard method
(2). Analyses were made by comparing the intensity of a test element
line to the intensity of an internal standard line, both of which were recorded on the same photographic plate. This comparison was made by
calculating the ratio of the deflections of the galvanometer of a non-recording microphotometer. The intensity ratio of the selected pair of lines was
determined for a series of solutions in which the amount of the test element was varied, and from this data the working curve (1 ) for the test
element was prepared. Several series of standard solutions were made
in which the percentage composition of the test elements to be determined
was varied over a wide range. Each of these solutions contained Mo as
an internal standard and Na as a spectroscopic buffer. Sufficient Na and
TABLE 1. Lines used and range of concentrations covered in the analysis of soil
solutions

Element
Si
Si
Si
Al

Spectral lines
Test
element
Mo
A
A

Range of analysis
o/o
%

····
····..····
·· ....
·········
·····
··
.......
.....
... ....
.....
.. .... ... .. ... .... ... .........
.. .... ....... ..... .. .... ... ..

2881
2881
2881
3092

3112
3132
3170
3112

.00005
.0003
.0003
.0005

.04

······· ········· ········ ·····
······ ······· ···· ··· ···· ··· ··
··· ······ ··· ··· ······· ·· ·····
····· ······ ··· ······· .... ... .
Fe ·· ··· ··· ····· ··· ····· ······ ··
Fe ···· ······ ····· ·· ······ ······
Fe ...... .. .... .. ...... .... .....
K ···· ····· ·· ······ ······· ······
K ·· ···· ············· ········ ···
Ca .. .. .... ... .. ... ... .... .. ....
Mg . ··········· ··· ····· ······ ···
Mg ···· ·· ·· ··· ············· ·····

3092
3092
3944
3961

3132
3170
3903
3903

.001
.001
.01
.01

.50
.50
.30
.30

3020
3020
3020
3217

3112
3132
3170
3132

.0001
.001
.001
.001

.01
.09
.09
.10

3217
3933
2795
2795

3170
3903
3132
3170

.001
.0001
.0001
.0001

.10
.15
.10
.10

Al
Al
Al
Al

.008
.01
.01

Mo were added to the soil solutions to make their concentration the same
as in the standard solutions.
Spectroscopic carbon electrodes of the highest purity, prepared by
the method of Duffendack and Wolfe (1), were used. These rods were
1
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cut at right angles to their length, the ends were made perfectly flat and
smooth, and the corners were rounded off with a file. A drop of the solution to be analyzed was transferred to the end of the positive electrode by
means of a glass rod and the electrode was then dried quickly in an oven.
The arc was excited by means of a 500 volt storage battery with a
ballast resistance of ten cone-type heater units wired in series with a 50
ohm rheostat. An arc gap of .75 mm. and a current of 2.5 amperes were
adopted as standard.
The instrument used throughout this investigation was a Bausch and
Lomb medium quartz spectrograph. The spectra were recorded on
Wratten and Wainwright panchromatic plates and were developed for 3
minutes at 18° C. For development two parts of water and one part of
fresh Eastman D-72 were used.
The lines used and the range of concentration of the elements quantitatively determined are shown in table 1. The range of analysis listed
does not, in any sense, indicate the upper or lower limit of possible determinations by the spectrographic method. They do indicate, however, the
range which was investigated by the writer.
The data available indicate that for the determination of Si, Al, Fe,
Mg, K, and Ca the accuracy is between 10 and 15 per cent. Greater accuracy than this might be attained if the technique were applied to the
routine analysis of soil solutions, but the 10 to 15 per cent accuracy is a
tolerable figure for a method using a d-c arc.
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Many problems in mathematics concern special cases of a general
linear operational equation. Several of the methods used in solving these
special problems are examples of the more extensive method used in this
paper to obtain solutions of the general linear operational equation.
The use of functionals in obtaining an approximation of the exact
solution is explained, ways for estimating the error involved are explored,
relations of the method used to existing methods are given, and ways in
which extensions can be made are indicated.
The general linear operational equation has the form LU= Pin the
matrix notation which is used throughout this paper for generality. The
m X 1 matrix P with functions as elements is given, the unknown n X 1
matrix U with functions as elements is to be determined, and the m X n
matrix L with linear operators as elements is given. The elements of the
matrix L commute with constants and transform to zero expressions vanishing identically. In homogeneous problems the matrix P is zero.
Examples of the problem LU= Pare systems of differential and integral equations, expansions of functions in terms of known functions
with constant coefficients, certain problems in indefinite integration,
boundary value problems, difference equations, etc. in which the unknown
occurs linearly. Characteristic values may appear in the problem.
The unknown U is replaced by an expansion in terms ~ known
functions. In matrix notation this expansion is a product VA of a known
matrix V of expansion functions by an unknown constant matrix A and
there is obtained L (VA) = P. It is the sense of the present method of
approximation that, while the foregoing equation usually is not exactly
true, the constant matrix is determined by an equation of the form
F(L(VA)) = FP
in which F is a functional. The product VA is obtained as an approximation for the unknown U.
Because it can be verified easily by actual expansion that the usual
associative property holds for the matrix products under consideration,
parentheses are unnecessary.
The difference P - LVA is the value of a remainder J. This remainder is such that, operated upon by the functional selected, the product F J vanishes. Knowledge of the character of the functional matrix
can indicate the properties of the remainder. It is possible to study the
remainder before or after the actual solution for A, because it is determined by the choice of L , P, V , and F and is expressible as the quotient
of two determinants with known elements.
Ways of measuring several kinds of error involved in the approxi--1 Original thesis submitted July, 1939. Doctoral thesis number 532.
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mation are in terms of expressions for the error permitted by the functions of expansion for U and for P. If there exists an expansion Va satisfying the relation U = Va
E, it is related to the expansion VA obtained by functional methods by the following equations:
A - a= (FLV)-1 FLe,
VA-Va= V(FLV)-1 FLe,
P-LVA =Le -LV(FLV)-1FLe.
Although it is assumed here for simplicity that the inverse (FLV)-1 exists,
analogous results are obtained when it does not. Similarly, when there
exists an expansion LVa satisfying the relation LVa f: = P, the corresponding equations
A- a= (FLV)-1F°"E,
VA-Va= V(FLV)-1 F£,
P-LVA = E-LV(FLV)-1Fe,
are true. It is evident that an exact answer is obtained by the use of functionals, if the functions of expansion are sufficient for the representation
of an exact answer. When the problem involves characteristic values, a
way of estimating the error is to determine how well the approximation
satisfies the equation defining the problem.
For the successful application of the methods of Ritz, Trefftz, Boussinesq (least squares), Krawtchouk (Kravchuk), perturbation theory,
and expansions, it is necessary that only a single element of P be different
from zero. The present method includes each of these as a special case
by an appropriate selection of the functional F.
If the correct linear combinations of the elements of one functional
permitting a solution are selected as elements of another, application of
the latter results in biorthogonalization,
FLVA =IA= A= FP.
A generalization of the orthogonalization of functions to the method of
functionals is possible and more valuable than biorthogonalization. The
addition of a linearly independent function for the expansion of P necessitates the calculation of only the additional constant coefficient. The
initial elements of A are obtained with relative rapidity.
Arbitrary parameters can be made to appear in the approximation
by including them either in the functions of expansion or in the functionals or in both. The parameters then can be chosen to minimize an
expression selected for the measurement of error. If either or both of the
substitutions V
xV for V and F
vF for Fare made, the solution for
A proceeds in the usual way. A means of giving the functions of expansion and the functionals variations is initiated.
If a constant matrix V approximating the unknown U is written as
IV in which the unit matrix I is a known matrix of expansion functions
and the unknown constant matrix V is to be determined, the method of
difference equations, Fredholm's solution of integral equations, and an
extension of the latter are included in the present method. If, on the
other hand, the functional F is replaced by a more general linear operator,
the solution for A can frequently be carried out. Agreement with the
method of successive approximation is obtained by such a procedure. The
Neumann series solution of the problem (L - AL) U = P is found as an
example.

+

+

+

+
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The purposes of this research are (1) to determine the dosage-mortality relations toward the confused flour beetle (Tribolium confusum
Duval) of ether, carbon disulfide, carbon tetrachloride and ethyl acetate
at 30 degrees C. and an exposure time of two hours, and (2) to investigate
the synergistic or antagonistic effect of ether on carbon disulfide, carbon
tetrachloride and ethyl acetate.
The 2-hour dosage-mortality curves of ether, carbon disulfide, carbon tetrachloride and ethyl acetate at 30 degrees C. against the confused
flour beetle are presented. The median lethal concentrations of these
~~m~~~m~~~w~~~~~~

per liter respectively, indicating that carbon disulfide, carbon tetrachloride
and ethyl acetate are approximately 6 to 8 times as toxic to this insect
as ether at the 50 per cent point.
From the dosage-mortality curve for each· gas, the concentrations
killing 15, 25 and 35 per cent of the test insects were read. Each gas was
then admixed with concentrations of ether such that the combined toxicity
of each mixture should cause theoretically 50 per cent mortality. In all
cases the per cent mortality obtained was far greater than that expected.
Carbon disulfide-ether mixtures and carbon tetrachloride-ether mixtures
gave mortalities approaching 100 per cent, while ethyl acetate-ether mixtures gave mortalities of about 80 per cent.
The effect of certain sublethal concentrations of ether upon the
toxicity of carbon disulfide, carbon tetrachloride and ethyl acetate to the
confused flour beetle was also studied. From the results obtained in this
phase of the investigation it is indicated that the toxicity of carbon disulfide and of carbon tetrachloride is directly increased by sublethal concentrations of ether. The toxicity of ethyl acetate, however, is decreased as
the sublethal concentration of ether is increased.
The results of this investigation lead to the conclusion that ether, a
substance of relatively low toxicity, may be used to synergise certain
gases (carbon disulfide, carbon tetrachloride and ethyl acetate) of comparatively much higher toxicity. In lower concentrations, however, ether
may be used to antagonize ethyl acetate and actually decrease its toxicity
to the confused flour beetle.

1
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RELATION OF THE STRUCTURE OF SUGARS TO THE CHEMISM
OF THE BUTYL-ACETONIC FERMENTATION1
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Most of the fundamental investigations of the butyl-acetonic fermentation have been limited to studies of the fermentation of starch in corn
meal. This limitation is due principally to the fact that corn meal is practically the only carbohydrate-containing material that has been employed
in commercial scale fermentations. The dissimilation of corn mash produces the neutral products, n-butyl alcohol, acetone and ethyl alcohol,
commonly called 'solvents', in the approximate ratio of 60: 30: 10, respectively.
Peterson, Fred and Schmidt (1) studied the fermentation of the
pure sugars, glucose, xylose and arabinose, from the standpoint of yields
of neutral products. Glucose and xylose were found to give approximately the same ratio of solvents as are obtained from corn mash, but
the yield of acetone from arabinose was appreciably higher. Underkofler,
Christensen and Fulmer (2) found that the fermentation of carbohydrates,
starch, dextrose, maltose, levulose, sucrose and xylose produced the
neutral products in essentially the normal ratio of 60: 30: 10. The fermentation of l-arabinose, described by Underkofler and Hunter (3), gave a
ratio of 50: 40: 10. The investigation herein reported was concerned with
the relation between the configuration of several carbohydrates and the
yields of the solvents produced in the butyl-acetone fermentation.
A modification of the Shaffer and Somogyi ( 4) micro-method of analysis for reducing sugars was developed to meet the need for rapid,
routine sugar determinations. The reagent as developed was capable of
being used for sugar solutions containing up to 10 mg. of reducing sugar
in a 5 ml. sample. Micro-methods previously described were designed
for sugar concentrations only one-fifth as great. For a determination,
5 ml. each of the reagent and of the solution to be analyzed were heated
in a boiling water bath for a length of time sufficient to give practically
maximum reduction. For glucose, sorbose and d-arabinose 20 minutes in
the water bath were found to be sufficient. Mannose, galactose, 1-arabinose, maltose and lactose were heated 30 minutes while the slow reducing
rhamnose required 40 minutes. After cooling the heated solutions, the
cuprous oxide formed in each was determined by acidifying with sulfuric
acid and titrating the excess iodine liberated with standard sodium thiosulfate. For determinations of reducing sugars in a bacterial culture, the
removal of proteins was found to be unnecessary.
Some factors which influence the yields of neutral products in semisynthetic media were studied. The yields of solvents were found to decrease with decreasing volumes of medium when contained in flasks of
such size as to hold as large a quantity as practicable. The yields of acetone decreased more sharply with decreasing volume, that is, wit~ in1
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creasing surface-volume ratio, than did yields of butyl alcohol and ethyl
alcohol. Saturation of corn mash with carbon dioxide, preliminary to inoculation, resulted in slightly lowered yields for all surface-volume
ratios employed.
Optimum concentrations for corn-gluten meal, soy-bean meal and
bacto-peptone as nutrient materials in a semi-synthetic medium containing glucose were determined. The maximum yields of solvents were
obtained for each nutrient, when 100 ml. of medium contained, respectively, 1.5 grams of corn-gluten, 0.5 grams of soy-bean meal or 0.75 grams
of peptone. Corn-gluten meal gave the highest yields of products and
peptone the lowest. No solvents, whatsoever, were formed from glucose
in the presence of bacto-yeast extract in any of the several concentrations
in which this material was employed as a nutrient. Yeast extract proved
to be definitely inhibitory to the fermentation when used in combination
with other nitrogenous substances. Normal yields were not obtained from
glucose in media containing only peptone as nutrient material. The yields
of acetone and ethyl alcohol were more markedly decreased than those
of butyl alcohol in peptone media in comparison with normal yields in
media containing corn-gluten meal.
The course of the fermentations of the carbohydrates, glucose, mannose, glactose and lactose, along with corn meal for control, was followed by means of determination of pH, total acidity, quantity of reducing
sugar remaining and of the formation of individual solvents. Mannose
and glucose were readily fermented giving normal yields of each of the
three neutral products. The dissimilation of mannose was more rapid
than that of glucose but no more complete. Lactose was fermented less
rapidly and less completely than glucose with consequent lower yields.
About 80 per cent of this disaccharide was utilized. At the end of the
fermentation of lactose the proportion of butanol was appreciably higher
and ethanol lower than the normal, while that of acetone was the same as
from glucose or corn mash. Galactose gave low yields with relatively high
proportions of butanol and low proportions of acetone and ethanol. The
fermentation stopped when only one-third of the sugar disappeared. The
total acidity increased continuously throughout the fermentation period.
The final total yield of solvents from galactose actually utilized was 25
per cent while the yields from glucose, mannose and lactose were approximately 36 per cent, calculated on the same basis. The data obtained for
the fermentation of these carbohydrates are summarized in table 1. The
action of the butyl organism on the sugars, sorbose, rhamnose, d-arabiTABLE 1. Yields of solvents from fermentation of vari01LS carbohydrates

Substrate
Corn mash .. ...... .... ..... ..
Glucose ..... .......... .......
Mannose ... .... ..... .... ... ..
Galactose .. .. .... .... ... .... ..
Lactose .... ... ....... ... ......

Percentage
total
yield
32.6
34.5
33.l
8.5
28.5

Percentage
yield from
sugar utilized

35.7
35.2
25.2
35.9

Final proportions of
individual solvents
But.
Acet.
Eth.
58
57
58
70
63

30
28
30
25
31

12
15
12
5
6
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nose and glucose and on the sugar alcohol, sorbitol, when used to replace
equivalent quantities of corn meal in varying increments, was investigated. None of these substances, except glucose, was dissimilated in any
of the varying degrees of replacement. None of the polyhydric alcohols,
perseitol, i-inositol and Z-arabitol were attacked in semi-synthetic media
containing corn-gluten.
The pentose sugar, d-lyxose, was prepared by the degradation of
calcium galactonate with hydrogen peroxide. Attempts to ferment lyxose,
when contained in a sirup from which the sugar was not crystallized, were
not successful. The conclusion that this compound is not fermentable is
not fully justified because of the possible presence of toxic impurities in
the sirup.
Dihydroxyacetone, when added to sterile semi-synthetic medium at
the time of inoculation was partially fermented; about one-sixth of this
compound was utilized as determined by reducing sugar analysis. Dihydroxyacetone, when added to the medium before sterilization, underwent
changes during the heating which rendered the medium unfermentable.
The data obtained in this study, together with those obtained by
previous investigators, indicate that the configuration of a sugar most
favorable toward fermentability by the butyl-acetone organism consists
of a pair of cis hydroxyl groups located in the molecule adjacent to a primary alcohol group. While such an arrangement holds in general for the
sugars, it fails for some of the sugar alcohols. Sorbitol, perseitol and
arabitol, each containing a pair of cis hydroxyl groups adjacent to a
terminal carbon atom, were not found to be fermentable. The fact that
Z-arabinose was readily fermented while d-arabinose was unattacked
makes it apparent that stereoconfiguration is of prime importance.
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A CLASSIFICATION OF THE PROTEOLYTIC MICROCOCCI
ISOLATED FROM DAIRY PRODUCTS1
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In studying changes in dairy products, bacteriologists have given the
micrococci relatively little attention since it is generally thought that these
organisms produce changes slowly and therefore are of little importance.
The usual classifications of the micrococci are based on such characteristics as gelatine liquefaction, nitrate reduction and the fermentation of
various carbohydrates. These characteristics are of little practical value
to the dairy bacteriologist. The action of the organisms on the constituents
of milk, however, may be of considerable importance.
Various micrococci found in milk and milk derivatives are capable
of attacking the proteins of milk. The extent to which the milk is proteolyzed varies greatly with the particular organism. In some instances
proteolysis can be detected by the appearance of the milk while in other
instances chemical analyses are necessary to detect changes.
The ability of certain micrococci to break down proteins is important
since many dairy products contain enough proteins to make such changes
undesirable from the standpoint of quality; however, such changes may
be of importance in cheese ripening. The micrococci, therefore, should
be seriously considered by the dairy bacteriologist.
This study was undertaken with a three fold objective: First, to
isolate proteolytic micrococci from various dairy products and to study
their general characteristics; Second, to determine the effect of various
types of proteolytic micrococci on milk and butter; and Third, to classify
the proteolytic micrococci in dairy products and to identify them.
By plating on milk agar and incubating at 37° C. for 48 to 72 hours,
proteolytic micrococci were readily isolated from many samples of milk,
butter, cheese and ice cream. They were obtained from 340 of 580 samples
of milk, from 36 of 42 samples of butter, from 20 of 36 samples of cheese
(cheddar) and from 30 of 46 samples of ice cream.
On the basis of chromogenesis, the proteolytic micrococci were
readily divided into four groups-red, orange, yellow and white (nonpigmented). The red micrococci were ncit studied in detail because of the
small numbers encountered.
Studies on the influence of various factors on chromogenesis indicated:

(a) That when grown in an atmosphere of carbon dioxide, the general pigment production on agar was not significantly different
than when grown in air, although with a few of the orange cultures the pigment was lighter in color.
(b) That when grown on potato, some of the orange organisms produced a deeper color than when grown on agar.
1
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(c) That the pH value of the medium had an effect on the pigment
production, a value of 7.0 being more favorable than values of
6.6 or 7.6, although pigment production was definite at all three
values.
(d) That holding organisms in sterile water for 6 days before inoculating on agar did not influence pigment production.
(e) That subjecting cultures to 55° C. for 10 minutes before inoculating on agar had little or no effect on pigment production.
(f) That more highly colored pigment was produced at 21 ° C. than
at 37° C. with the orange cultures but not with the yellow cultures.
(g) That agar cultures held in darkness for 10 days were not as
deeply pigmented as when held in a sun lighted room.
Mille cultures of the proteolytic micrococci were viable for 3 to 4
months and agar slant cultures for 10 to 12 months at room temperature.
When litmus milk was inoculated with the various organisms, four
general types of changes were produced while a few cultures produced
no noticeable change.
The titratable acidity produced in milk by 20 representative cultures
varied from 0.12 to 0.66 per cent, calculated as lactic acid. Organisms
of the orange and white groups generally gave higher values than those
of the yellow group.
All of the cultures studied grew well on beef infusion agar slants
and in beef broth.
A majority of the cultures studied reduced nitrates.
In general, the organisms did not assimilate amino nitrogen, although
ammonia nitrogen was assimilated by many cultures of the orange and
yellow groups but by none of the white group. All cultures were capable
of producing ammonia from peptone, whereas none produced ammonia
from nitrates.
All cultures except a few of the white group liquefied gelatine.
Cultures of the yellow group generally produced larger amounts of
carbon dioxide than cultures of the orange or white groups.
Hemolysis was shown by some cultures of the orange and yellow
groups but by none of the white group.
Lipolysis was limited to organisms of the orange group. None of the
yellow or white organisms studied were lipolytic, according to the methods
used.
Diastatic action was exhibited by 1 culture of the orange group and
by 96 of the yellow group. None of the white cultures produced diastase.
In general, most of the cultures studied fermented dextrose, galactose, lactose, levulose and maltose. Dextrine, glycerol, mannitol, salicin,
sorbitol, sucrose and xylose were fermented by some cultures. Arabinose
and raffinose were not fermented.
In broth cultures all of the organisms were destroyed at temperatures
ranging from 55 ° to 65 ° C. for 15 minutes.
Appreciable amounts of acetylmethylcarbinol plus diacetyl or volatile acid were not produced by the organisms. Tests for hydrogen sulphide
and indol were regularly negative.
Thirty representative cultures were found to be non-pathogenic
when inoculated into guinea pigs intraperitoneally.
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None of the organisms studied produced spores, and all were apparently non-motile.
Protein breakdown in skimmilk by four representative cultures of
proteolytic micrococci was studied in detail. When grown in milk at 37°
or 21 ° C. for 2 to 7 days, the organisms increased the amount of nitrogen
in the serum, although the extent of proteolysis varied considerably with
the cultures. In general, the fractions of nitrogen soluble in trichloracetic
acid, soluble and insoluble in ethyl alcohol or insoluble in phosphotungstic
acid increased during the incubation, whereas the fractions insoluble in
trichloracetic acid or soluble in phosphototungstic acid remained about the
same. The amounts of amino nitrogen increased in the serum during the
holding.
The general action of 38 cultures of proteolytic micrococci on unsalted
butter was studied by churning small portions of sterile cream inoculated
with relatively large numbers of the organisms, and then examining the
butter after various periods at 4 ° and 20° C. Definite defects were produced in many samples of butter after 4 to 8 weeks at 4° C. or 1 to 5 weeks
at 20° C. Certain cultures of the orange group produced rancid, cheesy
and pungent flavors, while certain of the yellow group produced cheesy,
musty or bitter flavors. In general, members of the orange group changed
the flavor of butter more rapidly and more extensively than members of
the yellow or white groups.
An attempt was made to identify, on a species basis, the 426 cultures
of p~oteolytic micrococci. The organisms were separated into 15 species
of the genus Micrococcus on the basis of chromogenesis, action on nitrates,
action on milk and the fermentation of various carbohydrates. Ten
species were identified from descriptions given by other investigators,
while 5 species were unidentified. A key to the indentification of the 15
species of proteolytic micrococci is given.

THE DETERMINATION OF ELASTIC CONSTANTS BY
PIEZO-ELECTRIC METHODS1
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The relationships existing between the elastic constants and the frequencies of the natural modes of vibration of a finite plate of homogeneous
material have never received a rigorous formulation. On the other hand,
the solution of the relationships between elastic constants and natural
frequencies of an infinite plate is rigorous.
In the evaluation of the elastic constants of a material, an infinite
plate can be approximated, either by making use of a large, thin plate
or by using harmonics of the fundamental modes of vibration. The latter
method was used in this investigation because of its greater accuracy.
When a plate is vibrating with a fundamental mode or a harmonic of
this mode, the wave planes of the standing waves which are produced
are parallel to the surface of the plate. Thus, as the order of the harmonic
becomes progressively higher, more wave planes are crowded between
the surfaces of the plate, and so the size of the plate becomes larger in
comparison with each wave length, approximating ever closer the theoretical infinite plate.
The six independent adiabatic elastic constants of quartz were evaluated by frequency measurements of piezo-electrically excited harmonic
vibrations of finite quartz plates placed in a filter circuit in a specially
designed apparatus. The apparatus consisted of a stable oscillator having
a frequency range of about 300 to 36,000 kilocycles per second, a temperature chamber for maintaining the plates at a constant temperature, an
audio amplifier for the approximate location of resonance points of the
quartz plates, a sensitive vacuum tube voltmeter for the accurate location of resonance points, and a frequency meter having an accuracy such
that frequencies could be determined by its use to one part in twentyfive thousand.
The approximation of the behavior of the finite plates to the behavior
of infinite plates of the same thickness was excellent for harmonics of
higher order than the thirtieth for the particular plates used. The frequencies of harmonics up to the eighty-seventh were measured for the
main modes of vibration, and up to the two hundred and sixty-third harmonic for certain lateral modes.
The quartz plates were cut from two well-developed, flaw-free quartz
crystals. An optical method which made use of light reflected from the
facets of the natural crystals, was used to get the orientation of the plates
correct within one minute of the specified angle. The two surfaces ·of
the plates were ground plane and parallel to each other within one tenthousandth centimeter.
All angles of the plates were accurate right angles and opposite sides
were parallel to four significant figures. Four useful plates were cut from
1
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each of the natural crystals, these plates having the following orientations:
0°, 0°; 30°, 0°; 0°, 45°; and 30°, 38° 12'. The mathematical relationships
between the elastic constants and the natural frequencies of vibration
for infinite plates of each of these orientations were derived and these
relationships were used in the evaluation of the constants.
The results obtained with similarly-oriented plates from the two
natural quartz crystals were the same within the experimental error of
the thickness measurements of the plates. This fact is an indication of
the uniformity of all flaw-free quartz.
The adiabatic elastic constants of quartz as evaluated by this method
are: C 11
87.45 X 1010, C 1 2
6.03 X 1010, C 14 17.8 X 1010, C 44 57.1
X 1010, C 13 14.4 X 1010, C 33 109.0 X 1010 , dynes per square centimeter.
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RADIANT HEAT TRANSFER IN CERAMIC KILNS1
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A survey of the literature indicates that no attempts have been made
to employ the information on the radiant heat transfer from non-luminous
gases, used in the design of heat treating furnaces and pipe stills, to effect
an improvement in ceramic firing practices. While numerous heat balances have been run on various types of kilns and the results of many
published, no effort has been made to determine the mechanism by which
the heat present in the products of combustion is transferred to the product in these kilns, and it has been popularly believed that convection is
the important mechanism.
While this is probably true at low temperatures, the work
Schack
(1) in Germany and of Hottel (2) and his co-workers in the United States
shows that at elevated temperatures heat radiated by water vapor and by
carbon dioxide accounts for more than 90 per cent of the total heat transferred. These investigators were concerned with furnaces in which there
could be only superficial chemical reactions between the products of
combustion and the material being heated, while in ceramic firing practice such reactions may be of considerable importance. It therefore was
considered desirable to ascertain if existing firing practices in the ceramic
industry could be improved by the addition of water vapor and carbon
dioxide to the products of combustion without effecting undesirable
chemical reactions between them and the ware.
In order to fire rapidly, a small muffle furnace lined with high-temperature, light-weight refractory, was built. The muffle was made of silicon carbide and closed at both ends by refractory plates through which
were inserted sillimanite tubes for introducing and exhausting the gases
in which the samples were fired. The gas streams were broken up and
diffused by an appropriate set of baffles.
Gases were introduced into the muffle at slightly greater than atmospheric pressure in order that any leakage might take place from the
interior of the muffle outwards, thereby protecting the samples being fired
from contact with the products of combustion. Samples cut from dry but
unfired commercial hollow tiles from five Iowa plants were measured,
weighed, and set in the muffle. Firings were made to various temperatures according to a fixed schedule in three atmospheres, air, carbon dioxide, and water vapor. During firing, a temperature of -+-1.5° C. was
the maximum variation permitted and duplicate firings were made in
almost all cases. The purity of the atmosphere inside the muffle was
checked by analysis during firing and samples were held at predetermined
temperatures for thirty minutes. If the temperature varied more than
three degrees Centigrade from the fixed schedule during the firing, the
run was discarded. Temperature measurements were made with a pre-
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c1s1on potentiometer and chromel-alumel thermocouples whose cold
junctions were maintained at 0° C. by means of an ice bath.
The porosity of each fired sample was determined by means of a
Washburn-Bunting porosimeter and a mercury volumeter. The percentage of ferrous iron in each sample was determined by chemical analysis
and the carbon dioxide content was determined for all samples fired in
carbon dioxide atmospheres.
In each of the clays used in this investigation it was found that at
any temperature the porosity of the sample fired in water vapor was less
than that of one fired in carbon dioxide or in air, and that the porosity
of a sample fired in carbon dioxide was less than that of one fired in air.
On a basis of radiant heat transfer considerations alone, it is to be expected that at any temperature a sample fired in carbon dioxide would
have a lower porosity than one fired in water vapor. The converse, however, appears to be true.
The results obtained in this investigation can be explained by postulating that chemical combination between the fluxes in the clay and the
carbon dioxide of the atmosphere removed enough of the flux from active
action that the firings in water vapor and in carbon dioxide atmospheres
are not completely comparable. It is possible also that water vapor acts
as a catalyst in promoting the action of the fluxes present. With carbon
dioxide and with water vapor atmospheres it is impossible to determine
to what extent the decrease in porosity from firing in air at any temperature is a consequence of greater heat transfer and to what extent this
decrease is attributable to reduction.
It was found by analysis that a considerable part of the flux naturally
present in each of the clays had been converted to carbonates by chemical
reaction with the carbon dioxide in the atmosphere. It was further discovered that all samples fired in either carbon dioxide or in water vapor
were not completely oxidized and analysis for ferrous iron in the samples
so fired showed that the amount of reduction as measured by the percentage of ferrous iron in the fired sample was inversely proportional to the
porosity of the sample. Since reduction did take place the value of porosity as a measurement of maturity is somewhat doubtful but it seems
probable that the firing in water vapor resulted in a lower porosity at
any temperature than can be attributed to reduction alone.
It may be possible to take advantage of the radiant heat transfer
from water vapor and carbon dioxide in ceramic firing without injury to
the product, by replacing a portion of either gas with oxygen or air. To
what extent this replacement is necessary remains to be determined.
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THE ACCURACY OF THE PLATING METHOD FOR ESTIMATING
THE NUMBER OF BACTERIA, ACTINOMYCES AND FUNGI IN A
LABORATORY SAMPLE OF SOIL1
NORMAN JAMES
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Fourteen hundred and sixty-five samples of field soil, held in the
laboratory one day after crushing, were plated by the recognized technique in four replicates of one dilution for counts of fungi and of a higher
dilution for counts of bacteria and of actinomyces during the crop season of 1936, 1937, and 1938. A X 2 value was calculated for each set of
counts. These values for each group of microorganisms were distributed
into classes and the number in each class compared with the theoretical
for the Poisson series. The data for each year indicate that the fungal
counts conform to expectancy on the basis of random sampling and prove
that the method provides an accurate estimate of the population in the
dilution plated. Too many sets of counts of bacteria in each year yield
high X 2 values. The counts of actinomyces conform to expectancy and
may be accepted as accurate for the dilution plated.
In an attempt to determine the cause of this abnormality for sets of
counts of bacteria, samples were plated on the afternoon of the day taken
from the field. Three hundred and four samples plated in six replicates
of one dilution and another 100 samples plated in four replicates yield X 2
values, whose distribution conform to expectancy. Accordingly, the plate
method provides an accurate estimate of the bacterial population of soil
in the dilution plated if the procedure is carried out within six hours after
sampling. Data on 88 samples plated on the day of sampling, on 88
samples held one day, on 88 samples held two to five days and on 88
samples held eight to thirteen days show that the discrepancy between
the actual and theoretical distributions of X 2 values becomes progressively greater at each successive period of holding the samples. Further, the
data indicate that the area sampled, the season, the medium used and
the technique of plating bear no relation to the abnormal variation in
counts of bacteria on replicate plates.
A record was kept of the presence of abnormal types of bacterial
colonies and various genera of fungi on all plates from 468 samples plated
one day after sampling and crushing during 1938. The data show that
sets having pin-point colonies or spreading colonies of the Mucorales on
one or more plates usually have high X 2 values. Counts on such plates
should be excluded from the estimate of the mean number of bacteria in
the sample. Likewise, the number of actinomyces colonies on each plate
from these samples was recorded. The X 2 values for these counts were
found to conform to expectancy, indicating that the factor or factors associated with a large number of high X 2 values for counts of bacteria does
not affect the count of actinomyces in the same way.
Percentage moisture and P values corresponding to the X 2 values
1
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for the counts of bacteria obtained each year were correlated. The data
yield coefficients that are not significant in each case.
Six 25 gram aliquots taken from a well mixed laboratory sample
were plated, each in six replicate dilutions with four replicate plates from
each dilution, for counts of fungi. The analysis of variance shows that
there are not significant differences in counts of fungi among replicate
dilutions from one aliquot, but that there are among aliquots from one
laboratory sample. Each replicate dilution was raised and the final dilutions plated in four replicates for counts of bacteria. The data for bacterial counts show significant differences among dilutions from one aliquot, but not among aliquot samples.
In a second experiment, one 25 gram aliquot taken from a sample
was diluted 1: 10 and another 25 gram aliquot was diluted 1: 50. Each
original dilution was raised to 1: 5,000 in eleven replicate dilutions, which
were plated in four replicates for fungi. The experiment was repeated ten
times. In this case, the data show that the 1: 10 method of making the original dilution yields significant differences among the final dilutions and
that the 1: 50 system, which reached 1: 5,000 in one transfer, is preferable.
Each dilution was raised to 1: 500,000 and the final dilutions were plated
for bacteria in six replicates. The analysis shows that the 1: 10 method
is not reliable because of significant differences among dilutions and that
the 1: 50 method is preferable, although failing to reduce the differences
to insignificance.
The 1: 50 and 1: 100 systems of making the original dilution were
compared in experiment 3, as well as differences among aliquot samples.
A fresh sample was plated in five aliquots for each system, each aliquot
in ten replicate dilutions and each dilution in four replicate plates for
bacteria. The 1: 50 system again shows significant differences among dilutions and the 1: 100 system is not preferable. Likewise, there are significant differences among aliquot samples in each case.
In experiment 4 all dilutions were raised from 1: 50 original dilutions.
Each trial consisted of six aliquots, raised in six replicate series of dilutions and plate in six replicate plates from each final dilution. This was
repeated four times for fungal counts and six times for counts of bacteria.
The analysis again shows that for fungal counts differences among dilutions are not significant, while for bacterial counts they are. Again, there
are significant differences for aliquot samples in the case of both fungal
and bacterial counts.
In experiments 2, 3 and 4 the plating, pouring, piling of plates in
the incubator and counting of plates were carried out in one order. The
analysis shows that none of these practices adds anything significant to
the error of plating.
Since the errors of the sample used and of the dilution plated are
significant, valid information on the counts of bacteria, actinomyces or
fungi in a laboratory sample cannot be obtained by the procedure of using
one 25 gram sample and one final dilution from it, regardless of the number of replicate plates made from the dilution. By using six aliquot
samples with three replicate dilutions from each and one plate for each
dilution the estimate would be based upon these three factors in about
their proportionate weight.
Only by carefully designed experiments and the application of statistical methods to check the validity of the results obtained can progress
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be made in developing the plate method of counting bacteria or fungi in
soil to a stage where it may be used for practical application to the problems of agriculture.

INSECTICIDAL ACTION OF SOME SUBSTITUTED
PYRROLIDINES1
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KIRCHNER
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A series of a-substituted pyrrolidines was synthesized and the dissociation constants of the new compounds measured with a hydrogen
electrode. These constants placed the thienyl and mesityl radicals in the
electron sharing ability curve 2 , the thienyl radical being located half-way
between the phenyl and the o-chlorophenyl radicals, and the mesityl at
about the same value as the o-chlorophenyl. The dissociation constants
are given in table 1.
TABLE 1

Compound
a-Thienyl-a-pyrrolidine
(in H.O)

.. ... .. .

a-Thienyl-a-pyrrolidine
(in CH.OH)

..... ...

2-Mesity1-a-pyrrolidine
(in CH.OH)

...... ..

Elec

E.M.F.

Kn

-log Kn

A

.7991
.7991

2.24 x 10-•
2.24 x 10-•

4.65
4.65

.6049
.6049

3.39
3.39

X
X

10-T
10-T

6.47
6.47

.7062
.7062

1.86
1.86

X

10-T
10-T

6.73
6.73

B
A

B
A

B

X

For the insecticidal studies the common firebrat, Thermobia domestica Pack., was selected as the test insect. Groups of ten insects were
sprayed with a series of concentrations by means of a modified Tattersfield apparatus3 • This consisted of an atomizer located in the top of a bell
jar so as to center the spray on a 10 cm. crystallizing dish. The atomizer
was connected to an air pressure line through a Hoke regulator set to
maintain a constant pressure of 9 lbs. per square inch. This apparatus
has the advantage of requiring only small amounts of material for the
tests.
Because of the slight solubility of most of the compounds in water a
fifty per cent (by volume) acetone solution was used as the sprayin medium. The acetone lowered the surface tension to a point where it was
unnecessary to use any spreading agent, and eliminated any errors likely
to occur from the toxic effect of a spreader.
Stock solutions of four grams per 100 cc. of solution were made up,
and from these the lower concentrations made by dilution. Those concentrations in the center portion of the mortality curve were sprayed five or
six times, while those near the ends were sprayed in duplicate or triplicate.
Original thesis submitted June, 1939. Doctoral thesis number 519.
• Hixon and Johns. J. Am. Chem. Soc., 49: 1786 (1927) ; Starr, Bulbrook, and
Hixon, ibid., 54: 3971 (1932); Goodhue and Hixon, ibid., 56: 1329 (1934).
• Craig and Richardson, Iowa State Coll. J. Sci., 7: 477 (1933) .
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Mortality counts were made at the end of twenty-four hours since
test runs indicated no variation in the count over a period of forty-eight
hours. All paralyzed insects were counted as dead.
The effect of hydrogenation was determined by comparing the pyrolidines with the corresponding pyrrolines, and in all cases, except with
the thienyl compounds, the reduced compounds were less toxic than
the corresponding pyrrolines. The discrepancy in the case of the thienyl
radical can be accounted for on the basis of physical properties.
No general relationship could be discovered between toxicity and
dissociation constants. Although the most toxic compounds tested were
also the most negative in nature, the more positive compounds like the
cyclohexyl and butyl were more toxic than would be indicated by a comparison of dissociation constants.
Unexpected results were obtained in comparing the insecticidal action
of optically active isomers. Levo and dextro-cyclohexylpyrrolidine had
identical toxicities, but in turn were more toxic than the racemic compound. A similar result was obtained with the phenyl isomers. Thus the
toxicity of the racemic compound is not the additive effect of the two
component isomers.
In table 2 are listed the concentrations in grams per 100 cc. and also
mols per 100 cc. to give a 50 per cent mortality. These values were taken
from curves obtained by plotting the logarithms of the concentrations
against the per cent mortality expressed in probit units.
TABLE 2. Comparative toxicities of certain alpha-substituted pyrrolines and
pyrrolidines

Compound
1-,S-Pyridyl-a-N-methylpyrrolidine (nicotine) . .
2-Mesityl-a-pyrrolidine
a-Thienyl-a-pyrrolidine
a-n-Butylpyrrolidine ············· ········ ·····
dl-a-Cyclohexylpyrrolidine
1-a-Cyclohexylpyrrolidine
d-a-Cyclohexylpyrrolidine .....................
dl-a-Phenylpyrrolidine
1-a-Phenylpyrrolidine
d-a-Phenylpyrrolidine
2-Mesityl-a-pyrroline
a-Cyclohexylpyrroline
a-n-Butylpyrroline
a-Phenylpyrroline
a-Thienyl-a-pyrroline

.. ... ... ...... .. ..... ...
....... ....... .... .....
.. .... ...... .. ..... .
..... ...... ..... .... .
....... .......... .......
.................... .. .. .
........... ..... ... ......
.... .. ... .......... .. .....
.... ....... .......... ... .
............... .............
............. ................
······ ·· ·················

Cone. in
gms. per 100
Cone. in mols
cc. for 50 per per 100 cc. for 50
cent mortality per cent mortality
.25
1.0
1.2
1.9
1.5
.95
.95
2.0
1.3
1.3
.8
1.0
1.4
1.4
1.4

.0015
.0053
.0079
.0148
.0098
.0065
.0065
.0131
.0089
.0089
.0043
.0066
.0111
.0097
.0093

RELATIONSHIP BETWEEN THE ELECTRON-SHARING ABILITY
OF RADICALS AND THE ASSOCIATION OF ORGANIC
COMPOUNDSt
FRANC

A. LANDEE

From the Department of Chemistry, Iowa State College
Received July 19, 1939

It is known from the work of Hixon and Johns 2 and their collaborators that one order or series of the known organic radicals is sufficient to
correlate the acid and basic properties of each member of numerous families of organic compounds. This series which is an arrangement of the
radicals in the order of their electron-sharing ability has been shown to
have numerous other applications to organic chemistry especially in the
field of reversible reactions. Those radicals which cause an increase in
the acidic properties of a compound when substituted in the molecule
in place of hydrogen have been given positive values of electron-sharing
ability and vice versa. By certain theoretical considerations, involving
the fact that the hydrogen atom attached to oxygen is the controlling element in both molecular dissociation and association, the author was able
to predict that the entry of radicals of high positive electron-sharing
ability into an associating body should cause a decrease in the molecular
complexity of the compound. The predicted effect was experimentally
shown for the carboxylic acids of the type R COOH where "R" varied
from the methyl to the trichloromethyl radical. The measurements were
made by vapor density methods.
Data were also obtained for the same series of acids in solvents such
as acetone, diethyl ether, and methyl acetate. Here, too, the association
was found to vary inversely with the electron-sharing ability of the subsituated radical although the effect was quite small. The data were obtained by measurements upon the vapor pressures of the solutions concerned. A brief review of the literature is given that shows that this
effect of electron-sharing ability upon association is quite general and that
it applies to classes of compounds other than the carboxylic acids. The
effect of quantum mechanical reasonance in stabilizing association structures is briefly discussed as are the effects of temperature, steric hindrance, chelation and other factors in producing phenomena of greater
magnitude that obscure and overcome the generally small effect of electron-sharing ability.
In a study and resume of the theories regarding the . effect of the
solvent in influencing the association of the solute, the author arrived at
the conclusion that the older theory which regards the dielectric constant
as the controlling factor could not be retained in the light of the more
modern theories of valency. As an alternative he would suggest (as have
other recent investigators) that the reaction or possible reaction of the
solvent in solvating the solute should be the controlling factor and that
for the same conditions of temperature and of concentration this one facOriginal thesis submitted December, 1938. Doctoral thesis number 504.
'Hixon and Johns, J. Am. Chem. Soc., 49:1786 (1925).
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tor should be sufficient to explain all solvent action upon association regardless of the values of the dielectric constants concerned. By this hypothesis the solvation reaction would be of the same nature as the association reaction and the same factor (i. e. electron-sharing ability) should
control both. Approximate calculations were made to show the mechanism of the solvent effect by this hypothesis and a derivation made of
the solvating order of a series of solvents of the type C 6H 5R. This derived
order was found to be essentially the same as that determined experimentally by previous investigators.
In considering the effect of the electron-sharing ability of the radicals
concerned upon the solvation reaction the conclusion was reached that
the entry of radicals of high electron-sharing ability into a solvating compound should cut down the extent of the solvation reaction and that
this would be reflected by the increase of the associating power of this
compound as a solvent. An attempt was made to demonstrate this effect
by determining the molecular weight of a standard solute (benzoic acid)
in a series of substituted solvents of the same chemical type. Due to the
uncontrollable factors entering into the determinations, such as temperature differences, etc., the results were not interpreted too closely but it
is felt that the role of electron-sharing ability in controlling the solvation
reaction has been demonstrated.
Various errors and inconsistencies in the literature (notably the case
of benzoic acid in water) have been pointed out and corrected.
Various applications of electron-sharing ability to other fields closely
related to association have been pointed out. A brief discussion of each
case from the standpoint of the literature has been given.

ORGANOMETALLIC COMPOUNDS OF GROUP VIII ELEMENTS 1
MYRL LICHTENWALTER

From the Department of Chemistry, Iowa State College
Received July 19, 1939

The first organometallic compound of the group VIII elements to be
prepared was trimethylplatinum iodide 2 • With trimethylplatinum iodide
as a starting material, a series of trimethylplatinum compounds was prepared. The trimethylplatinum compounds are generally crystalline solids
which have no melting points. The preparation of phenyliron iodide and
ethyliron iodide has been reported from the action of phenylzinc chloride
and ethylzinc iodide, respectively, on ferrous iodide8 •
The present investigation deals with the attempted preparation of
characteristic organometallic derivatives of the group VIII elements in
an effort to determine some of their properties.
Iron, cobalt, and nickel show no tendency for direct union with organic halides to form organometallic compounds.
Iron halides, with the exception of ferric fluoride, react with phenylmagnesium halides with the formation of metallic iron and biphenyl in
quantitative yields. Cobalt and nickel halides react in the same manner.
No evidence of organometallic compounds is found in these reactions.
Ferric fluoride reacts with phenylmagnesium bromide with the formation
of benzene. No evidence of the formation of an organoiron compound is
obtained.
a-Naphthylmagnesium bromide and a-naphthyllithium give low
yields of bi-a-naphthyl in reactions with ferrous chloride and ferrous
iodide. No evidence is obtained for the formation of an organoiron compound in these reaction. Addition of benzyl bromide, prior to hydrolysis,
gives no ketone.
The reaction of phenylzinc chloride with ferrous iodide proceeds to
the formation of biphenyl and metallic iron. The reaction proceeds very
slowly but without any evidence of the formation of phenyliron iodide.
Hydrolysis of aliquots from the reaction mixture at intervals shows the
formation of biphenyl to be proceeding regularly as the proportion of
ferrous hydroxide to zinc hydroxide increases in the hydrolysis products.
The solution obtained from addition of ferrous iodide to phenylzinc chloride, followed by two hours refluxing, is of the same order of chemical
reactivity as phenylzinc chloride. The addition of benzoyl chloride gives
benzophenone while allyl bromide gives no reaction on standing sixteen
hours with either phenylzinc chloride or the reaction mixture of phenylzinc chloride and ferrous iodide.
The reaction of ethylzinc iodide with ferrous iodide proceeds slowly.
Evolution of gas from the reaction is slow but continuous. Six hours refluxing of a solution containing 0.1 mole of ethylzinc iodide and 0.1 mole
1 Original thesis submitted July, 1938. Doctoral thesis number 480.
•Pope and Peachey, J. Chem. Soc., 95: 571 (1909); Proc. Chem. Soc., 23: 86 (1907).
' Champetier, Bull. soc. chim., [ 4] 47: 113 (1930) . Job and Reich, Compt. rend.,
174: 1358 (1922); Bull. soc. chim., 32: 1390 (1922).
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of ferrous iodide in ether produced 575 ml. of gas which analyses indicated as a mixture of ethylene, ethane, and butane. Hydrolysis of the
reaction gave a mixture of ferrous hydroxide and zinc hydroxide which
contained 39.4 per cent of ferrous hydroxide and 60.6 per cent zinc hydroxide.
Tetraethyllead reduces ferric chloride promptly and completely to
ferrous chloride.
Ferrous iodide reacts promptly with tri-p-anisyllead in ether-benzene
solution with precipitation of lead iodide and tetra-p-anisyllead. Hydrolysis of the solution gives a mixture of organolead compounds consisting
chiefly of di-p-anisyllead diiodide. No evidence of an organoiron compound in the reaction mixture is obtained. The reaction proceeds in the
same manner in the presence of iron powder.
Cobaltous bromide gives a 20 per cent yield of bimesityl when reacted with 2,4,6-trimethylphenylmagnesium bromide.
Phenylmagnesium iodide reacts with ferrous chloride, cobaltous
bromide, nickelous bromide, ruthenium trichloride, rhodium trichloride,
and palladium chloride in an ether-benzene solution at -10° C. with the
formation of metal and biphenyl in quantitative yields. Osmium trichloride under the same conditions produces biphenyl in a 53 per cent
yield. No organoosmium compound is isolated. Iridium trichloride reacts very slowly with phenylmagnesium iodide to produce a 28 per cent
yield of biphenyl. A small amount of an amorphous brown solid is obtained which burns leaving a residue of iridium metal. Ten equivalents
of phenylmagnesium iodide are required to produce a solution which
persists in giving a color test in the reaction of phenylmagnesium iodide
with anhydrous platinic chloride. An insoluble white complex is formed
which generates an amorphous, brown, organic, platinum and iodine containing solid on hydrolysis. This solid consists of a mixture of phenylplatinum compounds from which no individual compounds have been isolated. This solid is only slightly soluble in benzene, alcohol, or chloroform.
It is readily soluble in dioxane. Various fractions are obtained which
vary in platinum content from 30.3 per cent to 47.8 per cent.
Methylmagnesium iodide reacts with platinous chloride with the
formation of a difficultly coluble, amorphous, brown powder. Analysis
of this substance corresponds to the calculated value for dimethylplatinum
diiodide.
a-Napthylmagnesium bromide reacts with platinous chloride with
the formation of di-a-naphthalplatinum. This substance is obtained as a
brown powder which is very soluble in benzene or chloroform. It is very
slightly soluble in alcohol, ether, or petroleum ether (b. p., 60-68°). Di-anaphthylplatinum acts as a condensing agent for the preparation of 2,4-dimethylbenzophenone from benzoyl bromide and m-xylene. Platinic chloride also acts as a condensing agent for this reaction. The yields of 2, 4-dimethylbenzophenone are 70 to 80 per cent of theoretical, with only a very
small amount of platinum compound being required.
The reaction of methylmagnesium iodide with anhydrous platinic
chloride gives 40 per cent yields of trimethylplatinum iodide. A trace of
tetramethylplatinum is also formed in the reaction. The remainder of
the reaction products consists of a mixture of highly iodinated compounds.
A small amount of a black crystalline material is obtained which is soluble in water and ethyl acetate. Analyses for platinum and iodine indi-
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cate that this compound is methylplatinum pentaiodide. Amorphous,
difficultly soluble, materials corresponding in platinum and iodide content to dimethylplatinum diiodide and methylplatinum triiodide are obtained.
Hexamethyldiplatinum results by the action of metallic potassium on
trimethylplatinum iodide in boiling benzene. Hexamethyldiplatinum is a
colorless, crystalline solid which is easily soluble in ether, acetone, or
benzene. It explodes sharply on heating. It reacts with iodine in ether to
give trimethylplatinum iodide.
Tetramethylplatinum is obtained from trimethylplatinum iodide and
methylsodium in hexane. Tetramethylplatinum is a colorless solid which
is readily soluble in benzene, acetone, ether, and petroleum ether (b. p.
60-68°). This compound is unaffected in twenty-four hours by iodine in
boiling chloroform. Hydrogen chloride cleaves tetramethylplatinum to
trimethylplatinum chloride on heating for fifteen to twenty minutes in
boiling petroleum ether (b. p., 60-68°).
None of the platinum compounds obtained have melting points.

THE CONDUCTANCE OF SOLUTIONS OF ORGANOSUBSTITUTED
AMMONIUM CHLORIDES IN LIQUID HYDROGEN SULFIDE1
EDGAR ELWYN LINEKEN

From the Department of Chemistry, Iowa State College
Received July 19, 1939

Organic ammonium salts were found to form conducting solutions in
liquid hydrides of phosphorus, sulfur, and the halogens by Mcintosh and
Steele (3) and in liquid hydrides of the halogens and sulfur by Steele,
Mcintosh and Archibald (7). Antony and Magri (1) have reported that
solutions of tetramethylammonium iodide in liquid hydrogen sulfide conduct. Quam and Wilkinson (5) have reported the conductances of solutions of methylammonium, dimethylammonium, and triethylammonium
chlorides at a number of different concentrations in liquid hydrogen sulfide. Their work shows distinctly the increased conductance of solutions
of substituted ammonium chlorides as the number of the substituents increases. Their report indicates also an increased molecular conductance
with increasing concentration.
THE INVESTIGATION

Conductance measurements were made on solutions of mono-, di-,
tri-, and tetramethylammonium chlorides and the corresponding ethyl
and n-propyl compounds dissolved in pure liquid hydrogen sulfide maintained at constant temperature with a mixture of solid carbon dioxide and
ether. The conductance bridge used was designed according to that described by Shedlovsky (6) using 5000-ohm ratio arms. Wire wound resistors were used in measuring high resistances up to 106 ohms. Resistances above 106 ohms were calculated from the measured parallel resistance of the conductance cell and a resistor. The 5000-ohm ratio arms
were replaced by a Kohlrausch slide wire when measuring resistances
below 500 ohms.
The molecular conductances A shown in table 1 are those read at the
concentrations indicated from molecular conductance-square root of
of concentration plots for the several compounds.
Table 1 shows that the propylsubstituted compounds conduct better
than the corresponding ethyl compounds and that they in turn conduct
better than the corresponding methyl compounds. The only exception to
this statement is that triethylammonium chloride shows higher values at
low concentrations than those for tripropylammonium chloride. The

' Original thesis submitted March, 1939. Doctoral thesis number 508.
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TABLE 1. Molecular conductances at selected concentrations
xx10•

c

(C,lI,) , NCl

(C,H,.) , NCl

(CH,) , NCl

.09
.04
.01
.0064
.0036
.0016
.0004

58,000
32,000
31,000
34,000
42,000
72,000

39,000
21,000
20,000
21,000
27,000
47,000

19,000
12,000
13,000
15,000
18,000
27,000*

c

(C,H,).NHCl

.09
.04
.01
.0064
.0036
.0016
.0004

2,300
1,300
700
660
640
640
690

c
.09
.04
.01
.0064
.0036
.0016
.0004

c
.09
.04
.01
.0064
.0036
.0016
.0004

(C.11,).NH,Cl
538

63
82
113
182

C,H,NH.Cl

>

5.4
6.0
7.1
8.8
15

(C,H. ).NHCl

(CH,).NHCl

1,840
880
560
570
620
740
1,100

840
350
160
120
140
150
150

(C,H,.) ,NH,Cl

(CHa).NH,Cl

40
43
51
72
132

47
29
23
22
22
32
60

C,H,NH.Cl

CH.NH.Cl

.7
.9
1.2
1.4

• Estimated by graphical interpolation

tetrasubstituted compounds conduct much better than the trisubstituted
compounds which in turn conduct better than the disubstituted compounds and the monosubstituted compounds yield the poorest conducting
solutions. In fact no evidence for conduction was found for methylammonium chloride. Quam and Wilkinson (5) found that solutions of
methylammonium chloride did conduct the current.
The compounds show in general an increasing conductance both in
more dilute and in more concentrated solutions. Those which do not, the
monosubstituted salts and dipropyl- and diethylammonium chlorides
would be expected to have increasing conductance in more concentrated
solutions.
INTERPRETATION OF RESULTS

Approximate values of the limiting conductances of the di-, tri-, and
tetrasubstituted compounds were estimated using Walden's rule (9, 10).
According to Walden's rule, the product of the limiting conductance of the
solute and the viscosity of the solvent is constant for a given electrolyte.
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The limiting conductance values of Moore and Winmill (4) in water at
25° were used in this calculation for the di- and trisubstituted compounds.
Walden (9) has calculated the product of limiting conductance by viscosity for the tetrasubstituted iodides and has shown (8) that the product
for the iodide ion is 0.009 unit larger than for the chloride ion.
The dissociation constant K for each salt was calculated by use of
Ostwald's dilution law:
K

=~
(£2), where C is the concentration, cr is the fraction
1 - cr

dissociated, and f is the activity coefficient for the ions. Dissociation is so
slight for these compounds that 1 - cr is negligibly less than one. Assuming that f equals one,
K = Ccr2•
.
. eqmva
. 1ent to -'). ,
S mce cr is
'Ao

The dissociation constant K calculated from values of Aat a concentration of 4 X 10-4 mols per liter are shown in table 2.
TABLE 2. Dissociatian canstants
R2NH2Cl ...... .
RaNHCl ...... .
R.NCl ........ .

R=methyl
.22X10-a
.12x10-u
.91xlO-'

R= ethyl
1.1X10-u
8.3x10-ll
3.1x10-'

R=propyl
2.4xl0-22
3.Sxlo-u
9.3x10-'

These dissociation constants are probably not very accurate. However, the relative order of magnitude of each value is probably correct.
It should be noted that a large increase in dissociation occurs upon replacing the last hydrogen of the ammonium ion with an alkyl group.
Kraus (2) has called attention to this effect in solvents having no great
affinity for the proton and he attributes it to "what is called a hydrogen
bond."
CONCLUSIONS

1. Organosubstituted ammonium chlorides form solutions in liquid
hydrogen sulfide which conduct the electric current.
2. Increasing the size of the substituted ammonium ion by changing
the substituent from methyl to ethyl to propyl groups increases the conductance of their solutions but not greatly. One exception to this statement was found. Triethylammonium chloride in solutions more dilute
than 0.0036 molar forms solutions having higher molecular conductances
than solutions of tripropylammonium chloride in the same concentration
range. No explanation for this exception is offered.
3. Increasing the number of substituents in the ammonium ion increases the conductance significantly. The increase is especially marked
on substituting the last hydrogen of the ammonium ion.
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In recent years improvements in the preparation of long-chained aliphatic compounds starting from normal aliphatic acids such as !auric and
stearic acids have made a number of compounds readily available for
further investigation. Among these, are alcohols 2 , acid chlorides, and
nitriles8 • This thesis has been concerned with reactions of compounds of
these types,
Lauronitrile on treatment with phenylethyllithium amide
(C 6 H 5 N C 2 H 5 ) Li, 4 gave 2-n-decyl-3-iminomyristonit!rile,
CN
I
C11H 23C-CHC10H21 (b. p. 230-235°/ 3 mm.), which on hydrolysis with
II
HN
concentrated sulfuric acid gave 2-n-decyl-3-ketomyristamide, (m. p. 1141150). On treating this amide with alcoholic potassium hydroxide laurone was obtained. Hydrolysis of the ~-imino-nitrile with alcoholic hydrogen chloride gave 2-n-decyl-3-ketomyristonitrile (m. p. 44-45°).
Under exactly the same conditions as with lauronitrile, stearonitrile
C16Has
I
gave 2-n-hexadecyl-3-iminoarachidonitrile, C 17H 35C-CHCN (m.p. 54-55°)
II
HN
and on treatment with concentrated sulfuric acid 2-n-hexadecyl-3-ketoarachidamide (m. p. 114-115°) resulted. Hydrolysis of the amide gave
stearone. With alcoholic hydrogen chloride 2-n-hexadecyl-3-ketoarachidonitrile (m. p. 68-69°) was formed.
A series of thioamides was prepared by the thiohydrolysis of the even
numbered carbon atom nitriles from lauronitrile to stearonitrile. The
compounds prepared were: thiolauramide (m. p. 82-83°), thiomyristamide (m. p. 87-88°), thiopalmitamide (m. p. 93-94°) and thiostearamide
(m. p. 96-97°).
By the Fries rearrangement of p-phenylphenyl stearate,
C 6H5 C 6~0CC 17 H35 , (m. p. 73-74°) two products were obtained;
II
0
p-(p-hydroxylphenyl) stearophenone, HOC6H4C6~C~11Hs5 (m. p. 1410
142°) and 2-hydroxy-5-phenylstearophenone, (C 6H 5 C 6H40H) ~C11Has,
0
(m. p. 63-64 °). Methylation of these products with dimethyl sulfate gave,
Original thesis submitted July, 1938. Doctoral thesis number 481.
• Adkins, "Reactions of Hydrogen," University of Wisconsin Press, Madison (1937).
' Raston, Harwood, and Poole, J . Am. Chem. Soc., 59: 987 (1937).
• Ziegler, Eberle, and Ohlinger, Ann., 504: 94 (1933) .
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p- (p-methoxyphenyl) stearophenone (m. p. 116-117°) and 2-methoxy-

5-phenylstearophenone (m. p. 53-54°). On oxidation, p-(p-methoxyphenyl) stearophenone gave terephthalic acid; identified as its dimethyl
ester. The interaction of 4-methoxy-3-biphenylmagnesium bromide and
stearonitrile gave 2-methoxy-5-phenylstearophenone. A Friedel-Crafts
reaction between stearoyl chloride and 4-methoxybiphenyl gave p-(pmethoxyphenyl) stearophenone, which was identical with the product obtained from the Fries rearrangement after methylation.
The interaction of ~-napthylmagnesium bromide and stearonitrile
formed ~-stearoylnapthalene (m.p. 65-66° ). p-Biphenyllithium and stearonitrile gave p-phenylstearophenone, C 6H 5C 6H 5CC17H 35 , (m.p. 108-109°) .
II
0
2-Nonacosanone, CH3 CC17H 35 , (m. p. 55-56°) was obtained from
II
0
methylmagnesium bromide and stearonitrile.
A Friedel-Crafts reaction between stearoyl chloride and biphenyl,
and stearoyl chloride and diphenyl ether, gave p-phenylstearophenone
and p-phenoxystearophenone (m. p. 62-63°), respectively.
Sulfonation of p-phenylstearophenone formed 4'-stearoyl-4-biphenylsulfonic acid, HS03C 6HiC6H 4CC 17H 35 , (m.p. 142-145°) which on oxidation
II
0
gave 4'-sulfo-4-biphenylcarboxylic acid, HS03C 6 H 4C 6H 4C02H, (m. p. of
p-toluidine salt, 288-289°). Sulfonation of 4-biphenylcarboxylic acid gave
the same sulfonic acid, 4'-sulfo-4-biphenylcarboxylic acid, which on fusion
with potassium hydroxide gave 4'-hydroxy-4-biphenlcarboxylic acid. 5 Decarboxylation of this acid resulted in the formation of p-phenylphenol
(mixed m . p.). With chlorosulfonic acid, p-phenyl-stearophenone gave a
trisulfonic acid. On oxidation, 4'-sulfo-4-biphenylcarboxylic acid was obtained.
4-stearoylphenoxybenzenesulfonic acid, HSOaC6H4OC6H4CC11Ha5,
II
0
(m. p. 95-98°) was obtained by sulfonation of p-phenoxystearophenone.
Oxidation with dilute nitric acid formed 4-sulfo-phenoxybenzenesulfonic
acid, HS03 C 6H 40C6HiC0 2H, (m. p. of p-toluidine salt 266-267°) which
on fusion with potassium hydroxide gave p-hydroxybenzoic acid.
Hydrogenation of lauro- and stearonitriles with Adkins' copperchromium oxide6 catalyst gave di-n-dodecylamine ( m. p. 52-53°) and din-octadecylamine (m. p. 73-74° ), respectively.
n-Dodecyl- and n-octadecyl chlorides were obtained from n-dodecanol
and n-octadecanol with thionyl chloride. On heating one mole of n-dodecyl chloride with two moles of di-n-dodecylamine, tri-n-dodecylamine
was obtained (m. p. of hydrochloride 78-79°). Using the same procedure,
tri-n-octadecylamine (m. p. 54-55°) was obtained from n-octadecyl
chloride and di-n-octadecylamine. The hydrochloride (m. p. 96-97°) was
obtained from the free amine.
Laurone and stearone were synthesized by heating lauric and stearic
acids, respectively, with iron powder. 7 The reduction of myristone and
stearone with sodium and n-butyl alcohol gave the secondary alcohols,
• Fieser and Bradsher, J. Am. Chem· Soc., 58: 1738 (1936) .
•Adkins, ibid., 54: 1138 (1932) .
'Easterfield and Taylor, J . Chem. Soc., 99: 2298 (1911).
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14-heptacosanol and 18-pentatriacontanol, respectively. 18-Iodopentatriacontane (m. p. 43.5-45°) was obtained from 18-pentatriacontanol. Attempts to synthesize s-tetra-n-heptadecylethane from 18-iodopentratriacontane were unsuccessful. By the reduction of 18-iodopentatriacontane, n-pentatriacontane was obtained. Only a 22 per cent yield of ntetracosane resulted from the treatment of n-dodecylmagnesium bromide
with cupric chloride.
n-Octadecyl bromide was obtained from n-octadecanol, aqueous
hydrobromic acid and concentrated sulfuric acid in 87 per cent yields.
The reaction of n-dodecylmagnesium bromide with laurone gave 12-nC12H25
I
dodecyltricosan-12-ol, C 11H 23CC 11H 23 , (b. p. 270-275°/2 mm.). The inter1
OH
action of n-octadecylmagnesium bromide and stearone gave l8-n-octaC1sHa1
I
decylpentatriacontan-18-ol, C 17H 35 CC17H 35 , (m. p. 58-59°). n-OctadecylOH
magnesium chloride was synthesized in 64 per cent yield from n-octadecyl
chloride. Apparently, there was much less coupling product present (npentatriacontane) than with n-octadecylmagnesium bromide. 18-n-Octadecylpentatriacontan-18-ol was obtained in 86 per cent yield from stearone
and n-octadecylmagnesium chloride.
18-n-Octadecylpentatriacontan-18-ol yielded 18-iodo-18-n-octadecylpentatriacontane (m. p. 29-32°) on treatment with phosphorus and
iodine. An attempt to couple the iodide in a Wurtz reaction gave an unsaturated mixture (m. p, 40-42°). It was considered to be the disproportionation products, 18-octadecylpentatriacontane and 18-octadecylpentatriacontene. Dehydration of 18-n-octadecylpentatriacontan-18-ol with ptoluenesulfonic acid yielded 18-n-octadecylpentatriacontenes (m. p. 42440), which was possibly a mixture of olefins. 18-n-Octadecylpentatriacontane (m. p. 45-46°) was obtained by the reduction of 18-iodo-18-noctadecylpentatriacontane with zinc and hydrogen chloride in acetic acid.
No differences were observed between the preparation and reactions
of the compounds mentioned above, in comparison with other members of
a shorter chain normal aliphatic series.
1

)
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BREAKDOWN POTENTIALS OF GASES UNDER ALTERNATING
VOLTAGES
D.

OREN

McCoy

From the Department of Physics, Iowa State College
Received July 19, 1939

This investigation was devoted to a study of the starting potentials
of gases of commercial purity for frequencies less than one million cycles
per second. The gases used were hydrogen, nitrogen, helium and argon.
The discharge tube was of spherical design having spherical alumnium
electrodes three-fourths inch in diameter. Five gap distances were used
ranging from 10 m.m. to 50 m.m.
Two methods were used to generate the A. C. voltages. The first consisted of amplifying standard frequency signals received from a primary
frequency standard available in the laboratory. This method was used
to generate voltages of one thousand, ten thousand, and one hundred
thousand cycles per second.
Because the amount of one megacycle energy available from the frequency standard was very small it was decided to generate the necessary
voltage with a local oscillator tuned to synchronism with the standard.
This oscillator consisted of a WE211E vacuum tube in a standard tunedplate-tuned-grid circuit.
The method of measuring the excitation voltage consisted of rectifying the voltage and charging a condenser to its peak value. The voltage
across the condenser was easily read with a high resistance direct current
voltmeter. Half wave rectification was used on all frequencies up to one
hundred thousand cycles. The meter under these conditions read the
peak value of the voltage applied to the discharge tube. In order to avoid
capacity effects to ground at one megacycle full wave rectification was
used. The meter under this condition read one-half the voltage applied
to the discharge tube.
A sample of the gas was placed in the system to a pressure that would
give a starting potential of the order of 1000 volts. The pressure was then
reduced by small intervals and a voltage reading taken at each pressure.
This procedure was continued until the pressure was so low that the 1000
volts available was not sufficient to start the discharge. The starting potential was obtained by slowly increasing the potential and observing the
voltage at the point of breakdown. A second sample was then admitted
and the above procedure repeated. It was originally planned to repeat
this procedure a third time but it was found that the points obtained from
the second sample were in such good agreement with those of the first
that it was decided to omit the third run. This procedure was repeated
for the five gap distances.
The above procedure was repeated for each of the four gases hydrogen, nitrogen, helium and argon; and for each of the four frequencies one
thousand, ten thousand, one hundred thousand, and one million cycles
per second.
' Original thesis submitted July, 1938. Doctoral thesis number 484.
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The curves of the starting potential versus the pressure show that
there is a definite tendency for the usual straight line portion to be concave downward. J. Thomson's theory (1) results in the following expression for plane parallel electrodes
B
V.=Ax+x

where x is a number proportional to the mean free path of an electron.
By multiplying this expression by x-i one obtains an expression that will
yield a curve similar to those obtained. It was sought, without avail, for
a justification of this term. It is believed that the type of electrodes used
might explain this effect.
Curves of the starting potential versus the logarithm of the frequency
were plotted. It appears that there is a definite decrease in the starting
potential for frequencies of approximately one million cycles per second.
An explanation for this was not obtained although a theory based on
the assumption that an electron makes a large number of collisions
throughout its travels for one-half cycle gives a fair check on the order
of magnitude.
Curves of the logarithm of the pressure versus the logarithm of the
gap distance for each gas at each of the four frequencies were plotted.
This method of representing the data was suggested by Slepian (2). On
this basis one obtains parallel lines provided the starting potential is a
function of the product of the pressure and the electrode separation. For
gap distances less than about 32 m.m. the curves rapidly approach parallel straight lines having the same slope. The trend for larger gap distances
is definitely concave upward.
If Paschen's law holds for plane parallel electrodes only, one would
expect to obtain parallel lines of slope equal to -1.
Recognizing the fact that the field strength produced by spherical
electrodes, averaged throughout the path of a particular line of force, is,
in general, less for a given electrode separation than it would be for plane
parallel electrodes, one would expect the starting potential to be larger
for the spherical electrodes. This statement is true provided an electron,
in one-half cycle, travels a distance comparable to the dimensions of the
tube. This explains the concave upward property of the curves and suggests that, as the gap distance becomes smaller, the conditions of the discharge approach those of the plane parallel electrodes. The curves all
approach the same slope for small gap distances, thus suggesting that the
same relations hold for all the gases at all the frequencies used.
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A systematic study was made on the relationship between structure
and toxicity to insects of a series of alpha-substituted quinolines and
tetrahydroquinolines.
The quinolines were synthesized by treating quinoline or quinaldine
with organometallic compounds such as RMgX and RM. Reduction to
the corresponding tetrahydroquinolines was achieved by means of metallic sodium in boiling ethyl alcohol.
The ionization constants of the reduced bases were determined in
absolute methyl alcohol using the hydrogen electrode in a manner analogous to that used by Goodhue 2. The constants found showed that the
electron-sharing ability functions developed by Hixon and Johns 8 and coworkers2• 4 can be extended to include the quinoline nucleus.
For the toxicity work the common firebrat, Thermobia domestica
(Pack.), was chosen. The apparatus of Tattersfield as modified by Craig
and Richardson~ was used. For the spraying chamber a bell jar was arranged fitted with an atomizer located in the top and centered to direct
its spray into a 10 cm. crystallizing dish containing the test insects.
Samples of ten insects were sprayed with varying concentrations of the
bases dissolved in a 75 per cent acetone-water mixture. The use of acetone
eliminated the use of a spreader and controls run on this solvent showed
no mortalities.
Stock solutions of 4 per cent, expressed as grams per 100 cc., were
made up and these were diluted for the lower concentrations. Near the
center of the mortality curves five or six samples were sprayed while the
extremities of the curve were located by spraying in triplicate or duplicate. Mortality counts were made at the end of 48 hours and all paralyzed insects were counted as dead. The concentrations giving 50 per
cent mortality were determined by drawing eye-fitted curves through the
data plotted on log-probability paper.
The substituted tetrahydroquinolines were more toxic than the corresponding quinolines in every case except one. The one exception was
a-n-butylquinoline and this compound was the most toxic one tested,
either reduced or unreduced. No explanation was apparent for this and
the unusual toxicity did not extend further along the series to the next
member, a-n-amylquinoline.
No simple relation existed between the ionization constants and the
toxicities of the tetrahydroquinolines. The deviations could not be exOriginal thesis submitted July, 1939. Doctoral thesis number 527.
Goodhue and Hixon, J. Am. Chem. Soc., 56: 1329 (1934).
' Hixon and Johns, ibid., 49:1786 (1927).
' Starr, Bulbrook, and Hixon, J. Am. Chem. Soc., 54: 3971 (1932)
' Craig and Richardson, Iowa State Coll. J. Sci., 7: 477 (1933).
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plained by the variances in the physical properties of the bases and it
appeared that a combination of factors was responsible for the results obtained.
The results are summarized in table 1 for the tetrahydroquinolines.
The concentrations giving 50 per cent mortality are compared with the
ionization constants as well as with the boiling points of the free bases.
TABLE 1. Compariscm of toxicities to Thermobia domestica of some alpha-substituted
tetrahydroquinolines with their physical constants

Tetrahydroquinolines

Approximate concentration
giving 50 per cent mortality
gm./100 cc.
Molar
of solution
concentration

Ionization
constant
in methanol

Boiling
point

.......
a-ethyl ..........
a-methyl ... .....

1.3

.069

.813x 10-11

138°/6mm.

1.2

.o75

1.31 x 10-11

110-3 °/ 5 mm.

1.5

.102

1.22 x 10-11

125°/ 17mm.

a-H

1.15

.087

1.23 x 10-11

126°/18mm.

a-n-butyl

.............

a-p-tolyl

........

2.30

.103

1.11X10-u

210-2° /14 mm.

a-phenyl

........

1.85

.089

.653 xlo-u

196°/8mm.

a-o-tolyl

.... .. ..

1.90

.085

.645 xlo-u

200-2° / 6 mm.
(m.p.-690)

a-mesityl

........

1.90

.076

1.20

X

10-u

218°/6mm.

FINITE STRAIN ANALYSIS IN ELASTIC THEORY1
DoNALD HILL ROCK

From the Department of Mathematics, Iowa State College
Received July 19, 1939

In the elementary mathematical theory of elasticity only those terms
are retained in the expressions for the unit strains which are linear in the
space derivatives of the displacement vector. When terms involving
squares or products of the derivatives are also retained the strains are
termed "finite". The author treats the stability of the clamped thin circular plate with edge loading and the bending of the clamped moderately
thick circular plate under normal loading for the case of finite strains.
The stability problem for the clamped circular plate begins with the
decomposition of the v.Karman (1) non-linear differential equations into
two systems of ordinary differential equations by means of parameter expansions of the slope and radial membrane stress functions. This constitutes an approximation method for solving the non-linear problem. The
first set of equations yields the elementary solution of the problem. The
edge loading for the higher approximations is found to depend on a result
due to Mason (2) on the exceptional case in characteristic boundary
value problems. On the second approximation the membrane stress is
found to decrease at the center and increase at the edge of the plate while
the slope function is determined up to two indefinite integrals which remain unintegrated. The indeterminacy resulting in the exceptional case
is to be removed by minimizing the problem when put in the variational
form.
A method of Garabedian (3) is used to derive the differential equation
of bending for the moderately thick circular plate with finite strains. A
parameter expansion of the displacements results in sequences of equilibrium equations and surface traction conditions which are ordered in the
parameter. If the equilibrium equations are integrated one by one and
the corresponding surface traction conditions applied and this repeated a
sufficient number of times, it is possible to obtain a non-linear differential
equation for the first order term in the deflection of the middle surface
of the plate. Repetition of this process yields the differential equation
for the second term, etc.
The first differential equation is solved for the clamped plate. It is
found that the loading must be of the order of 10 2 as compared to the
order of 101 in the case of the thin plate before any significant deviation
from the elementary solution for the deflection is noted. The distinction
between the two cases is due to the fact that the v.Karman equations for
the thin plate, although the vertical shear is neglected, take account of
the lifting effect of the membrane stresses. On the other hand the equations for the moderately thick plate do not include the membrane stress
effect and the deviation from the elementary solution is due entirely to
the non-linear character of the strains when expressed in terms of the derivatives of the displacements.
1

Original thesis submitted June, 1939. Doctoral thesis nwnber 517.
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SOME STUDIES ON SWINE INFLUENZA1
I. COMPARATIVE STUDY OF HEMOPHILUS INFLUENZAE SUIS
AND HEMOPHILUS INFLUENZAE
II. ANTIBODY RESPONSE TO EXPERIMENTAL SWINE
INFLUENZA
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ROSENBUSCH
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I. COMPARATIVE STUDY OF HEMOPHILUS INFLUENZAE SUIS AND
HEMOPHILUS INFLUENZAE

The present report represents the second study of the relationships
and differences existing between Hemophilus influenzae suis Lewis and
Shope, 1931, and Hemophilus influenzae Pfeiffer, 1892. A previous comparative study by Lewis and Shope (1) had established a similarity between these two organisms on the basis of their morphology, growth and
biologic characteristics, as well as cross-agglutination results with immune
sera of relatively low agglutination titres. The present experiments were
performed on 14 swine and 10 human strains of the organisms, using 12
carbohydrates and alcohols for fermentation studies and 8 rabbit immune
sera for cross-agglutination and agglutinin-absorption studies. In addition, the production of indol and the cultural and morphologic characteristics of the organisms were studied as other possible means of differentiation.
The carbohydrate and alcohol fermentation results with the use of a
basal medium containing a chocolate peptic-digest beef broth medium
with Andrade's indicator established a distinct difference between the
swine and human organisms. All of the swine strains fermented maltose
and to a certain extent saccharose while the human strains failed to do so,
with one exception. On the other hand, most of the human strains fermentxylose, dextrose, and galactose, which were not fermented by the swine
organisms, with the exception of two strains, one of which fermented dextrose and the other galactose. One of the human strains studied behaved
quite differently in that it actively fermented dextrose, maltose, saccharose, and galactose.
Indol was not produced by any of the swine strains, while 50 per cent
of the human strains were indol positive, which agrees with the usual
percentage figures given in the literature. No other physiologic, cultural
or morphologic differences of importance were observed between the two
organisms.
Serologically, the differences between the human and swine organisms were not as clear-cut as those of the biochemic results, but the crossagglutination results gave sufficient qualitative, and in some cases, quantitative titre differences, to allow the segregation of these organisms into
separate types. Wherever these differences were not sufficiently marked,
the cross-agglutination results on the homologously absorbed sera estab1

Original thesis submitted October, 1938. Doctoral thesis number 491.
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lished these agglutination titres as mainly of a secondary antigenic nature, demonstrating thereby the basic differentiation of the swine organisms, as a group, from the human organisms. Still, the cross-agglutination
titres occurring between the human and swine strains proved that the
two organisms were rather closely related.
By the cross-agglutination study of the homologously absorbed sera,
the swine organisms were shown to form two subgroups, but the significance of this finding could not be determined since it could not be correlated to any other of the characteristics studied.
A distinct individuality in serologic behavior could be observed between all of the organisms but these differences were considerably smaller
within the strains of swine origin. This relatively close relationship of
the swine strains was attributed to the high degree of hyperimmunization
of the rabbits providing the immune sera, which probably caused a loss
in specificity due to secondary antigen effects.
II. THE ANTIBODY RESPONSE OF SWINE TO EXPERIMENTAL SWINE
INFLUENZA

Following the work of Andrews, Laidlaw and Smith (2) and Shope
(3) who were able to transmit the human and swine influenza viruses to
mice, this animal has become the most important means of studying the
immunity response of both human and swine influenza. In the present
study, the mouse was used routinely in the determination of the presence
or concentration of neutralizing antibodies in the blood-serum of swine
infected with the swine influenza virus or with the swine influenza virus
and the Hemophilus influenzae suis organism. Previous to this time several individual and often incomplete reports had been given on the "neutralizing-antibody" response to human influenza. In this disease, antibodies had been shown to make their first appearance sometime after
the third or by the seventh day, reaching their highest levels by the fourteenth or twenty-first days, and showing a decrease by the forty-fourth
to the eighty-first days, if the maximum titres were high. The average
values of the antibody titres of human patients at the beginning, or acute
stage, of the disease were 1: 21, those at convalescence were 1: 305, while
five months after infection the titres were 1: 162.
The results of the successive neutralizing-antibody titrations with
swine sera from animals infected with experimental swine influenza or
the "filtrate disease" indicated that these antibodies made their first appearance at, more or less, the seventh day after infection. The titres increased rapidly after that time, reaching their maximum values at the
fourteenth to the twenty-seventh days, showing a tendency to decrease
by the eighty-fourth day, in one of the sera tested. The swine which developed an attack of typical swine influenza, with temperatures of 40° to
41.6° C. and a severe cough and labored respiration, showed a disappearance of these symptoms coinciding rather closely with the appearance of
antibodies.
The two animals with the milder "filtrate-type of disease", with the
absence of temperature and the presence of only the mildest symptoms
for the first two days of the infection, showed the antibodies making their
first appearance sometime between the seventh and tenth day. Maximum
titres were not attained until the twenty-seventh day, which was some-
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what later than for the animals having had a typical attack of swine influenza.
The time required for these antibodies to reach maximum levels and
the heighth of these titres were otherwise quite individual with the six
animals tested in this experiment. The average antibody titre for the
five animals tested for more than eleven days was 1: 108.
In comparison to the human influenza literature, the antibody response of swine to the disease provided an additional factor establishing
the similarity of the two diseases and of their etiologic agents.
1. LEWIS, P. A., and R. E. SHOPE
1931. Swine influenza. A hemophilic bacillus from the respiratory tract of
infected swine. Jour. Exp. Med., 54:361-371.
2. ANDREWS, C.H., P. P. LAIDLAW, and W. SMITH
1934. The susceptibility of mice to the viruses of human and swine influenza.
· The Lancet, 237: 859-862 (Part 2) .
3. SHOPE, R. E.
1935. The infection of mice with swine influenza virus. Jour. Exp. Med.,
62: 561-572.
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RELATION BETWEEN THE FREE ENERGY OF SOIL WATER AND
THE MOISTURE CONTENT OF THE SOIL1
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During recent years it has become increasingly clear that the security with which water is held by soil can be measured and expressed in
energy units. Such measurements are useful in characterizing soil moisture and are applicable to dynamic as well as static moisture systems. The
moisture-energy relations of four Iowa soils ranging in texture from a
fine sand to a silty clay have been investigated from saturation to oven
dryness.
Porous ceramic cells were used for studying the sorption curves below pF 3.0 Soils of known volume weight were placed in double-walled
porous pots and the equilibrium soil moisture contents at various soil
moisture tensions were determined. Hysteresis effects caused the sorption curves to be displaced somewhat from the desorption curves.
Desorption surves were obtained for the Marshall silt loam and the
Clarion sandy loam by plotting the moisture content of soil samples taken
next to field tensiometers against the tensiometer readings. It was found
that the sorption curves for Marshall silt loam are not significantly different at the six and twelve-inch depths. Similar curves for the Clarion
sandy loam show that the coarse texture at the twelve-inch depth causes
the moisture sorption curve for that depth to lie in a lower moisture
range than the curve obtained from the six-inch installations.
Equilibrium moisture contents at pF values below 1.2 were obtained
by placing soil samples on quartz sand columns that were in contact with
a water table at a known distance below the soil sample. The lower end
of the desorption curve can be used in characterizing the equivalent poresize distribution in undisturbed soil samples since the shape of the curve
is related to the proportion of pores that are emptied as the pF increases.
A centrifuge technique was developed for studying the desorption
curve between pF 3.0 and 4.2. A 5 mm. soil column was placed on the
upper end of an inverted porous cup that was in contact with a water table
at a known distance below the soil sample in a centrifugal field. The relation between the capillary potential, 'lj!, and the centrifugal field force, rw2 ,
.
dtjJ
is given by the equat10n - - rw2 in which r is the radial distance
dr
from the axis of rotation and w is the angular acceleration. Since at the
water table r = r 1 and 'lj! = 'ljJ1 = 0, the value of tjJ at the center of the soil

=

column where r

=r

2

2

is 'ljJ2

=~

(r 2 2 - r 21). The desorption moisture

content of each of the four soils was obtained at several values of 'V be'Original thesis submitted June, 1939. Doctoral thesis number 511.
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tween pF 2.85 and 4.25 by using different values for r 1 , r 2 and w. At pF 3.33
soil samples reached equilibrium moisture content after two hours of
centrifugation whereas eight to ten hours were necessary at pF 3.98. The
rate of approach to moisture equilibrium can probably be increased by
changing the design of the inverted porous cup.
The moisture sorption curves were established by a vapor pressure
technique over the range of moisture contents between oven dryness and
the wilting point. Soil samples were allowed to reach a moisture equilibrium in evacuated constant temperature desiccators containing sulfuric
acid solutions of known concentrations. The pF of the soil water was calculated from the aqueous vapor pressure of the acid solutions. A hysteresis effect that has been observed at lower pF values extends to the drier
portions of the sorption curves and amounts to ten to fifteen per cent of
the desorption moisture content between pF 4.5 and 6.0. By extrapolating
the desorption curves it was found that they intersect the pF axis at
7.00-+- 0.02 which corresponds to a relative humidity of 0.081 per cent at
25° C. and to a relative humidity of 0.40 per cent at 110° C.
Data obtained by the different experimental techniques were found
to be in close agreement and were summarized in the form of complete
desorption curves for each of the soils. The relations between the moisture content and the pF is expressed by the following empirical equations.
Dickinson fine sand ..............
Clarion sandy loam ..............
Marshall silt loam ..................
Wabash silty clay ..................

pF =
pF =
pF =
pF =

7.0 7.0 7.0 7.0 -

+ 0.0420
+ 0.0100
0.260 + 0.00320
0.170 + 0.00120
0.870
0.440

2
2

2
2

It was found that the desorption equations for the individual soils
could be derived from the following generalized equation

- 70

pF -

.

0.530
-P.W.P.
-3.30
- +(P.W.P.)
-2

2

The pF at the permanent wilting percentage of the four soils studied
decreases as the soil texture becomes finer and may be expressed by the
equation.
pF jP.w.P. = 4.40 - 0.02 P.W.P.
Although it does not represent an equilibrium moisture content the
hygroscopic coefficient was found to correspond to an approximately
constant pF. For the four soils studied the pF at the hygroscopic coefficient was 4.54 -+- 0.10.
By assuming that the outer soil boundary of a moisture equivalent
sample is saturated, it was calculated that the average value of the capillary potential in a standard moisture equivalent sample should be
4.91 X 105 ergs/ gm. which corresponds to a pF of 2.70. The experimental
value of the pF at the moisture equivalent was found to range from 2.55
to 2.81 with an average value of 2.66. This corresponds to a tension of 34
cm. of mercury and is in agreement with previous determinations at Iowa
State College and with the calculated value of 2.70.

THE RELATION BETWEEN METHODS OF SACCHARIFICATION
AND YIELD OF ETHANOL FROM VARIOUS CEREALS1
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The chemical approach to problems of fermentation is a comparatively recent development in a process the beginnings of which are obscured in the mists of antiquity. Undoubtedly primitive man knew that,
on standing, fruit juices were converted into intoxicating liquors, but it
was not until the last century that the fermentation of sugars by yeast
began to receive scientific attention. Early interest in the process was due
solely to the beverages formed, but more recently there has developed a
large demand for industrial alcohol, which is produced chiefly from
blackstrap molasses or cereal grains.
In the production of ethanol from starchy grain mashes, the starch
first must be converted to fermentable sugars. This process of hydrolysis
may be accomplished through the use of the enzyme, amylase, or by
heating the starch with dilute acid. In commercial practice, the enzyme
contained in barley malt is employed to effect this saccharification. Malt,
however, is relatively expensive, and a more economical process would
be very desirable. Accordingly, the material presented in this thesis deals
with the relation between methods of saccharification and the yields of
ethanol from corn mashes. Saccharification by the amylases of malt, soybeans, fungi and bacteria was investigated, and the study included the
effects of combinations of these various amylolytic materials on normal,
thick, and acid-hydrolyzed mashes.
METHODS

Fermentation mashes were prepared by cooking mixtures containing
corn meal and water in the proportion of 20 g .of corn meal to 100 ml. of
distilled water. The three types of mashes studied were, (1) normal
mashes thinned slightly by cooking with a small amount of acid or by
"pre-malting"; (2) thick mashes prepared by cooking with a small volume of dilute acid and then diluted with distilled water to fermentable
concentrations; and (3) acid-saccharified mashes prepared by cooking
with dilute acid until about 90 per cent hydrolysis of starch to dextrose
was effected. These mashes, except the "pre-malted" ones which needed
no adjustment, were adjusted to pH 5.0 with ammonium hydroxide and
were saccharified at 55° C for sixty minutes by the addition of various
amylolytic materials. After cooling, the mashes were inoculated with an
actively growing yeast culture in 10 per cent beer wort and fermented
for three days at 30° C. The yeast employed was a pure strain of Saccharomyces cerevisiae. The fermented mashes were distilled and the ethanol
was determined from the specific gravity of the distillates. After correcting for the ethanol derived from the inoculum and the amylolytic materials, the yields were calculated from the following theoretical equation:
1
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C6H120o - - 2C2H50H 2C02 • The dextrose equivalent of the starch
was determined by the official A. 0. A. C. direct acid hydrolysis method
combined with the Shaffer-Hartmann method of dextrose determination.
The molds and bacteria were cultured, in Erlenmeyer flasks, on media prepared by adding water to wheat bran, distillery residues, corn
gluten meal or corn meal, and the fermented media were employed directly as amylolytic materials. The molds were cultivated in larger quantities on the most suitable substrate, moistened wheat bran, in a revolving
drum. After growth for about two days, the resulting moldy brans were
air-dried at room temperature, ground and stored for future use as amylolytic agents. Likewise, the soybeans and barley malt were ground before
use.

1

I

+

EXPERIMENTAL RESULTS

A. Amylase Production by Various Microorganisms
Amylase production by 17 species or strains of molds and by 7 species
of bacteria was investigated by culturing the organisms on suitable substrates and then by using these materials to saccharify com mashes. The
mashes were prepared by mixing 60 g. of corn meal, 0.6 g. malt and 300
ml. hot water in 300-ml. Erlenmeyer flasks, the malt serving to reduce
slightly the viscosity of the mashes. The mixtures were cooked for thirty
minutes at 20 pounds steam pressure and saccharified according to the
procedure described above. The ethanol obtained from the fermentation of these mashes served as a quantitative measurement of the saccharifying powers of the various amylolytic materials. None of the fermentations using bacterial preparations gave satisfactory ethanol yields but,
when cultivated on moist wheat bran, a number of the molds yielded as
much as or more alcohol than did malt. A strain of Aspergillus oryzae
(Laboratory No. 2; American Type Culture Collection No. 4184) gave
the best results, and the moldy brans prepared in a revolving drum using
this organism were employed in further investigations.

B. Effect of Amylolytic Materials on Acid-thinned Normal Mashes
Acid-thinned normal mashes were prepared by cooking mixtures of
100 g. of corn meal and 500 ml. of 0.02 normal hydrochloric acid in 1-liter
Erlenmeyer flasks for thirty minutes at 20 pounds steam pressure and
neutralizing to pH 5.0 with ammonium hydroxide. The saccharification
and fermentation were accomplished in the manner described above, using
malt, moldy bran and soybean meal as saccharifying agents. The soybean
meal was relatively ineffective, but ethanol yields up to 87 per cent were
obtained using moldy bran as compared to about 72 per cent using malt.
Binary combinations of malt, moldy bran and soybean meal resulted in
slightly higher yields than were obtained from the individual substances
used alone. The malt-soybean meal combinations were not as efficient,
however, as moldy bran, either singly or in combination.

C. Effect of Amylolytic Materials on Acid-saccharified Mashes
Acid-saccharified mashes were prepared by cooking mixtures of 100
g. of corn meal and 500 ml. of 0.10 normal hydrochloric acid in 1-liter
Erlenmeyer flasks for two and one-half hours at 25 pounds steam pressure and neutralizing to pH 5.0 with ammonium hydroxide. These mashes
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were fermented as before, both with and without addition of amylolytic
materials. Direct fermentation of acid-saccharified mashes gave ethanol
yields of about 75 per cent which were much lower than those from normal mashes saccharified by moldy bran. The addition of moldy bran to
acid hydrolysates caused a marked increase in ethanol yields (up to 92
per cent). Malt and soybean meal in low concentrations also increased
the ethanol yields but to lesser degrees than did moldy bran. The synergetic effect of combinations of soybean meal with malt or moldy bran
were no more effective than was moldy bran alone. The low yields from
the direct fermentation of acid hydrolysates were shown to be due to incomplete saccharification of the starch rather than to a lack of yeast
growth stimulants or to the presence of toxic materials.

D. Effect of Amylolytic Materials on Thick Mashes
Thick mashes were prepared by cooking mixtures of 100 g. of corn
meal and 167 ml. of 0.12 normal hydrochloric acid for thirty minutes at
20 pounds steam pressure. The hot mashes then were diluted with 333
ml. of warm distilled water. This procedure was developed in order to
lessen the cost of cooking if employed in large scale production. The pH
was adjusted, and the mashes were saccharified and fermented in the
customary manner. Using the same amylolytic materials, singly and in
combinations, the fermentation results were essentially the same as those
from normal mashes except that only about 80 per cent as much amylolytic
material was required for thick mashes.

I

THE CULTURE OF FLY LARVAE FOR USE IN MAGGOT THERAPY1
SAMUEL WILLIAM SIMMONS

From the Department of Zoology and Entomology, Iowa State College
Received July 19, 1939

The object of this investigation2 was to devise efficient and economical
methods for the culture of brood larvae, brood flies, sterile larvae, and
for the subsequent retardation and transportation of the sterile specimens. Lucilia sericata Meigen was the species of fly used, and tests were
conducted at a temperature of 26.5 ° C. unless otherwise stated.
CULTURE OF BROOD LARVAE

Brood larvae are those reared for maintaining the progeny, and large
healthy specimens are essential for maximum egg production by the subsequent flies.
Employing 10 eggs per gram of beefsteak, and using 150 grams per
test the subsequent maggots averaged 46.5 milligrams each, in weight.
Specimens reared on beef heart averaged 46.3 milligrams, and those
reared on beef brain averaged 42.2 milligrams each. Because of the
slightly larger size of specimens reared on beefsteak, and because it is
one of the most readily available of meats, its use is preferred.
CULTURE OF BROOD FLIES

A food modified from Baer3 , and consisting of water 70 parts, extracted honey 30 parts, one egg, and one-fourth cake of Fleischmann's
yeast per 200 cc. of solution was found, under controlled conditions, to
maintain flies to an average age of 43.8 days. The average maximum egg
laying period per cage of 12 female flies was 60.3 days, with an average
production of 55.4 eggs per day per female. Flies fed sugar, banana, or
milk and honey produced less than one third as many eggs, and were
shorter lived. The eggs laid by flies fed banana, or milk and honey were,
furthermore, exceedingly low in viability.
CULTURE OF STERILE LARVAE

Separation of the eggs: Eggs are laid in clusters and must be separated prior to sterilization. A rapid and efficient method consists of a
brief softening of the clusters between pieces of wet black cloth, and then
separating by spreading thinly with a flexible blade spatula.
Disinfection of eggs: After separation, eggs are sterilized by immersion in test tubes of the disinfectant. Experiments were conducted with
nine disinfecting solutions, as follows: formalin 5 per cent; formalin 5
per cent plus sodium hydroxide 1 per cent; formalin 10 per cent plus sod1 Original thesis submitted December, 1938. Doctoral thesis number 494.
• The data presented in this paper were secured from research carried on by the
author as an employee of and under a project authorized by the Bureau of Entomology
and Plant Quarantine, United States Department of Agriculture.
' Baer, W. S., Jour. Bone Joint Surg., 13:438-475 (1931).
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ium hydroxide 1 per cent; formalin 5 per cent plus potassium hydroxide
1 per cent; formalin 5 per cent plus Labarraque's solution 2 per cent; saturated solution of calcium hypochloride; mercuric chloride 1: 2000, alcohol 25 per cent, and hydrochloric acid 0.5 per cent; phenol 2 per cent; and
sodium hydroxide 4 per cent for three hours, followed by formalin 5 per
cent for 30 minutes.
After testing, the solutions were rated relative to their disinfecting
values on eggs, effect on egg viability, egg agglutination, floating, time
required for sterilization; and adaptability for use on freshly laid eggs.
A combination of formalin 5 per cent plus sodium hydroxide 1 per cent,
when used for five minutes gave the most satisfactory results. A 77.6 per
cent hatch was obtained from eggs sterilized with this solution, and sterility was 100 per cent in all tests conducted. Unlike most of the disinfectants tried this one did not cause separated eggs to agglutinate or float,
and could be used on freshly laid eggs without seriously affecting their
viability.
RETARDATION AND TRANSPORTATION OF STERILE MAGGOTS

(a) Retardation by low temperature: Retardation of surgical maggots enables them to be held for future use if not needed immediately, and
permits their shipment to distant points. In cold storage surgical maggots
fed as long as activity persisted, but very little feeding occurred at 4 ° C.
At 10° to 11° C. 80.6 per cent fed, and at 20° to 21° C. 98.5 per cent fed.
At a temperature of 10° to 11 ° C. maggots increased 23.4 per cent in
weight during 72 hours. Specimens are frequently held for this period
while awaiting results of the sterility tests, and growth beyond 23.4 per
cent is intolerable. Twelve degrees C. was established, by test, as the
maximum effective retardation-inducing temperature.
Mortality of surgical maggots in cold storage is high, reaching 63.3
per cent in 24 hours, and 78.6 per cent in 72 hours. It is evident that low
temperature retardation is unsatisfactory.
To test the value of low temperature retardation of maggots in transit, specimens were packed on ice in commercially used cartons. A four
point multiple thermocouple was placed at various points in the specimen bottle, and temperature readings made at half-hour or hourly intervals until air temperature was reached. Tests were conducted under
shipping conditions of both summer (30° to 33° C.) and winter (20° C.)
conditions.
Under summer conditions no effective retardation was accomplished
as the temperature never dropped to the 12° C. level.
Under winter conditions an effective retarding temperature was
reached in all portions of the maggot bottle, but for only 14 hours. Besides
causing a great mortality, retardation did not last long enough for distance
shipping. Low temperature retardation is therefore not effective in transportation of surgical maggots.
(b) Retardation by nutritional insufficiency: As low temperature
retardation is unsatisfactory, tests were conducted to devise a method of
retardation by nutritional means. A food consisting of evaporated milk
one part, distilled water seven parts, and agar 1.5 per cent was found to
retard both growth and development for a week or more without serious
detriment to the maggots. After six days retardation 88.0 per cent of the
specimens were in the second instar. As feeding in the wound takes place
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mainly in the third instar it is seen that specimens would have four or
five days of therapeutic value after retardation. Only 36 per cent of the
maggots were in the third instar after 10 days of nutritional retardation.
Mortality with nutritional retardation is relatively low, being only
11.5 per cent after six days as compared to 87.0 per cent for specimens
retarded by low temperature. From the third to the ninth day the mortality was 15.6 per cent with nutritional retardation, while with low temperature retardation all specimens were dead before the ninth day.
After three days of nutritional retardation 79.6 per cent of the specimens were able to resume feeding when placed on necrotic tissue, and
removed 6.4 grams per unit of 100 newly hatched specimens. With low
temperature retardation this is reduced to 21.4 per cent and 1.8 grams
respectively. After six days nutritional retardation 70.0 per cent of the
specimens resumed feeding, compared with only 5.1 per cent of those
retarded by low temperature. Even on the ninth day 28.1 per cent of the
nutritionally retarded specimens fed.
After three days of nutritional retardation 94.5 per cent of the specimens subsequently fed for four days on necrotic tissue. After six days
retardation 75.4 per cent fed for four days, 39.0 per cent for five days, and
24.3 per cent for more than five days. Even after nine days retardation
29.1 per cent fed for four days, 39.5 per cent for five days, and 28.3 per
cent for more than five days.
The value of nutritional retardation in transit was demonstrated by
shipping specimens to various points in the United States, some as far as
3,000 miles. These specimens arrived in excellent condition and were able
to subsequently feed for the required time in wounds.
Surgical maggots can be produced efficiently and economically by
use of the proper technique in all steps of the breeding and disinfecting
processes, and by the use of adequate methods for subsequent retardation.

EFFECT OF QUARTZ FILTERS ON THE DITRIBUTION OF ENERGY
IN LAUE PATTERNS1
DEAN WALDO STEBBINS

From the Department of Physics, Iowa State College
Received July 19, 1939

It has been shown by Fox and Carr (1) that the Laue pattern from
Y-cut quartz plates oscillating piezoelectrically in the fundamental mode
is more intense than the pattern from the non-oscillating plates. Nishikawa and others (4) have observed the same effect with X-, Y-, and Rcut plates oscillating at the fundamental and third harmonics. In the
third harmonic mode, they observed four spots instead of the usual two.
Klauer (3) has observed the same effect when he changed the angle between the primary beam and the face of the crystal plate by as much as
72 degrees. Fox and Fraser (2) reported an increase of about twenty per
cent in the central beam during oscillation.
No quantitative measurements of the amount of energy of a definite
wavelength extracted by a given crystal have ever been made. Nor is it
agreed that the intensity of the central beam is increased with oscillation.
The purpose of this research was: (1) to determine if all the energy
of a definite wavelength is extracted by a crystal; (2) to study the effect
of oscillation on the intensity of the central beam; (3) to study the effect
of oscillation on the intensity of Laue spots produced by quartz-filtered
radiation.
METHOD OF PROCEDURE

For all phases of this investigation, the same set-up was used. It involved a crystal holder which could support two crystals in the same
orientation. Between the crystals was a sandwich composed of a lead
plate between two brass plates. A hole through the sandwich, concentric
with those in the collimator, served to absorb the Laue pattern of the first
crystal and transmit only the central beam. Both AT- and Y-cut quartz
plates were used.
RESULTS AND DISCUSSION

If all the energy of the critical wavelengths is difffracted to the Laue
spots, then the central beam should be deficient in such wavelengths in
which case a second crystal of identical orientation should give no diffraction pattern when placed in the central beam from another crystal. In
the case of both AT- and Y-cut crystals good Laue patterns of the second
crystal were obtained. Thus, a crystal does not extract all the energy of
a given wavelength from a central beam.
If the intensity of the central beam is increased with oscillation, then
a Laue pattern formed with the central beam from an oscillating crystal
should be more intense than one formed with the central beam from the
non-oscillating crystal. An investigation of this idea was made using AT1
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cuts oscillating at the fundamental and third harmonics and Y-cuts oscillating at the fundamental. In no case was any difference in intensity observed.
If an appreciable portion of the energy of the critical wavelength is
absorbed in passing through one crystal, then it is conceivable that oscillation of a second crystal would not produce so great an effect on the intensity of its pattern formed with the energy from the central beam of
the first crystal. AT-cut plates were oscillated at the first and third harmonics and Y-cut plates at the fundamental, and in each case an increase
comparable to that found in the oscillation of a single crystal was observed.
When both crystls were oscillated, the increase in intensity was
slightly greater than that observed when only the second crystal was oscillated. This appears to be an "anomalous" result.
The energy which is diffracted to a Laue spot comes from the small
crystallites on the surfaces of the crystal. All the energy which is diffracted by the interior of the crystal suffers extinction due to the ordered
array of that region. Because an individual crystallite is not thick enough
to extract all the energy of its particular critical wavelength, there is still
a considerable portion of that wavelength remaining in the central beam,
and consequently a second crystal will show a good Laue pattern when
placed in the beam.
During oscillation, the interior of the crystal becomes deformed so
that the angle between the central beam and the crystal planes is altered.
Therefore, some energy of wavelengths adjacent to the critical wavelength will be diffracted and the critical wavelength will not suffer extinction. However, the range of wavelengths diffracted by the deformed
interior of the crystal is small compared to the range diffracted by the
crystallites so that no change in the intensity of the second crystal would
be expected.
Now the central beam of a crystal will contain wavelengths which
can be diffracted by the deformed portion of an oscillating crystal so one
would expect to get an increase in intensity of the Laue pattern when
the second crystal is oscillated. This effect was observed.
When both crystals are oscillating, the following conditions are obtained. The central beam from the first crystal contains some of the critical wavelength for the non-oscillating crystal. This is diffracted by the
second crystal and increases the intensity. Thus, in this case, we have the
intensity that we would normally get when the second crystal alone is
oscillating plus the intensity caused by the energy of the critical wavelength which is now incident on the second crystal. It might be argued
that under these conditions, an increase of intensity should be observed
when the first crystal is oscillated. However, in the latter case, the critical
wavelength suffers extinction in the second crystal.
SUMMARY AND CONCLUSIONS

A double crystal set-up with a collimator between the two crystals
was used to determine whether (1) a crystal extracts all the energy of a
given wavelength; (2) the intensity of the central beam of a Laue pattern
is increased when the crystal oscillates.
It is impossible to say from this study whether a crystal extracts all
the energy of a given wavelength. Oscillation of a crystal does not change
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the intensity of the central beam although it does alter its composition.
The author wishes to express his appreciation to Professor G. W. Fox
for his encouragement and many suggestions in this work, and to Professor J. W. Woodrow for making it possible to obtain adequate equipment
to carry on the research.
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SOME FACTORS INFLUENCING NITROGEN FIXATION BY
AZOTOBACTER1
JOHN

L.

SULLIVAN

From the Soils Department, Iowa State College
Received July 19, 1939
DISTRIBUTION OF AZOTOBACTER IN FIELD SOILS

The purpose of this part of the investigation was to determine the influence of certain fertilizer treatments on the distribution of Azotobacter
and on the nitrogen fixing power of soils from various experimental fields
scattered throughout the state and located on the major soil types. Three
composite soil samples were taken from each experimental field, one from
the check plot, one from the plot which had been treated with manure and
lime and a third from a plot which had been treated with manure, lime
and superphosphate. The presence of Azotobacter was sought by means
of Winogradsky's spontaneous culture test (starch as energy source) and
by the use of silica gel plates (mannitol as energy source). In addition
the amounts of nitrogen fixed on the silica gel plates and in solution culture were determined along with the pH, lime requirement, and amount
of water-soluble phosphorus in the soil.
Soil reaction is one of the important factors affecting the occurrence
of Azotobacter in these soils. Different results were secured, however,
with the two different methods used to detect the presence of these organisms. Many investigators have reported that Azotobacter do not occur
in soils more acid than pH 6.0. In the work reported only four per cent
of the soils more acid than pH 6.0 were positive according to the spontaneous method, but 64.5 per cent of the soils more acid than pH 6.0 contained the organisms according to the silica gel method. The silica gel
method is probably more reliable for testing the presence of Azotobacter
in soils than the spontaneous method. However, within that group of
soils which were positive with the silica gel method the more nearly alkaline soils usually had the highest nitrogen fixing power, indicating that
they either contained more organisms or those present were more active.
The fertilizer treatments which the soils had received in the field increased the percentage of soils containing the organisms. Sixteen per cent
of the unfertilized soils contained Azotobacter according to the spontaneous test, but 64 per cent of the fertilized soils showed the presence of
these organisms. The treatment of acid soils, many of them apparently
Azotobacter free, with enough lime and manure to bring the reaction to
near pH 6.0 resulted in the establishment of an Azotobacter flora. The
fertilized soils contained a greater quantity of water-soluble phosphorus
than the untreated soils. The quantity of soluble phosphorus, however,
appeared to have less influence on the occurrence of Azotobacter than
the soil reaction.

1
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ACCESSORY GROWTH FACTORS

Various materials likely to contain growth factors or to influence the
environment were used in the culture media in which pure cultures of
Azotobacter were grown. Of all the materials used soil extracts and
powdered agar increased nitrogen fixation to the greatest extent. The
stimulation obtained with the soil extracts could have been due to some
of the rare elements such as vanadium, molybdenum or to some of the
humic acids, as the soils with the highest content of organic matter increased the nitrogen fixation process to the greatest extent. No indication
of any accessory factor essential to the growth of Azotobacter was obtained, nor of any factor markedly stimulating nitrogen fixation.
After the Azotobacter had been growing for many months in media
made with pure chemicals, these organisms decreased in vigor and partially lost their power of utilizing atmospheric nitrogen. On the addition
of brown sugar to the medium the organisms again grew more vigorously
and fixed more nitrogen. There must be, therefore, some factor in the
brown sugar which is necessary for maximum growth of these organisms.
This stimulation could have been due to minerals, to nitrogen, or to accessory growth factors.
Hydrogen peroxide, methylene blue, yeast extracts, and vitamin BI
decreased the quantity of nitrogen fixed. Cysteine hydrochloride, thioglycollic acid, inorganic sulphur compounds, inorganic nitrogen compounds, methyl phenyl acetate, ~-indole 3n propionic acid, extracts of
grains, extracts of alfalfa and pasture grasses, manure, sand, and limestone did not have any significant influence on the quantity of nitrogen
fixed.

I
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SOME CHANGES PRODUCED IN GROWTH, REPRODUCTION,
BLOOD AND URINE OF RATS BY SALTS OF ZINC WITH
CERTAIN OBSERVATIONS ON THE EFFECTS OF
CADMIUM AND BERYLLIUM SALTS1
WILLIAM

R.

SUTTON

From the Department of Chemistry, Iowa State College
Received July 19, 1939

It was believed that an investigation of some of the changes produced
by zinc salts might be of value in a study of the physiological and nutritional role of zinc. Zinc chloride, zinc sulfate and zinc carbonate were
used in this investigation. Cadmium chloride, cadmium carbonate and
beryllium sulfate were also used, and the results were compared with
those obtained by means of zinc salts. The rat was chosen as the most
desirable experimental animal for this investigation.
Young rats weighing thirty-five to forty-five grams were selected
from the stock colony and were fed an adequate basal ration into which
zinc carbonate was incorporated at levels of 0.10, 0.50 and one per cent
zinc.
The one per cent zinc ration proved to be very toxic, and the rats
lived only ten to twelve weeks. Food consumption on the one per cent
zinc ration was considerably diminished; the rats became emaciated and
showed anemia. The hemoglobin concentration and the number of red
blood corpuscles were diminished in rats which received one per cent of
zinc as zinc carbonate in the ration for five weeks.
The rats in the groups which received 0.50 per cent of zinc as zinc
carbonate in the ration were studied for various lengths of time up to
thirty-nine weeks. Some effects of the zinc feeding observed in the rats
on this level included anemia, diminished food consumption, retardation
in growth as measured by weight increase, loss of fertility in the female
rats and greatly increased urine volume of the male rats. The anemic
condition was evidenced by lowered hemoglobin values, but the number
of red blood corpuscles was not diminished. Food consumption in the zinc
fed group was ninety per cent of the food consumption of the control
group which received no added zinc in the ration. The body weight of the
rats which received 0.50 per cent of zinc was eighty per cent of the weight
of the rats in the control group.
Female rats reared from the weaning age on a diet containing 0.50
per cent of zinc in the form of zinc carbonate showed signs of reproductive activity as indicated by the oestrus cycle. Mating was followed by
the gestation period during which time pregnancy was indicated by the
weight increase and the "erythrocyte sign". Litters were cast by some
females following the initial pregnancy, but more generally death and
resorption of the foeti occurred before the end of term. A large percentage
of still born young were observed in those litters which were cast. Only
a small percentage of live young were born.
1
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The oestrus activity of the female rats of the group which received
0.50 per cent of zinc was resumed following the first gestation period, and
they again mated. All second pregnancies resulted in resorption of the
foeti near the end of term or the birth of still born young. Positive proof
of the pregnancy was obtained by observation of the "erythrocyte sign".
The uteri and embryos obtained upon postmortem examination of two
females, which were believed to be undergoing resorptions, indicated that
the tissues were in a pathological condition. Photographs of these tissues
were made.
Female rats which received 0.50 per cent of zinc in the diet ceased to
become pregnant after the second pregnancy. However, when the added
zinc was removed from the ration the females again became pregnant
and cast normal litters. The reproductive activity of the males in the 0.50
per cent zinc group was apparently unimpaired by the zinc diet.
The volume of urine excreted by male rats which had been reared
on the 0.50 per cent zinc ration was three times the volume excreted by
the males of the control group. There was no evidence of abnormal excretion of reducing substances in the urine ofthe zinc fed rats. The blood
sugar content of the rats which were fed 0.50 per cent of zinc was not abnormal.
The rats which received the 0.10 per cent zinc ration gave no indication that the ingestion of zinc at this level produced any harmful effects.
The low hemoglobin values observed in rats which were housed in
screen bottom cages and fed a ration containing 0.50 per cent of zinc
were definitely improved when iron chloride to the extent of 0.50 per
cent of iron was incorporated into the zinc ration. The hemoglobin values
improved to ninety per cent of normal or became normal in one month
after the iron supplement was started.
Cadmium carbonate was incorporated into the basal ration at levels
of 0.10, 0.05 and 0.025 per cent of cadmium. Groups of young rats weighing thirty to forty grams were fed the rations containing the added cadmium. The 0.10 and 0.05 per cent cadmium levels proved to be very toxic
for the animals. Food consumption in the group which received 0.025 per
cent of cadmium was seventy per cent of the food consumption in the control group. In the group which received 0.025 per cent of cadmium, growth
as measured by the weight increase was only sixty per cent of the growth
observed in the control group. The rats of the cadmium fed group became
anemic as indicated by diminished hemoglobin values. The blood sugar
concentration in rats of the cadmium fed group was not abnormal. The
volume of urine excreted was unchanged, but the amount of reducing
material excreted in the urine was increased by the 0.025 per cent cadmium diet. No sign of reproductive activity could be detected in adult
female rats which were reared on the 0.025 per cent cadmium diet. A
male rat from this group was shown to be fertile after 130 days on the
0.025 per cent cadmium diet.
Some changes produced by acute intoxication by zinc, cadmium and
beryllium were studied. Zinc, cadmium and beryllium were administered
as soluble salts to fasted rats by means of a stomach tube. The rats were
anesthetized with nembutal for administration of the test solutions. Acute
intoxication by zinc, cadmium and beryllium salts caused an increase in
the hemoglobin concentration and an increase in the number of red blood
corpuscles. Acute intoxication by the zinc, cadmium and beryllium salts
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caused a fall in the blood pressure. It was found that fifteen milligrams of
cadmium as the chloride, eighteen milligrams of beryllium as the sulfate
and seventy milligrams of zinc as the sulfate were equally toxic when administered in one cubic centimeter of solution by stomach tube to rats.
The blood sugar concentration of rats was increased during acute
intoxication produced by zinc sulfate and beryllium sulfate. It was
found that subcutaneously injected calcium chloride depressed the rise
in blood sugar which accompanied acute intoxication of rats by zinc sulfate. The calcium chloride was most effective in depressing the blood
sugar rise which accompanied acute intoxication by zinc sulfate when
the calcium chloride was injected simultaneously with the administration
of the zinc salt.
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DERIVATIVES OF 1-, 4-, 6-, AND 9- SUBSTITUTED
DIBENZOFURANS1
JACK SWISLOWSKY

From the Department of Chemistry, Iowa State College
Received July 19, 1939

By a modification of the procedure of Bywater2 a 55 per cent yield of
4-aminodibenzofuran was obtained from 4-dibenzofurancarboxylic acid
amide. This amine was obtained also in 45 per cent yield from a Bucherer
reaction with 4-hydroxydibenzofuran. Nitration of 4-acetaminodibenzofuran in acetic anhydride at -10° had given8 3-nitro-4-acetaminodibenzofuran. When 4-acetaminodibenzofuran was nitrated in glacial acetic acid
at 70° there was obtained 1-nitro-4-acetaminodibenzofuran, m. p. 216°. Hydrolysis of this nitro-acetamino compound gave 1-nitro-4-aminodibenzofuran, m. p. 219-220°, from which the amino group was removed via the diazo
reaction and reduction with ethanol to yield 1-nitrodibenzofuran, m. p.
120-121°. Catalytic reduction of 1-nitro-4-acetaminodibenzofuran gave
1-amino-4-acetaminodibenzofuran, m. p. 202° and this upon acetylation
gave 1,4-diacetaminodibenzofuran, m. p. 307-308°. The last-named compound was also prepared by amination and subsequent acetylation of 1bromo-4-acetaminodibenzofuran (mixed m. p.). Removal of the acetyl
groups by hydrolysis with hydrochloric acid gave 1,4-diaminodibenzofuran
dihydrochloride, m. p. 322-323°. The free base obtained by addition of
ammonium hydroxide to the solid dihydrochloride melted at 86-87°, but
was too sensitive to air oxidation to be recrystallized by ordinary procedures. Nitration of 1-nitro-4-acetaminodibenzofuran gave 1,7(? )dinitro-4-acetaminodibenzofuran, m. p. 288°, and nitration of 3-nitro-4acetaminodibenzofuran, gave 3,8(? )-dinitro-4-acetaminodibenzofuran, m.
p. 277-278°. Lithium diethylamide and 4-bromodibenzofuran reacted in
ether solution to give 4-diethylaminodibenzofuran, m. p. 68-69°, the hydrochloride of which melted at 227-228°. Lithium dimethylamide furnished 4-dimethylaminodibenzofuran, m. p. 98-99°. Willis4 had obtained
4-dibenzofurancarboxylic acid from carbonation of an exchange reaction
between n-butyllithium and 4-bromodibenzofuran which was allowed to
run seven and one-half hours. Comparable yields were obtained upon
carbonation from ten to twenty-five minutes after mixing. From these
shorter runs there was obtained, in addition to the acid and di-4-dibenzofuryl ketone, a small amount of tri-4-dibenzofurylcarbinol, m. p. 274-275°,
the identity of which was confirmed by its synthesis from 4-carbomethoxydibenzofuran and 4-dibenzofuryllithium.
Acetic anhydride and sulfuric acid converted 2-hydroxydibenzofuran
to 2-acetoxydibenzofuran, m. p. 115-116°, which upon a Fries rearrangement gave two isomeric hydroxy ketones. The pred01ninant product was
3-acetyl-2-hydroxydibenzofuran, m. p. 168-169° (b. p. 227° / 7 mm.),
Original thesis submitted July, 1939. Doctoral thesis number 540.
•Bywater, Doctoral dissertation, Iowa State College, 1934.
• Gilman, Jacoby, and Swislowsky, J. Am. Chem. Soc., 61: 954 (1939).
•Gilman, Willis, and Swislowsky, ibid., 61: 1371 (1939).
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which was methylated to give 3-acetyl-2-methoxydibenzofuran, m. p.
113-114°. Oxidation of this methoxy ketone gave 2-methoxy-3-dibenzofurancarboxylic acid (mixed m. p.) The crude isomeric ketone was
methylated and purified to give 1-acetyl-2-methoxydibenzofuran, m. p.
121-122°.
From 2,8-dibromdibenzofuran, prepared by an improved procedure,
there was obtained upon alkaline hydrolysis 2,8-dihydroxydibenzofuran,
which was converted directly to 2,8-dimethoxydibenzofuran, m. p. 88-89°
(b. p. 187°/5 mm.) and to 2,8-diacetoxydibenzofuran, m. p. 150-151° (b.
p. 212°/6 mm.) Cleavage of the former with hydrobromic acid and hydrolysis of the latter with hydrochloric acid gave 2,8-dihydroxydibenzofuran, m. p. 242-243°. The preparation of this compound from a biphenyl
ring closure was reported recently in a patent5 • Cleavage of 2,8-dimethoxydibenzofuran under milder conditions gave some hydroxy-methoxy
compound which was converted to 2-acetoxy-8-methoxydibenzofuran, m.
p. 110°. Hydrolysis of the last-named compound gave 2-hydroxy-8-methoxydibenzofuran, m. p. 90-91 °. The preparation of this substance was reported in a recent patent6 , but no constants were given. The picrate of 28-dimethoxydibenzofuran melted at 117-118°
Dibromination of 2,8-dimethoxydibenzofuran gave 1,9-(? )-dibromo2,8-dimethoxydibenzofuran, m. p. 196-197° and 3,7-(? )-dibromo-2,8-dimethoxydibenzofuran, m. p. 260-261 ° in a ratio of approximately two to
one. Treatment of the former with n-butyllithium followed by carbonation gave 2,8-dimethoxy-1,9-(? )-dibenzofurandicarboxylic acid, m. p. 2712720 dee. Diazomethane converted this di-acid to 1,9-(? )-dicarbomethoxy-2,8-dimethoxydibenzofuran, m. p. 129-130°. The same di-acid (mixed
m. p.) was obtained by direct metalation of 2,8-dimethoxydibenzofuran,
followed by carbonation. The 3,7-(?)-dibromo-2,8-dimethoxydibenzofuran gave, upon treatment with n-butyllithium and subsequent carbonation, 2,8-dimethoxy-3,7-(? )-dibenzofurandicarboxylic acid, m. p. 290°
dee., which was converted by methanol and dry hydrogen chloride to
3,7-(? )-dicarbomethoxy-2,8-dimethoxydibenzofuran, m. p. 183-184°.
From the replacement reaction was isolated some benzoic acid, which
apparently resulted from metalation of the solvent by n-butyllithium.
This conclusion was confirmed by the isolation of benzoic acid in 5.2 per
cent yield from the reaction of benzene with n-butyllithium.
A Friedel-Crafts reaction with 2,8-dimethoxydibenzofuran, oxalyl
chloride, and aluminum chloride gave a lactone which was probably 8methoxybenzofuro [5,6-b] benzofuran-2,3-dione or 9-methoxybenzof.uro[5,4-b] benzofuran-1,2-dione, m. p. 278°. The quinoxaline derivative
formed from the lactone and o-phenylenediamine melted at 323-325°, and
methyl 2, 8-dimethoxy-1 (or 3) -dibenzofuryl-a.-oxoacetate formed from
the lactone and diazomethane melted at 206-207°.
Dibromination of 2,8-dihydroxydibenzofurari gave 1,9-(? )-dibromo2,8-dihyroxydibenzofuran, m. p. 201-202°, which upon methylation gave
a compound identical with the lower melting isomer obtained from dibromination of 2,8-dimethoxydibenzofuran (mixed m. p.). Acetylation
with acetic anhydride and sulfuric acid yielded 1,9-(? )-dibromo-2,8-diacetoxydibenzofuran, m. p. 173.5-174°. With the view of proving unequi'French patent 816,719 [C.A., 32s2145 (1938)].
•British patent 470,021 [C.A., 32: 1487 (1938) ].
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vocally the structures of these 1,9-derivatives, the 1,9- ( ?)-dibromo-2,8dimethoxy compound was converted to 1,9-(? )-dimethyl-2,8-dimethoxydibenzofuran, m. p. 106-107°, which on demethylation gave 1,9-(? )-dimethyl-2,8-dihydroxydibenzofuran, m. p. 168-169°. Three attempts to
convert the dimethyl-dihydroxy compound to the corresponding diaminocompound by means of the Bucherer reaction were unsuccessful. Removal
of the hydroxyl groups via conversion to the diamine and the diazo reaction was planned. The 1,9-dimethyldibenzofuran has been prepared by
ring closure7 •
Arnination of 2,8-dibromodibenzofuran gave 2,8-diaminodibenzofuran, m. p. 212-213°, and acetylation of this gave 2,8-diacetaminodibenzofuran, m. p. 299-300°. These compounds had been prepared previously by
another method, which had left their structures uncertain8 • The previously reported melting point for the diacetamino compound was 258° 8 •
The picrate of 2,8-diaminodibenzofuran melted at 278° dee. Bromination
of 2,8-diacetaminodibenzofuran gave 3-bromo-2,8-diacetaminodibenzofuran, m. p. 259-260°, the structure of which was determined by conversion through hydrolysis and deamination to 3-bromodibenzofuran (mixed
m.p.)
A Bucherer reaction with 3,4-dihydroxydibenzofuran involved only
one of the hydroxyl groups and the compound obtained was probably 3amino-4-hydroxydibenzofuran hydrochloride, m. p. 275° with darkening
at 200°; the acetaminoacetoxy derivative melted at 209-210°. When 1bromo-2-hydroxydibenzofuran was subjected to a Bucherer reaction, the
bromine was displaced by hydrogen and only 2-aminodibenzofuran was
obtained.
Methylation of the dibromo-2,2'-dihydroxybiphenyl of Diels and Bibergeil9 gave 5,5'- (?)-dibromo-2,2'-dimethoxybiphenyl, m. p. 128-129°
while acetylation with acetic anhydride and sulfuric acid yielded 5,5'(? )-dibromo-2,2 -diacetoxybiphenyl, m. p. 105-106°.
Sugii and Shindo, J . Pharm. Soc. Japan, 54: 829 (1934) [C.A., 29: 791 (1935) ].
• Borsche and Schacke, Ber., 56: 2506 (1923).
• Diels and Bibergeil, ibid., 35: 302 (1902).
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EVALUATIONS OF CONSUMPTION IN MODERN THOUGHT1
ALISON COMISH THORNE

From the Department af Economics and Sociology, Iowa State College
Received July 19, 1939

Although welfare is something intangible, and no agreement on its
exact components has been reached, it is usually agreed that consumption
affects welfare. In other words, there is a relation between welfare and
the way people use their scarce resources, such as time, energy, and
money. What people have, possess, or buy, and what they do, has an
effect on their welfare.
Ideas on what is wise consumption, that is, consumption conducive to
welfare, can be found in history as well as in present day writing and legislation. Specific judgments of the consumption of groups of people,
stated in terms of desirability or undesirability from the point of view of
well-being, are termed "evaluations of consumption." If for a given historical period a sufficient number of evaluations from varied sources is
analyzed, generalizations can be drawn in regard to the dominant ethical
thought of that period.
To secure an accurate picture of what is wise consumption in any
given period, the following requisites must be met: (1) inclusion of a
variety of sources of evaluations of consumption, (2) inclusion of a representative sample of evaluations from any one source of evaluations of
consumption, (3) valid interpretation of evaluations in terms of ethical
thought, and ( 4) understanding of the nature of a culture which may be
different from that in which the investigator lives.
In picturing ideas on what is wise consumption in the historical period from the fourteenth century to the present, in Europe and America,
the following sources of evaluations are used: sumptuary legislation,
early utopias, opinions of reformers, opinions of early economists, and religious communistic societies in nineteenth century America. For an
understanding of present day ideas on what is wise consumption, particularly in the United States, evaluations of consumption are secured from
studies of family scales of living and quantitative indexes of the welfare
status of communities.
In the present study, while the various possible sources of evaluations
of consumption are not exhausted there is a selection of sources likely
to contain typical evaluations. The most important source of evaluations
of consumption not discussed in this study is that of present day government regulations. Selected scources are not exhausted, but it is believed
that the number of studies used in analyzing sumptuary legislation, the
religious communistic societies in nineteenth century America, and family scales of living in the United States is sufficiently extensive to give a
picture of evaluations of consumption. Although all quantitative indexes
available on the welfare status of communities are not analyzed, a sufficient number is used to indicate the kind of evaluations such indexes
contain. These evaluations are consistent with those to be found in scale
of living studies.
1

Original thesis submitted December, 1938. Doctoral thesis number 502.
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Evaluations of consumption in the late medieval and early modern
period show that the dominant ethical thought of that time emphasized
the following ideas: (1) the right of the government to regulate personal
consumption to a considerable extent, (2) the importance of maintaining
social status quo, (3) the danger of innovations to well-being, and (5) the
necessity of maintaining local order and military protection. The first
four aspects of ethical thought are termed "ideational" and were emphasized more at that time than they are today. The fifth aspect is common
to most nations in various historical periods as well as today.
Modern ethical thought in the United States, as shown in the evaluations of consumption to be found in family scale of living studies and
quantitative indexes of the welfare status of communities, places the emphasis more on what people ought to do rather than on what people ought
not to do. Modern ethical thought includes such ideas as (1) freedom of
choice; (2) choice with knowledge, especially knowledge of how others
live; and the opinion of experts, particularly scientific experts; and (3)
the abundant life, materially and in terms of a variety of interests. Studies
of family scales of living and quantitative indexes of the welfare status
of communities, however, are inadequate in picturing modern ethical
thought for they do not show to any great extent the government regulations, or lack of regulations, which imply evaluations of consumption.
Histories of the medieval and modern period contain suggestions on
what influences were behind the medieval way of thinking and the rise
of the modern way of thinking. Ideational ethical thought was the product
of such influences as feudalism, poverty, lack of contacts between communities, and the attitudes instilled by the Catholic church. The Reformation had the immediate influence of enforcing the simple life. Influences
leading to the transition to modern ethical thought include the decline of
the authority of religion, rise of the authority of science, growth of democracy, increased wealth, and wider contacts among societies.
Moral arithmeticians in the eighteenth century as well as certain
economists of that century and later sought to determine whether an increase in wealth causes a proportional increase in welfare. Their efforts
show that little can be gained by trying to measure degrees of well-being.
The assumption of family scale of living studies is that some uses of
time and some types of goods have a tendency to increase well-being.
While it is possible to measure quantities of goods and uses of time, no attempt is made to measure the extent of their tendency to improve wellbeing.
Quantitative indexes of the welfare status of communities contain
evaluations of consumption. The methodology used in such indexes involves the following procedure: The item of fact upon which data are
secured pictures or portrays a certain aspect of life; that particular aspect
of life is necessary to well-being; but there is no attempt to measure how
essential it is to well-being. For example, expenditures for education are
an item of fact picturing extent of education; there is a relation between
extent of education and well-being; but no measurement is made of this
relation.
Further studies of current evaluations of consumption are necessary
to confirm the impression that modern ethical thought in the United
States is composed of the ideas of freedom of choice, choice with knowledge, and the abundant life. Studies of evaluations of consumption in
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other countries should show the nature of modern ethical thought elsewhere as compared with that in the United States. Besides specific judgments or evaluations of consumption many writers have discussed, in
general terms, the question of what values are essential to welfare. This
literature centers about such matters as the importance of individualism
or the importance of human personality, the welfare of the nation as compared with the welfare of individuals, the position of science in relation
to welfare, and the arguments for and against this or that kind of life.

SOME ANOMALOUS FRIEDEL-CRAFTS REACTIONS1
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In the Friedel-Crafts alkylation of ethyl 5-bromo-2-furoate with
higher alkyl halides 2 there is both rearrangement to a tertiary radical and
a cleavage to a tert.-butyl radical, irrespective apparently of both the
branching and length of the R group and of the nature of the X in the RX
compound. This generalization is based on results obtained with n-amyl
chloride, n-amyl bromide, n-amyl iodide, isoamyl bromide, tert.-amyl
chloride, n-hexyl chloride, n-hexyl bromide, lauryl bromide, cetyl bromide and n-octadecyl bromide, each of which gave ethyl 4-tert.-butyl-5bromo-2-furoate as the sole alkylated product. An alicyclic halide (cyclohexyl chloride) and an aryl-alkyl halide (y-phenyl-n-propyl bromide)
did not give any of the ethyl 4-tert.-butyl-5-bromo-2-furoate.
Other types of alkylating agents were tried, but, with one exception,
unsuccessfully. Tert.-amyl alcohol alkylated after the fashion of the corresponding amyl halides. None of the ethyl 4-tert.-butyl-5-bromo-2-furoate was isolated in attempted alkylations with butylene, diisobutylene,
~-n-amylene, cyclohexene, p-tert.-amylphenol and tert.-amylbenzene. The
negative results with the olefins were unexpected in view of the successful alkylation3 of methyl 2-furoate by butylene.
When ethyl 5-bromo-2-furoate was first treated with n-amyl bromide
the usual cleavage and rearrangement to a tert.-butyl radical took place;
however, the tert.-butyl radical replaced the bromine and entered the
5-position to give ethyl 5-tert.-butyl-2-furoate in yields between 31 and
40 per cent. Subsequent experiments, in which some factors were varied,
showed that aluminum chloride (the catalyst) practically free of iron (a
maximum of 0.02 per cent) gave ethyl 4-tert.-butyl-5-bromo-2-furoate
but no ethyl 5-tert.-butyl-2-furoate. Addition of anhydrous ferric
chloride to this pure grade of aluminum chloride in sufficient quantity to
bring the iron content up to 0.12 per cent gave, in an n-amyl bromide
alkylation, both ethyl 4-tert.-butyl-5-bromo-2-furoate and ethyl 5-tert.butyl-2-furoate.
Other furan derivatives were tried in this cleavage reaction to approximate its limits and to test some theories of the mechanism. Ethyl 5chloro-2-furoate is very similar to the bromine analog. The chlorine atom
is smaller than the bromine and it was thought possible that a group
larger than a butyl group might be introduced. That is, it was postulated
that the cleavage was caused in part by steric hindrance and that variation of the size of the group in the 5-position should influence the size
(i. e. number of carbon atoms) of the alkyl group which can be introduced. Actually ethyl 4-tert.-butyl-5-chloro-2-furoate was the only prod1' 1 : 11; 1r':"!',Jl'!I
Original thesis submitted June, 1938. Doctoral thesis number 473.
'Gilman and Burtner, J. Am. Chem. Soc., 57:909 (1935).
•Calloway, Doctoral Thesis, Iowa State College Library (1933); Gilman and
Calloway, J. Am. Chem. Soc., 55: 4197 (1933).
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uct. A more significant test of the steric factor might be the alkylation
of ethyl 5-fluoro-2-furoate. Unfortunately, this compound is not known.
Ethyl 4-bromo-2-furoate was tried in the reaction in order to establish
whether a cleavage would take place when an a-position in furan is
available. It is known that there is no cleavage when methyl 2-furoate
is alkylated by n-amyl chloride and n-hexyl bromide, the products being
methyl 5-amyl-2-furoate and methyl 5-hexyl-2-furoate, respectively.
However, when ethyl 4-bromo-2-furoate was treated with n-amyl chlor-:
ide there was a cleavage, despite the availability of an a-position, and the
product isolated was ethyl 5-tert.-butyl-2-furoate. The bromine atom
must have been removed after alkylation rather than before inasmuch as
ethyl 2-furoate alkylates without cleavage.
Ethyl, 4,5-dibromo-2-furoate has both the 4- and 5-positions blocked,
and the remaining 3-position is very resistant to substitution. It might
have been expected from results already described that a bromine atom
would be replaced in a cleavage alkylation, if a halide higher than C 4 H 9 X
were used. Actually there was no reaction with n-amyl chloride or namyl bromide. With tert.-butyl bromide and isopropyl chloride there
was also no reaction.
5-Bromo-2-furfural was found resistant to alkylation by n-amyl
chloride despite the fact that 2-furfural is alkylated readily by isopropyl
chloride to give 4-isopropyl-2-furfural.
An excess over one mole equivalent of aluminum chloride was found
necessary to induce any alkylation at all: with cleavage or otherwise.
From this it is evident that the extra quantity of catalyst required in the
alkylations of the halogeno-furoates is not due to the cleavage reaction,
but the first equivalent is probably tied up by a complex or coordination
compound with the carboalkoxy group.
Of the several solvents examined, only carbon disulfide and sym.tetrachloroethane were effective. Nitrobenzene, chlorobenzene, and purified kerosene gave negative results. Negative results were also obtained
when no solvent was used.
For purposes of comparison most of the reactions were allowed to
continue for twenty-four hours, although much shorter periods were
found satisfactory.
Preliminary to a study of the mechanism of the above cleavage alkylations it was conclusively proved that the invariable four-carbon radical
does not originate from the furan nucleus. The tert.-butyl group must
then come from the alkyl halide. Cleavage to the tert.-butyl group can
either precede (or be simultaneous with) or follow alkylation. It is quite
unlikely that cleavage follows alkylation since cleavage of alkylated benzenes invariably occurs at the carbon-carbon bond between the ring and
the side-chain.
What may happen is that the alkyl halide, or some compound derived from it, is cleaved into fragments small enough to be introduced
into the sterically-hindered ~-position. An examination of cleavage products from the reaction between ethyl 5-bromo-2-furoate and n-amyl
chloride showed that n-butane and isobutane were the chief fragments,
relatively small quantities of fragments having less than four carbon atoms
being involved. There was no evidence of any low molecular weight
alkyl chloride, like methyl or ethyl chloride. Intermediate formation of
an olefin as the active alkylating agent would help account for the forma-
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tion of the highly branched tertiary radical. However, unless the olefins
are in an activated state it is difficult to see how they may be the precursors in alkylation when the numerous negative results with olefins like
butylene are considered.
The fragments from a reaction between ethyl 5-bromo-2-furoate, noctadecyl bromide and alumnium chloride in sym.-tetrachloroethane
consisted of butanes, pentanes, and hexanes together with some higher
liquid fractions which were difficult to separate cleanly.
Paraffins are known to be cleaved by the action of aluminum chloride predominantly to n-butane and isobutane. The exact mechanism is
not quite understood. If the alkyl halides cleave under the conditions of
the furan experiments to give units of four carbon atoms, it is possible
that free radicals may be the active precursors in chain reactions. These
free radicals may combine, in part, with the loosened or detached nuclear
hydrogen, thus accounting for the butanes isolated; and they may also
combine with the free radical (or its equivalent) resulting from the
bromofuroate to give the alkylated bromofuroate.
When benzene is alkylated by n-octadecylbromide in the FriedelCrafts reaction the major product is the normal-octadecylbenzene. This
was established by comparing a derivative (sulfonamide) with sulfonamides from octadecylbenzenes prepared by the Wurtz-Fittig reaction
and by the reduction of stearophenone. Comparisons were made by mixed
melting points.
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PREPARATION OF CHOLESTERILENE AND VARIOUS
CHOLESTADIENES1
RALPH LAWRENCE VAN PEURSEM
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Received July 19, 1939

The name cholesterilene refers to the compound prepared by the removal of one molecule of water from a molecule of cholesterol either by
the use of various dehydrating reagents or indirectly from various cholesterol derivatives. A double bond is located in the 5,6-position (ring B)
of cholesterol which possesses a negative specific optical rotation as do
other cholestane derivatives with a double bond in this position. Simple
dehydration of cholesterol would be expected to involve the removal
of the hydroxyl group in the 3-position (ring A) with a hydrogen atom
from an adjacent methylene group (4-position) to form a second double
bond in the 3,4-position in conjugation with the original double bond.
The cholestadiene expected would thus be 3,5-cholestadiene with a negative specific optical rotation. However the specific rotation of cholesterilene prepared by various methods has been reported with a large variation in numerical value (1). It was desired to investigate this variation
in specific rotation and to compare cholesterilene with other cholestadienes.
EXPERIMENTAL RESULTS

Cholesterilene was prepared by five different methods which were
representative of the three general procedures for the preparation of this
compound, namely (1) the direct dehydration of cholesterol, allocholesterol, or their epimers, (2) the removal of hydrogen halide from cholesteryl halides, and (3) the pyrolysis of cholesteryl esters. The samples
obtained were purified by repeated recrystallization from different solvents and mixed solvents, by treatment with decolorizing carbon, by
treatment with sodium and alcohol, and by adsorption of impurities by
means of activated alumina until the melting point, specific rotation, and
refractive index were unaffected by further purification.
3,5- and 4,6-Cholestadienes were prepared by the removal of two
molecules of hydrogen bromide from pseudocholestene dibromide ( 4,5dibromocholestane) and ~-cholestene dibromide (5,6-dibromocholestane) respectively. Alcoholic potassium acetate was found to be ineffective for the complete removal of hydrogen bromide but quinoline was
found to act satisfactorily for the conversion of the dibromocholestanes
to the cholestadienes. The cholestadiene (3,5-cholestadiene) obtained
from 4,5-dibromocholestane was found to be laevorotatory, which indicates that one of the double bonds is in the 5,6-position; the other double
bond would be in conjugation in the 3,4-position. The cholestadiene
( 4,6-cholestadiene) obtained from 5,6-dibromocholestane was found to
be dextrorotory, which indicates that one of the double bonds is in the
4,5-position; the other double bond would be in conjugation in the 6,7position.
1
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3,5-Cholestadiene was purified by the various methods described
above for cholesterilene until its melting point, specific rotation, and refractive index were unaffected by further purification. It was observed
during the successive stages in the purification of each sample of cholesterilene and of 3,5-cholestadiene that as the melting point rose to constant value, the negative of the specific optical rotation also rose to constant value and the index of refraction became constant. The melting
points and refractive indices were found to be of the same value (Table
1). The numerical agreement of the two highest laevorotations observed,
TABLE 1. Physical properties of cholesterilene (A) and 3,5-cholestadiene (B)
Compound

M. P.
in ° c.

(a) "o*

n 25D • •

79.5-80

-104.91

1.45974

79.5-80

-103.91

1.45974

79.5-80

-123.23

1.45974

......

79.5-80

- 100.24

1.45974

Pyrolysis of cholesteryl methyl
xanthogenate ....... ...............

79.5-80

-123.23

1.45974

79.5-80

- 103.24

1.45974

Method of preparation

+ copper sulfate . .. . . . .. . .
Cholesterol + potassium acid sulfate . .
Alla- and epiallocholesterol +

A

Cholesterol

A
A

alcoholic hydrochloric acid

A
A

-

----B

Cholesteryl chloride

.... ... ..

+ quinoline
+

P seudocholestene dibromide
quinoline ...... ......... ......... ..

* In carbon tetrachloride. The same solution was used for the refractive index
determination.
** n" 0 1.45625 for the carbon tetrachloride used.

namely those of the products obtained by the action of alcoholic hydrochloric acid upon a mixture of allo- and epiallocholesterol and by the
pyrolysis of cholesteryl methyl xanthogenate, leads to the indication that
the products (including 3,5-cholestadiene) obtained by the other methods
still contain impurities which could not be removed by the procedure employed although the specific rotations observed are higher than previously
reported (1). The treatment of cholesterilene and 3,5-cholestadiene with
chromium trioxide yielded oxycholestenone ( cholesten-4-dione-3,6) isolated as the monophenylhydrazone, which indicated their identity.
4,6-Cholestadiene was indicated not to be identical with 7-dehydrocholestene isomer (2) since 4,6-cholestadiene possessed a lower melting
point and a higher positive specific optical rotation.
LITERATURE CITED
1. EcK, J . C., and R. L . VAN PEURSEM
1939. Iowa State Coll· J . of Sci., 113: 115-128.
2. EcK, J. c., R. L . VAN PEURSEM, and E. w. HOLLINGSWORTH
1939. J. Am. Chem. Soc., 61:171-174.
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DIFFERENTIATION OF THE VITAMINS OF THE B COMPLEX
AND THEIR DISTRIBUTION IN CERTAIN FOODS1
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Four factors of the vitamin B complex; namely, B 1 , flavin, nicotinic
acid, and B 6 are known chemical entities and have been synthesized.
Several additional factors in the complex have been described by various
workers. The work herein reported was undertaken to obtain information on the differentiation of the factors of the B complex which are
necessary for the rat. These studies have included the physical-chemical
fractionation of extracts of natural foods and the study of the fractions
obtained as sources of the vitamin B complex. Investigations have also
been conducted on the distribution of individual factors of the complex
in certain foods.
Studies were made of the preparation of lactoflavin from whey powder. One extraction with 60 per cent ethyl alcohol by volume was found
more effective than three extractions with 96 per cent ethyl alcohol by
volume. Adsorption of flavin directly from the 60 per cent alcoholic extract was as efficient as adsorption from the aqueous solution (after removal of the alcohol and dilution with water). Five hundred grams of
fuller's earth (Cenco) per 2.25 kg. of whey powder were necessary for
the most effective adsorption of flavin; the same degree of adsorption was
obtained with 100 g. of English fuller's earth.
Concentrates of B 6 (factor 1) and factor 2 were prepared from liver
and from rice polishings by a method similar to that of Lepkovsky, Jukes,
and Krause (1). The B 6 concentrate was purified further by readsorption and elution before concentration. Both B 6 and factor 2 fractions
were found necessary in addition to B 1 , flavin, and nicotinic acid for the
growth and well-being of the rat.
The adsorbate and filtrate obtained by treatment of the factor 2
fraction from hog liver with norite gave no supplementary· effect to one
another as sources of factor 2, although about one-fourth of the total factor 2 activity was adsorbed. The unadsorbed fractions and the weakly
adsorbed fractions, prepared by continuous adsorption on fuller's earth
of the filtrate from flavin adsorption of hog liver extract, gave no significantly better growth when fed in combination as the source of factor 2
than when fed singly.
The feeding of 0.30 g. per rat per day of alfalfa meal as the source of
factor 2 produced restricted growth ( 4.5 g. per rat per week) and an unhealthy appearance in rats. With the addition to the diet of 0.05 g. of
fraction 8B, a fuller's earth adsorbate from rice polishings extract, almost doubled growth (8.2 g. per week) and normal healthy appearance
of the animals resulted. Fraction 8B at the 0.10 g. per rat per day level,
as the sole source of factor 2, was incapable of supporting growth and life;
and 0.60 g. of alfalfa, as the source of factor 2, gave growth inferior to
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that obtained on 0.30 g. of alfalfa plus 0.05 g. of fraction 8B. Thus it is
shown that at least two components make up factor 2 and are necessary
for the growth and well being of the rat, in addition to vitamin B 1 , flavin,
nicotinic acid, and B 6 , as the source of the B complex. One of these components is supplied by 0.30 g. per rat per day of alfalfa; whereas, the
other factor (the "8B factor") is supplied by 0.05 g. per rat per day of
fraction 8B.
The 8B factor was found to be supplied by 0.30 g. of molasses per
rat per day, distinguishing it from factor U of Stockstad and Manning
(2). Yellow corn at a level of 0.375 g. supplied a significant amount of
the 8B factor; this differentiates the 8B factor from chondroitin sulfuric
acid which has been suggested as a growth factor by Robinson and coworkers (3) . The 8B factor was not destroyed by heating at pH 9.0 for
four hours. This stability to heat and alkali shows the 8B factor to differ
from the chick antidermatitis factor, factor W, and the antiparalytic factor B4, since these three factors have been found unstable to heat and
alkali by Lepkovsky and Jukes (4), Frost and Elvehjem (5), and Reader
(6) respectively. At least 120 mg. of cod liver oil per day was received
by each rat on the 8B factor deficient diet. This is twice the quantity of
cod liver oil that Burr and Burr (7) found adequate to maintain rats for
a period of a year with only slight symptoms of unsaturated fatty acid deficiency (some scales on the feet and tail but otherwise healthy) . Therefore it is evident that the 8B factor is not the essential unsaturated fatty
acid.
W lay - h When powder and molasses were found to be poor sources of vitamin
B 1 but somewhat better as sources of vitamin G. Molasses was found to
contain about 1.6 units of vitamin B 1 , 3.5 units of flavin, 6.5 units of factor 2, and more than 6.5 units of vitamin B 6 per gram.
Rations containing white corn (0.50 g. per rat per day) or alfalfa
meal (0.30 g. per rat per day) as the source of factor 2 gave better growth
with the addition of nicotinic acid indicating that rats require this substance in their diet and that it is lacking in white corn and alfalfa at the
levels fed.
Alfalfa meal was found to be superior to molasses as a source of
factor 2 minus the 8B factor. Jukes (8) has reported that alfalfa is a poor
source of the chick antidermatitis factor while molasses is a good source
of it. Therefore it is apparent that factor 2 minus the 8B factor contains
a component different from the chick antidermatitis factor.
BIBLIOGRAPHY
1. LEPKOVSKY, S., T. H. JUKES, and M. E. KRAUSE
1936. J. Biol. Chem., 115: 557.

E. L. R., and P. D. V. MANNING
1938. J . Biol. Chem., 125: 687.

2.

STOCKSTAD,

3.

ROBINSON,

H. E., R. E. GRAY, F. F.
1939. J. Nutrition, 17: 227.

CHESLEY,

4. LEPxovsKY, S., and T. H. JUKES
1937. J. Biol. Chem., 119: LX.

5. FRosr, D. V., and C. A. ELvEHJEM
1937. J. Biol. Chem., 119: XXXIV.

and L. A.

CRANDALL

\

'

VITAMINS OF B COMPLEX

6.

V.
1929. Biochem. J., 23: 689.

READER,

7. BuRR, G. 0 ., and M. M. BURR
1929. J. Biol. Chem., 82: 345.

8.

T. H.
1937. J . Biol. Chem., 114: 11.

JUKES,

105

AUTHOR INDEX
Abbott, Clement Wilfred, 3
Aikman, J. M ., 385
Anderson, A. A., 187
Atanasoff, J. V., 333
Babel, Fred John, 6
Bailie, James Clyde, 8
Bartlett, John Bruen, 11
Becker, Elery R., 317
Brewer, Carl Robert, 14
Brewer, H. E., 385
Clare, Stewart, 107
Claydon, Thomas Joseph, 17
Davis, Arthur W., 20
Decker, G. C., 345
Deonier, Christian Charles, 22
Dinger, J. E., 195
Drake, C. J., 345
Dunning, John W., 24
Dykstra, Kenneth G., 27
Dyme, Harry Chaim, 29
Ellisor, L. 0., 305
Fouts, Everett L., 32
Gaessler, W. G., 379
Geiger, Charles, 367
Gilman, Joseph C., 129
Goodwin, Ralph Abijah, 35
Griffiths, J. T., Jr., 393
Gross, George Lloyd, 37
Gunderson, Harold, 39, 405
Guymon, James F., 40
Haber, E. S., 379
Hammer, B. W., 163
Harned, Horace H., 43
Harris, Halbert M'.., 323
Hart, Phillip James, 46
Hayden, Ada, 199
Hixon, R. M., 379
Hodgdon, Frank B., 48
Holl, D. L., 295
James, Norman, 50
Kirchner, Justus G., 53
Kunerth, William, 195

Landee, Franc A., 55
Leffert, Ila, 155
Levine, Max, 233
Lichtenwalter, Myrl, 57
Lineken, Edgar ElWYD, 60
Long, H. F., 163
Mccorkle, Miles R., 64
McCoy, D. Oren, 67
McNew, G. L., 129
Mavis, H. C., 155
Mickelson, M. N., 253
Nelson, G. H., 233
Nelson, M. E., 359
Oldham, Wilbur, N., 69
Richardson, Charles H., 305
Robertson, Fred, 261
Rock, Donald Hill, 71
Rosenbusch, Carlos T., 73
Russell, Morell B., 76
Schoene, Lorin, 78
Silverman, M., 179
Simmons, Samuel William, 81
Spain, Louis A., 353
Stebbins, Dean Waldo, 84
Stone, R. W., 253
Straka, R. P., 233
Sullivan, John L., 87
Sutton, William R., 89
Swislowsky, Jack, 92
Tate, H. D., 267
Tauber, Oscar E., 107, 393
Thorne, Alison Comish, 95
Thorne, C. J., 333
Tripp, R. H., 295
Turck, Joseph A. V., Jr., 98
Utter, M. F., 179
Van Peursem, Ralph Lawrence, 101
Werkman, C.H., 179, 187, 253, 359, 367
Whisler, B. A., 215
Wiggert, W. P., 179
Wood, H. G., 367
Wyatt, Waldo Richard, 103

[419]

420

INDEX

SUBJECT INDEX
Accuracy of the plating method for estimating the number of bacteria, actinomyces and fungi in a laboratory sample of soil, The, 50
Acetobacter suboxydans, oxidation of
polyhydric alcohols by, 24
Achromobacter putrefaciens, relationship
of, to putrid type of cheesiness in butter, 17
Acid, citric, bacterial dissimilation of, 14
Acid forming organism, description of, 187
Acid, phosphoglyceric, 253
Actinomyces, estimating number of, in
soil, 50
Active juice, preparation of, from bacteria, 179
Aerobacter indologenes, 253
Aerobacter indologenes, active juices
from, 180
Alcohols, polyhydric, oxidation of, by
Acetobacter suboxydans, 24
Alternating voltages, 67
Amino acids, use of, in study of heterofermentative lactic acid bacteria, 377
Anaerobic decomposition and gasification
of cornstalks by thermophiles, 233
Angiospermae, 199
Antibody response to experimental swine
influenza, 73
Aphids, as vectors of virus disease of
onions, 275
Apioporthe, and their related forms, 129
Azotobacter, factors influencing nitrogen
fixation by, 87
Bacillus, dextro-lactic acid forming organism of, 187
Bacteria, estimating number in soil, 50
Bacteria, heterofermentative lactic acid,
353
Bacteria, heterofermentative lactic acid,
nutritive requirements of, 367
Bacteria, preparation of active juices
from, 179
Bacteria, use of ultra-violet light in killing, 215
Bacterial dissimilation of citric acid, 14
Bacteriological studies on Swiss-type
cheese from pasteurized milk, 6
Beetle, confused flour, effect of ether on
toxicity of certain fumigants to, 39
Beetle, confused flour, toxicity studies
on, 405
Beryllium salts, 89

Betulaceae (Birch family), 205
Blattella germanica L. (cockroach), circulation of hemolymph in wings of, 107
Bordeaux spray, 155
Breakdown potentials of gases under alternating voltages, 67
Burri smear culture technic, 163
Butter, cultures of, effects of tomato
juice on flavor, 3
Butter, putrid defect of, relationship of
Achromobacter putrifaciens to, 17
Butyl-acetonic fermentation, 40
Cadmium salts, 89
Cankers, tree, in Iowa, fungi associated
with~ 129
Caprifoliaceae (Honeysuckle family), 211
Castor bean plants, reaction of grasshoppers to, 353
Ceramic kilns, radiant heat transfer in, 48
Cereals, relation of saccharification and
yield of ethanol from, 78
Cheese, Swiss-type, bacteriological studies on, 6
Chemoreceptors, gustatory, effects of
toxic compounds on, in Diptera, 22
Cholesterilene, preparation of, 101
Circulation of hemolymph in the wings
of the cockroach, Blattella germanica
L. I. In normal wings, 107
Citric acid, bacterial dissimilation of, 14
Citrobacter freundii, preparation of active
juices from, 186
Classification of the proteolytic micrococci isolated from dairy products, A, 43
Clostridium butylicum, preparation of
active juices from, 186
Cockroach (Blattella germanica), normal
wings of, 107
Comparative value of sprays and dusts
in insect control, 155
Compositae (Sunflower family), 211
Conductance of solutions of organosubstituted ammonium chlorides in liquid
hydrogen sulfide, The, 60
Confused flour beetle, Tribolium confusum Duval, toxicity studies on, 405
Constants, elastic, determination of, by
piezo-electric methods, 46
Consumption, evaluations of, in modern
thought, 95
Cornstalks, anaerobic decomposition and
gasification of, 233
Coryneum, species of, 142

421

INDEX

Cyperaceae (Sedge family), 202
Cryptodi aporthe, 129
Cutlure of fly larvae for use in maggot
therapy, The, 81
Dairy products, micrococci isolated from,
cassification of, 43
Decomposition, an aerobic, of cornstalks
by thermophiles, 233
Decomposition of lignin of plant materials, 11
Derivatives of 1-, 4-, 6-, and 9-substituted dibenzofurans, 92
Description of a dextro-lactic acid forming organism of the genus Bacillus, 187
Determination of elastic constants by
piezo-electric methods, The, 46
Dectro-lactic acid, description of a, 187
Diaporthe, and related conidial forms, 129
Dibenzofurans, 92
Differentiability and continuity properties of solutions of certain partial differential equations of applied mathematics, 20
Differential, the general, operator, 261
Differentiation of the vitamins of the B
complex and their distribution in certain foods, 103
Dinitro-o-cresol dusts, use of, in grasshopper control, 345
Dissimilation of levulose by heterofermentative lactic acid bacteria, the, 359
Dissimilation of phosphoglyceric acid and
hexosediphosphate by Aerobacter indologenes, The, 253
Dosage-mortality relations toward confused flour beetles, Tribolium ccmfusum
Duval, 39
Dusts, value of, for potato insect control,
155
Effect of decomposition of the lignin of
plant materials, The, 11
Effect of ether on the toxicity of certain
fumigants to the confused flour beetle,
Tribolium confusum, Duval, 39, 405
Effect of growth of micro organisms on
acid numbers of fat in cream and butter, 32
Effect of low temperatures on the intensity of fluorescence, 195
Effect of pH on the toxicity of nicotine injected into the cockroach, Periplaneta
americana (L.), 305
Effect of quartz filters on the distribution of energy in laue patterns, 84
Effects of tomato juice on production of
flavor contributants in butter cul-

tures, 3
Effects of toxic compounds on the gustatory chemoreceptors in certain Diptera, 21
Effect of treated fats on vitamin A potency, 29
Efficacy of ultra-violet light sources in
killing bacteria suspended in air, The,
215
Eimeria nieschulzi growth-promoting
potency of feeding stuffs, 317
Elastic constants, determination of, by
piezo-electric methods, 46
Elastic theory, finite strain analysis in,
71

Elements, Group VIII, organometallic
compounds of, 57
Energy, free, of soil water, 76
Equations, linear differential, 333
Equations, linear operational, use of functionals in obtaining approximate solutions of, 37
Equations, partial differential, properties of, 20
Erosion, effect of, in cultural treatment
of plums, 389
Escherichia coli, 216
Escherichia coli, preparation of active
juices from, 186
Ethanol, yield of, from various cereals,
78
Ether, effect of, on toxicity of fumigants
to Tribolium ccmfusum, 405
Euphorbiaceae (Spurge family), 209
Evaluations of consumption in modern
thought, 95
Examination of ice cream with the Burri
smear culture technic, 163
Fats, effects of treated, on vitamin A
potency, 29
Fatty acid derivatives, reactions of some
high-molecular-weight, 64
Feeding stuffs, growth-promoting potency
of, 317
Fermentation, butyl-acetonic, relation of
structure of sugars to the chemism of,
40
Filters, quartz, effect of, on distribution
of energy in laue patterns, 84
Finite strain analysis in elastic theory, 71
Flavor, in butter, 3
Fluorescence, effect of low temperature
on intensity of, 195
Fly larvae, culture of, for use in maggot
therapy, 81
Foods, distribution of vitamins in, 103

422

INDEX

Friedel-Crafts, reactions, 98
Fungi, estimating number in soil, 50
Fumigants, toxicity of, effect of ether on,
405
Functional methods, 333
Functional method for the solution of
thin plate problems applied to a square,
clamped plate with a central point
load, 333
Functionals, use of, in obtaining approximate solutions of linear operational
equations, 37
Fungi associated with tree cankers in
Iowa. II Diaporthe, Apioporthe, Cryptodiaporthe, Pseudovalsa and their related conidial forms, 129
Gases, breakdown potentials of, under
alternating voltages, 67
Gasification of cornstalks by thermophiles, 233
General differential operator, The, 261
Gramineae (Grass family), 200
Grasshoppers, control of, 345
Grasshoppers, reactions of, to caster bean
plants, 353
Haloragidaceae (Water Milfoil family),
210
Heat, radiant, transfer in ceramic kilns,
48

Hemolymph, circulation of, in wings of
Blattella germanica L., 107
Hemophilus influenzae avis, study of, 73
Herbarium, Iowa State College, supplement to catalogue of Iowa plants in,

lines and tetrahydroquinolines, 69
Insecticides, 345
Insects as vectors of yellow dwarf, a
virus disease of onions, 267
Ionization constants and insecticidal
action of substituted quinolines and
tetrahydroquinolines, 69
Iowa, fungi, 129
Iowa plants, supplement to catalogue of,
in Iowa State College herbarium, 199
Juglandaceae (Walnut family), 205
Juice, active, preparation of, from bacteria, 179
Ketoses, functioning of, 364
Kilns, ceramic, 48
Lactic acid bacteria, 367
Lactabacillus buchneri, 367
L. lycopersici, 362, 367
L. mannitopoens, 367
Larvae, fly, culture of, 81
Laue patterns, distribution of energy in,
84

Lauraceae (Laurel family), 207
Leafhoppers, 270
Leguminosae (Bean family), 209
Leuconostoc dextranicus, 362
Levulose, dissimilation of, 359
Levulose, dissimilation of, by heterofermentative lactic acid bacteria, 359
Light, ultra-violet, 215
Lignin, decomposition of, in plant materials, 11
Lobeliaceae (Lobelia family), 211

199
Heterofermentative lactic acid bacteria,
dissimilation of levulose by, 359
Heterofermentative lactic acid bacteria,
nutritive requirements of, 367
Hexosediophosphate, 253
Hillculture, practice of, 385
Hybrid and inbred strains of sweet corn,
pericarpins, 379
Hydrogen sulfide, liquid, 60
Ice cream, examination of, with Bui:Ti
smear culture technic, 163
lliecebraceae (Knotweed family), 207
Inbred strains of sweet corn, pericarp in,

379
Influenza, swine, studies on, 73
Insect, potato, control, 155
Insecticidal action of some substituted
pyrrolidinea, 53
Insecticidal action of substituted quino-

Maggot therapy, culture of fly larvae
for use in, 81
Micrococci, proteolytic, classification of,
isolated from dairy products, 43
Micro organisms, effect of growth of, on
acid numbers of fat in cream and butter, 32
Moisture, content in soil, 76
Motility of the excised fore-gut of Periplaneta americana (Orthoptera) in
various salt solutions, 393
Nabidae, new and unrecorded, 323
Najadaceae (Pondweed family), 200
Nature of Eimeria nieschulzi growthpromoting potency of feeding stuffs.
I. Positive effect of gray shorts, 317
New Nabidae (Hemiptera), 323
Nicotine, toxicity of, injected into cockroach (Periplaneta americana), 309

423

INDEX

Nitrogen fixation by Axotobacter, 87
Nutritional role of zinc, 89
Nutritive requirements of the heterofermentative lactic acid bacteria, 367
Onagraceae (Evening Primrose family),
209

Onions, virus disease of, transmission of,
267

Oocysts of Eimeria nieschulzi, 320
Operator, general differential, 261
Organic compounds, association of, and
electron-sharing ability of radicals, 55
Organisms, susceptibility of, to ultraviolet light, 228
Organometallic compounds of group VIII
elements, 57
Organometallic radicals, 8
Organosubstituted ammonium chlorides
in liquid hydrogen sulfide, 60
Orthotropic elastic layer, stresses in, 295
Oxidation of certain polyhydric alcohols
by Acetobacter suboxydans, The, 24
Pachynomus africanus, n. sp. description of, 323
Pericarp, quantity of, in strains of sweet
corn, 379
Periplaneta americana (Orthoptera) motility of excised fore-gut of, in salt
solutions, 393
Periplaneta americana (L.), toxicity of
nicotine when injected into, 309
Phenol compounds, 350
pH, Effect of, on toxicity of nicotine injected into cockroach, 305
Phomopsis, species of, 139
Phorticus abdominalis, n. sp. description
of, 325
Ph. flavus var. breviatus, n. var., description of, 327
Ph. varicolor Distant, 326
Phosphoglyceric acid, dissimilation of,
and hexosodiphosphate by Aerobacter
indologenes, 253
Physiological and nutritional role of
zinc, 89
Plants, Iowa, in Iowa State College herbarium, 199
Plating method, for estimating number
of bacteria in soil samples, 50
Polygonaceae (Buckwheat family), 206
Plum, response of, grown under hillculture conditions to modifications in cultural treatment, 385
Potato insect control, 155
Preliminary studies on the comparative
value of some sprays and dusts in po-

tato insect control, 155
Preliminary studies on the use of dinitroo-cresol dusts in grasshopper control,
345

Preparation of an active juice from bacteria, 179
Preparation of cholesterilene and various
cholestadienes, 101
Prostemma amysti Reuter, 324
P. belidis, n. sp., description of, 324
Proteolytic micrococci, classification of,
isolated from dairy products, 43
Pseudovalsa, 129
Pyrrolidines, substituted, insecticidal
action of some, 53
Quantitative spectrographic analysis of
soils, The, 35
Quantity of pericarp in several hybrid
and inbred strains of sweet corn, The,
379

Quartz filters, effect of, on distribution
of energy in laue patterns, 84
Quinolines, alpha substituted, 69
Radiant heat transfer in ceramic kilns,
48

Radicals, electron-sharing ability of, 55
Radicals, organometallic, 8
Ranunculaceae (Crowfoot family), 207
Reactions of some high-molecular-weight
fatty acid derivatives, 64
Relation between the free energy of srul
water and the moisture content of the
soil, 76
Relation between methods of saccharification and yield of ethanol from various
cereals, The, 78
Relation of the structure of sugars to the
chemism of the butyl-acetonic fermentation, 40
Relationship between the electron-sharing ability of radicals and the association of organic compounds, 55
Relationship of Achromobacter putrefaciens to the putrid defect of butter, 17
Response of the plum grown under hillculture conditions to modifications in
cultural treatment, The, 385
Ricinus communis L., as used for grasshopper control, 353
Rosaceae (Ro~e family), 207
Saccharification and yield of ethanol from
various cereals, 78
Salicaceae (Willow family), 204
Salt solutions, motility of fore-gut of

424

INDEX

Periplaneta americana in, 393
Salts of zinc, 89
Santalaceae (Sandalwood family), 206
Sarcina lutea, 217
Scrophulariaceae (Figwort family), 211
Soil, moisture content of, and free energy of soil water, 76
Soil, plating methods for estimating
number of bacteria and fungi in, 50
Soils, quantitative spectrographic analysis of, 35
Some anomalous Friedel-Crafts reactions, 98
Some changes produced in growth, reproduction, blood and urine of rats by
salts of zinc with certain observations
on the effects of cadmium and beryllium salts, 89
Some factors influencing nitrogen fixation by Azotobacter, 87
Some new and heretofore unrecorded
Nabidae (Hemiptera), 323
Some reactions of grasshoppers to castor
bean plants, 353
Some studies in swine influenza
I. Comparative study of Hemophilus
influenzae avis and H. influenzae
II. Antibody response to experimental
swine influenza, 73
Sprays, and dusts, for potato insect control, 155
Strain, finite, analysis in elastic theory,
71

Staphylococcus aurens, 217
Stresses in an orthotropic elastic layer,
295
Studies on the fermentative activity of
yeast zymin, 27
Sugar, structure of, related to butyl-acetonic fermentation, 40
Sulphur dust, 157
Supplement to the catalogue of Iowa
plants in the Iowa State College herbarium, The, 199
Swine influenza, studies on, 73

Temperature, effect of, on intensity of
fluorescence, 195
Therapy, maggot, fly larvae in, 81

Thermophiles, anaerobic decomposition
and gasification of cornstalks by, 233
Tetrahydroquinolines, alpha-substituted,
69

Thin plate problems, 333
Thrips tabaci Lind., 269
Thyphaceae (Cat-tail family), 199
Toxic compounds, effects of, on gustatory chemoreceptors in certain Diptera,
22
Toxicity of fumigants, effect of ether on,
405

Toxicity of nicotine, effect of pH on, injected into the cockroach, 305
Tree cankers in Iowa, fungi associated
with, 129
Tribolium confusum Duval, effect of
ether on toxicity of fumigants to, 405
T. confusum Duval, toxicity studies
with, 39
Ultra-violet light, effectiveness in killing
bacteria, 215
Use of functionals in obtaining approximate solutions of linear operational
equations, 37
Vectors, insects as, of a virus disease of
onions, 267
Violaceae (Violet family), 210
Virus disease of onions, yellow dwarf,
267

Vitamin A, potency of, effect of treated
fats on, 29
Vitamin B complex, 103
Vitamins, differentiation of, of the B
complex, 103
Voltages, alternating, breakdown potentials of gases under, 67
Welfare, as affected by consumption, 95
Yeast zymin, fermentative activity of, 27
Yellow dwarf, vectors of, 267
Zinc, physiological and nutritional role
of, 89
Zymin, yeast, fermentative activity of, 27

