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EDITORIALS

RESEARCH

Much progress has been made in recent years in the
establishment of research laboratories in the more
progressive manufacturing plants in this country;
yet a canvass of the situation will show that a com-
paratively small percentage of industrial managers
is even now convinced that a careful scientific study
of processes and products will pay, and these managers
do not look with favor upon the suggestion that a
very small portion of their earnings might with profit
be invested in a reserve of knowledge of their industry.

The American manufacturer has found the develop-
ment of his business so easy and rapid, either on ac-
count of favorable raw material conditions, or a greedy
demand for his products that it has not been necessary
for him to devote attention to the study of more
efficient processes, in order to reap enormous profits.
In other cases the time and energy of many managers
has been so taken up with the problems of keeping
up with the natural demands, due to the growth of
the country, that a scientific study of the industry
has been, and will continue to be, deferred until profits
begin to fail.

Probably the greatest factor in retarding the de-
velopment of scientific research among our industries
has been high tariff. This high tariff has caused many
of our industries to prosper and pay enormous profits
in spite of their short-sighted management. Political
research, with a view to exploiting the consumer, is
well understood by such managers and it is a regret-
table fact that many of them have spent thousands of
dollars on the lobby and not one cent for placing their
business on a sound scientific footing.

Perhaps the managers who have specialized in this
form of political research are the victims of certain
economic conditions and should not be held responsible
for the selection of this method of building up their
business. They are employed to produce a product
at a profit and it is not always stipulated by the stock-
holders or directors how that profit shall be pro-
duced. No stockholder has yet been discovered who
raises any question as to the source of profits so long
as they are large. The relations between the amount
of real money invested and the profits accruing there-
from have long since been submerged in water—the
universal solvent for excessive profits. The position
of the manager under such conditions is truly dis-
tressing and blame attaches more to the people and
practices which have made it necessary for him to
follow the chances for the greatest profits regardless
of all ethical considerations.

The recent reductions in the tariff on many products
and the removal of that seductive prospect from the
field of probability for increasing profits will undoubtedly
result in stimulating interest in the scientific study
of processes and products as the most likely means
of maintaining earnings. The loss of this tariff pro-
tection will, in the end, exert a great stabilizing in-

fluence on our industrial development. The protec”
tion of industry by flimsy artificial regulations is
sooner or later bound to collapse, and the wiser course
would be to build upon stronger foundations. It
may take some time for manufacturers who have en-
joyed tariff protection to realize that relief from their
present predicament may come through a more sys-
tematic application of research methods but ultimately,
after the hope of increasing profits by the political
route has been entirely eliminated, they will turn to
the scientific method.

The control and use of the immutable laws of nature
obviously offer a more stable basis upon which to
build and a more uniform source of profit than any
structure built upon artificial conditions created by
legislation.

The quality of many of our manufactured products
is not up to the highest standard, but the demand
has been so pressing that the goods have been ac-
cepted in spite of their defects. Many concerns spend
almost as much time and money in making their
goods stay sold as they spend on their manufacture.
We all know that it is an occasion for comment and
often congratulation when a piece of machinery is
delivered which is capable of being put into use without
disclosing fundamental defects in design, arrange-
ment, construction or materials. A delivery of supplies
which does not occasion complaints, endless corre-
spondence or probably adjustments is a curiosity in
some industrial work.

The quality problem is by no means settled in our
industries and before we reach the saturation point
of our domestic markets and attempt to branch out
into foreign trade in competition with the skill and
workmanship of other nations, we shall have to solve
it. Cut-and-try methods for the design of equip-
ment, which result in such monstrosities as a ten-foot.
vacuum pan with a four-inch vapor outlet, a machine
where the same sized shaft is used throughout regard-
less of the fact that the working load ratio in different
parts of the machine is 43 to 1, and other misfits.
too numerous and well known to mention, will have
to be replaced by scientific methods. The superlative
claims of advertising managers and the ‘‘talking
points” of salesmen, which they often admit are not
necessarily points of merit, will avail for a time but
the buyer is slowly awakening to the fact that he is
buying value and that there is a definite relation be-
tween value and price.

The quality and value of a product are based upon
the application of correct principles in its conception,
preparation and use, and these correct principles can
be established only by scientific investigation. It is
difficult to see how substantial progress can be made
in this direction without such study.

Many managers take the position that they will
not install research laboratories for the purpose of
developing their industry because they can purchase:
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from abroad or elsewhere ready-made improvements
and developments without taking the risk of the
experimental expenses. This policy is practiced by
a number of well-known corporations. Its wisdom
may never be determined because it will be impossible
to decide, when successful, whether its success de-

- pends upon the method or upon superior advantage

from other causes. It seems fair to assume, however,
that the chances are against successful business ad-
ministration on this policy. The risk of not finding
new developments or of not having an opportunity
to purchase them, may result in losses many times
greater than the expense of maintaining research
departments.

There are problems in industrial work which are
common to all industries in a certain field or to a large
group of industries in the same field in which codpera-
tion in research would benefit all alike. I refer par-
ticularly to such problems as the disposition of wastes
from dye-houses, paper mills, gas works, the smoke
nuisance problem which is important to all steam power
using industries, flue dust from smelter stacks, flue
dust from pyrites burners, cement dust from cement
mills, etc.

It is easily conceivable that a number of concerns
in similar or identical fields might codperate for the
investigation and the development of common prob-
lems for the equal benefit of all concerned and probably
the salvation of the industry itself. Such cooperation
is now being brought about in a measure by the scien-
tific societies and organizations represented in differ-
ent industries. For example, the Michigan Gas
Association supplies funds for the investigation of
problems in gas manufacture common to the con-
stituent members of that organization. The American
Tanners’ Association is conducting investigations
common to the tanning industry, and other societies
are showing a disposition to cooperate on research
problems. Substantial progress on cooperative re-
search will not be made by the technical societies,
however, on account of the limited means at their
disposal and the comparatively large number and
magnitude of the problems.

If industrial concerns were to combine for the support
of specific investigations on problems of common
interest, great progress might be made. ‘The element
of desiring to monopolize all of the results and to en-
joy some exclusive advantage over participants be-
cause they are business competitors would have to
be entirely eliminated and managers would be obliged
to take a broader and more comprehensive view of
their problem and its purpose than at present. We
have discussed the feasibility of this plan with com-
peting interests in a number of cases and have fre-
quently had the proposition pied by the insistence
upon the part of some managers that his company
would not be interested in a development that it could
not monopolize. Codperation on the part of several
and a monopoly of the results by one is an insoluble
problem from the standpoint here proposed.

It is not necessary or even desirable that the re-
sults of coéperative research be thrown open to pub-
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lic use. Such results should be and remain the ex-
clusive property, for a limited period at least, by
patent or otherwise, of those who contribute to the
development. There is already, especially in this
couhtry, too little regard and protection for the rights
of pioneers who have spent their money and taken
their chances in order to further industrial develop-
ment. Any scheme which would open greater op-
portunities to industrial piracy would be disastrous
to development, and successful cooperation on specific
research problems of common interest would have to
carry with it a plan for the protection of the rights
of the developers. The right to cooperate in the re-
searches should not be denied to any one to whom
the results would be of value, but the opportunity
for pirating the results without proper compensation
should be denied.

The Sherman law has been cited as a legal obstacle
to the development of codperative research. This
law was enacted for the prevention of monopoly in
restraint of trade. The prevention of industrial de-
velopment was certainly not contemplated, and it
is doubtful if such a construction could ever be put
upon its provision. Well intended laws are sometimes
diverted to strange uses and already we are confronted
with the distortion of this law in ways calculated to
produce political effect. The sundry civil bill passed
by the last congress provided $300,000 for prosecuting
combinations under the Sherman law but carried an
additional provision, the motive for which can not be
misunderstood, that none of the money was to be used
in prosecuting combinations of labor or combinations
of farmers.

If by any conceivable interpretation or motive the
Sherman law should be construed as preventing the
cooperation of industrial institutions in the study of
scientific and engineering problems of mutual interest,
it is our duty to show the malinterpretation of the
law and indicate proper amendment. If chemistry
is to be regarded as an important profession its or-
ganizations must consider affairs affecting its interest
and the interests of its industrial constituents. Chem-
ists and engineers have stood until recently, without
protest, ridiculous abuses in our patent laws and prac-
tices. As soon as they concentrated their efforts
on needed reforms the Supreme Court recognized
the justice of their protests, recast the rules of
practice, and now we are looking forward to a revision
of the patent laws which will better protect the in-
terests of the professions concerned.

It has been said that the most important step in
invention is to realize a need. If the chemical pro-
fession will realize the need of more scientific study
of industrial problems and the great possibilities of
cooperation in the study of specific problems by in-
terested industrial groups it is our duty to discover
the way for the accomplishment of this need.

THE CONTROL OF PUBLIC UTILITIES
Up to the beginning of the legislative sessions of
1913, fourteen states—Wisconsin, New York, Mary-
land, New Jersey, Vermont, Ohio, Washington,
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California, Nevada, Oregon, Kansas, New Hampshire,
Connecticut, and Rhode Island—had established
commissions for the control of public utilities. Massa-
chusetts divided many of the same powers among
three commissions, and several states gave a part
of the same powers to other commissions, such as,
for example in Oklahoina, to the corporation com-
missions. : ¢
‘ Following considerable agitation, eight states—
Indiana, Illinois, Colorado, Missouri, Montana, Idaho,
Pennsylvania, and West Virginia—created public
utilities commissions during the legislative sessions
of 1913. Massachusetts conferred the duties of the
highway commission relating to telegraphs and tele-
phones and the duties of the railroad commission upon
a new public service commission; Ohio redrafted the
public utility commission law, giving additional
powers especially relating to valuation and to stock
and bond issues; and New Hampshire amended her
law by giving the commission power over accounting,
including depreciation. In each case the commission
is made appointive by the governor.

These laws uniformly require that public utilities
shall give just and reasonable service at a just and
reasonable rate, and in most states the commissions
are given ample power for investigation and enforce-
ment. The municipal utilities placed under control
in the different states are mainly heat, light, water
and power companies, street railways, and telephone
and telegraph companies. In most of the states,
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railroads, other common carriers and similar services
are also controlled.

Discrimination is prohibited in service and rates;
free service to any but certain excepted classes is
prohibited, and, in all but West Virginia, issues of
stocks and bonds are placed under the regulation of
the commission; uniform accounts are provided for,
either in a mandatory or optional way, and valuation
of the property used and useful for the convenience
of the public is authorized in nearly all of the states.
In Indiana and Ohio such valuation is required.
In almost every state municipally owned utilities are
subject to the same regulations as others. The
laws make no exceptions for home rule. A strong
effort was made in Illinois to except Chicago from the
law, but it failed. It may be said in general that the
state commission is supreme in most matters over the
municipalities, although much power is left to the
latter to regulate and control. The cities grant
franchises and regulate. by contract or otherwise
the service and condition of occupying of the streets.
‘In Indiana the indeterminate permit is provided for
after the manner of the Wisconsin law.

A consideration of the new public utilities acts
shows that there is a tendency to give real powers to
the commissions. With the exception of the laws
passed in Massachusetts and West Virginia, the acts
of the year represent nearly all of the best which have
been demonstrated to be empirically good in other
states. : W. A. HAMOR

ORIGINAL

PAPERS

THE PROTECTION OF IRON AND STEEL BY PAINT
FILMS
By NormaN A. Dusois
Received October 4, 1913

The theories of corrosion of iron and steel which
have received consideration and which still seem to
have their defenders and opposers are interesting to
note. The carbonic acid theory in brief requires
the presence of carbonic acid to start corrosion. The
peroxide theory supposes that hydrogen peroxide is
formed in the presence of moisture and oxygen, and
that this hydrogen peroxide causes corrosion. The
electrolytic theory assumes that iron passes into solu-
tion in water in the form of a ferrous ion before it
can oxidize. A more or less complete discussion of
these theories may be found in the various journals
and other publications. It is not the purpose of this
paper to discuss them.

From the standpoint of the paint technologist
the problem is that of finding the paint film which will
enable him to protect the exposed surface of iron and
steel from the various rusting influences for the longest
possible time. The theories of corrosion and numer-
ous discussions of them have been of inestimable value,
and the proper interpretation of them has enabled
the paint technologist to improve his paint film.
Let us briefly consider these theories from the stand-
point in question.

The carbonic acid theory requires the presence of
carbonic acid that corrosion may proceed. In other
words, considering a paint film properly applied over
the surface of iron and steel it requires that carbon
dioxide shall pass through this film, and also that
water, either as such or in the form of aqueous vapor,
shall pass through the film, and there in conjunction
with the carbon dioxide react as carbonic acid. The
imperviousness of the paint film to carbon dioxide
gas and to aqueous vapor, then, is the vital quality
from the standpoint of this theory. The more im-
pervious the’paint film to the gases carbon dioxide
and aqueous vapor, the longer it will protect the iron
or steel from corrosion. !

The peroxide theory requires the formation of hy-
drogen peroxide on the surface of the iron or steel.
Considering a paint film properly applied over the
surface of iron or steel, therefore, this means that
the less pervious the paint film is to the gases oxygen
and aqueous vapor, the smaller will be the quantity
of hydrogen peroxide formed on the surface of the iron
or steel, and the longer it will protect the iron or steel
from corrosion.

The electrolytic theory requires that iron first pa§3'
into solution in water as ferrous ion, and that it 1S
then acted upon by oxygen dissolved in the water of
by carbon dioxide and water to form rust. Again
considering a paint film properly applied over iron or
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steel this theory requires the presence of water in which
the iron may dissolve to form ferrous ions.
the only way the water can get to the iron or steel is
to pass through the paint film, as such, or in the form
of aqueous vapor. If we suppose the ferrous ions have
been formed, the action can go no further in the ab-
sence of an oxidizing agent, presumably oxygen,
which in turn must get through the paint film. The
reasoning for the presence of other gases is similar.
We find, therefore, that for corrosion to proceed ac-
cording to the electrolytic theory the gases, aqueous
vapor, oxygen, or others must pass through the paint
film, and as in the other cases, the more impervious
the paint film to gases and moisture, the longer it will
protect the surface of the iron or steel from corrosion.

This is but to conclude that the paint film which
will serve for the longest time as a protection to iron
or steel against corrosion is the one which is the least
pervious to aqueous vapor, the gases oxygen and carbon
dioxide, or in fact any gas in the surrounding atmosphere
which may in any way cause or accelerate corrosion.

If we assume the ‘corrosion to be entirely due to
the deterioration of the paint film rather than to its
permeability to aqueous vapor and other gases, the
same conclusion holds, as the rate of deterioration will

be proportional to the permeability of the film to the .

deteriorating elements.

The electrolytic theory of corrosion has given rise
to a division of pigments into three classes: corrosion
accelerators, corrosion inhibitors, and inerts. While
these pigments seem to give results as predicted by
this theory in the presence of abundance of water or
when the iron or steel is actually immersed in water,
it does not necessarily follow that they will do so,
to a like extent at least, when incorporated in a paint
film where conditions are much different.

Assume, for instance, that our paint film is some-
what pervious to aqueous vapor and other gases.
It follows that just as moisture may enter to the iron
or steel surface and perhaps give conditions under
which the electrolytic theory may apply when outside
conditions are damp, this moisture may also pass
from the steel surface outward when outside conditions
are dry, and thus leave the steel surface dry in which
case the electrolytic theory cannot possibly apply.
As a matter of fact, the actual conditions existing on
the surface beneath the paint film, in most instances,
are very probably between the two extremes of some-
what damp and nearly dry, and this is far from being
covered with an abundance of water at all times,
the conditions under which the electrolytic theory seems
to work out well. This reasoning is borne out by the
fact that a piece of bright steel immersed in water
containing a little zinc chromate in suspension will
remain bright perhaps indefinitely, while the same
pigment in a paint film under ordinary conditions
will not protect the steel in a like manner.

Again, two paints composed of the same vehicle,
but the first containing a so-called corrosion accelerator
only, painted on a steel surface in a locality of ordi-
nary dryness will outlast to a great extent the second
containing a rust inhibitive pigment painted on a

Obviously,

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY 969

steel surface in a locality habitually very damp.

This reasoning seems to indicate and the evidence
seems to bear out the conclusion that the problem of
iron and steel preservation is rather to be solved by
making our paint film as nearly impervious to gases
as possible, than by trying to prevent corrosion by
the addition of the so-called inhibitive pigments.

The problem is a physical one rather than a chemical
one, and a comparison of paint films as to their rela-
tive obstruction to the diffusion of gases will tell more
regarding their value as protection against corrosicn
than a study of the inhibitive action of their pigments.
This is not to say that the inhibitive property of
certain pigments is not worth consideration, but the
imperv.iousness of the films is of far greater importance.

The work to be described here was carried out for
the purpose of determining whether a special formula
paint made according to the foregoing principles,
embodying diffusion retarders, would not outlast in pro-
tecting qualities those made according to the formulas
accepted as first quality paints for their respective
purposes.

Our prime object is to make the film as impervious
to gases as possible. This may be accomplished
to a certain extent by special treatment of the vehicle
and by incorporating special pigments and pigment
comb'nations. It is well known that a film from
the oxidation of pure linseed oil, 7. e., a film of linoxin,
is more or less permeable to moisture and gases. It
is more or less porous. If other oils or gums, or similar
materials, can be incorporated with the linseed oil
to form a homogeneous mass which as a whole acts as
a perfect vehicle as regards compatibility of properties,
it is readily understandable that such treatment may,
to an extent, fill the intermolecular spaces between
the linseed oil molecules, just as in.other cases of solu-
tion, alloy, or mixture; and this compound vehicle
will be more dense, will leave a film which offers more
resistance to the diffusion of gases, and will, there-
fore, protect the iron and steel for a longer time (as-
suming other things equal) than a film which has not
been treated in this way. :

PLATE I—STEEL PANELS PAINTED WITH PAINTS OF SAME FORMULA
ExceEpT ONE CONSTITUENT OF THE VEHICLE

Plate I shows five steel panels which, after thorough
cleaning with hot 10 per cent solution of sulfuric
acid for twenty minutes, washing by immersion in
dilute caustic solution, thoroughly washing with water,
and quickly drying, were painted as follows. All
paints were of the same formula, with the exception
of one constituent in the vehicle.
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Panel A is a pure linseed oil vehicle.
Panel B contains 5 per cent of Kauri mixing varnish
in the vehicle.
~ Panel C contains 10 per cent of Kauri mixing varnish
in the vehicle.

Panel D contains 20 per cent of Kauri mixing varnish

in the vehicle.

Panel E contains 30 per cent of Kauri mixing varnish

in the vehicle.

These were exposed in a closed box with a glass
front, in order that the conditions cou'd be carefully
watched. Oxygen and the corrosion accelerating
gases in the atmosphere were passed into the box
through wash bottles, to insure a slow but steady cur-
rent, and a small quantity of steam was admitted
to keep the atmosphere within the box al\vay's very
moist, but not sufficient to raise the temperature
materially. The panels were examined from day to
day, and removed when it was judged that further
exposure might obliterate the truths for which we
were seeking.

It is very evident that the panels at both ends have
failed before those between. A relation may also
be seen between the duration of protection and the
quantity of Kauri mixing varnish in the vehicle.
The protecting qualities increase with the per cent
of Kauri mixing varnish to a certain point, and then
fall off again as the percentage of Kauri mixing varnish
is increased beyond this point. This seems to indicate
a definite point of maximum sealing effect for this
particular material.

Another illustration of making a paint less pervious
and therefore a better protection against corrosion,
is the proper choice of pigments. Red lead and linseed
oil have been long looked upon as the best primer for
iron and steel. This may be true, but is it not possible
to improve this red lead and linseed oil without seri-
ously changing its nature and obtain a film which
is less pervious to gases and moisture and thereby
protect the iron and steel even more effectively than

PrLATE IT—PAIRS OF STEEL, PANELS

A’s primed with special red lead paint
B’s primed with usual red lead paint
All painted with same second coat paint.

will the red lead and linseed oil? If we shake off some
of the traditional bonds and apply the teachings of
more recent scientific investigation we find it possible
by using the foregoing principles and the proper
choice of particle sizes, making use of the law of mini-
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mum voids, to produce a red lead primer, which has
all the advantages of the traditional red lead and lin-
seed oil, and is at the same time less pervious, and
therefore a better protection against corrosion.

Plate II shows a series of pairs of steel panels,
which have been cleaned in the usual manner with
acid, etc. Both A and B of each pair were painted
with the same second coat paint, and each pair with a
different second coat paint, while A of each pair was
primed with a special red lead paint, formulated ac-
cording to the principles just mentioned, and B of
each pair was primed with red lead and linseed oil
mixed according to a formula considered to give the
best results obtainable after many years of practical
painting under more or less adverse conditions of mois-
ture and corrosion accelerating gases. All the panels
were painted in exactly the same manner on the same

PrLATE III—PAIRS OF STEEL PANELS PAINTED WITH SO-CALLED RuUST
PROOF PAINTS

A’s primed with special red lead paint
B’s primed with rust proof paint
All second coats of rust proof paint

day, allowed the same time to dry between coats
and also after the second coat, and exposed as previously
described at the same time and for the same length
of time. Since the second coat on A and B is the same
in each instance its effect has nothing whatever to
do with the comparison, this being dependent entirely
on the difference in the red lead priming paints on A
and B. It can be seen at a glance that the special red
lead paint on A has given a much more efficient pro-
tection than that mixed according to the prevailing
custom on B. One hundred and twenty comparison
panels were exposed in this test and in every instance

panel A showed a better film than did panel B.

Lastly, let us take up for a brief space the incom-
ing of the throng of fantastically named ‘‘paints”
which have been put on the market with claims equally
as fantastic. Many of these have been claimed to
protect the iron and steel as a primer and as a second
coat better than anything on the market. It is only
necessary to refer to Plate III, which is a photograph
of some pairs of steel panels prepared as before men-
tioned and painted with a number of so-called rust
inhibitive or rust proof paints. On panels marked
B was painted two coats of a paint, and on panels
marked A one coat of the same paint over a priming
coat of the special red lead paint formerly mentioned.
As a different paint is on each pair there are as
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many different paints as there are pairs of panels.

It is readily seen that the two coats of any of these
paints, B, do not protect as well as where it is applied
over the special red lead primer, A.

Blue lead seems to have certain properties very
similar to red lead when used in a paint for the priming
of iron or steel, and in fact it is very possible that it
may be fully as good for this purpose as red lead,
when properly used, if not better. Experiments
are now being conducted by the writer to determine
these relations.

Recently the idea has been set forth that certain
pigments are rust inhibitive by virtue of their alkaline
qualities. Further investigation seems necessary to
determine whether it is simply the alkaline properties
of these pigments considered as a rust inhibitive only
which endows the paint film with superior protecting
qualities.

The suggestion may not be out of place that the
basic properties of certain pigments enable them to
attack the vehicle to a sufficient extent to form a
small quantity of metallic soap which acts as a bind-
ing material between the pigment particle and the
linoxin, thus offering a greater obstruction to the
passage of disintegrating elements between pig-
ment particle and vehicle; or perhaps acting as a diffu-
sion retarder in the linoxin.

It is not the intention of the writer to point out the
shortcomings of any particular brand of paint or
theory, but simply to give results of experiment and
interpretation of the same with a view to bettering
the paint conditions for all concerned. ;

In conclusion then, it would seem that whatever
the correct theory of corrosion may be, it is of first
importance to the paint technologist to construct
his film in such a manner as to exclude gases and mois-
ture to the greatest possible extent, as without these
no corrosion can possibly take place.

LABORATORIES OF THE GorponN-HirrL Co.
BosToN

THE OLEORESINS OF JEFFREY AND SINGLELEAF PINES
By A. W. SCHORGER
Received September 25, 1913

The Forest Service for a number of years has been

investigating the possibilities of utilizing various species -

of conifers for the production of naval stores. The
following work on Jeffrey and singleleaf pines is a
continuation of the examination of the oleoresins
obtained during the tapping experiments. The methods
of analysis employed and the results obtained in
the examination of other species will be found in an-
other publication.? .

The oleoresins of the pinon pine! (Pinus edulis,
Engelm) and singleleaf pine (Pinus monophylla, Torr,
and Frem.) are similar in composition, appearance,
and odor. Both oleoresins contain large resin acid
crystals and have a pungent characteristic odor.
The volatile oils of the two species consist mainly
of a-pinene and the sesquiterpene cadinene is found
in the higher boiling portions. In addition, B-pinene

1*“An Examination of the Oleoresins of Some Western Pines,” by
A. W. Schorger, Forest Service, Bull. 119.
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and probably limonene! occur in the oil from Pinus
edulis while limonene occursin the oil of Pinus monophylla.

Attention has been previously? called to the con-
fusion caused by lack of an exact knowledge of the
species yielding heptane. The source of this substance
has been variously ascribed to one or more of the fol-
lowing species: Western yellow pine (P. ponderosa,
Laws); digger pine (P. sabiniana, Dougl.); and Jeffrey
pine (P. jeflrey:). It has been previously®? shown
that the oil from Pinus ponderosa does not contain
heptane and that the oil of Pinus sabiniana consists
of nearly pure heptane. It is now possible to con-
firm the work of Blasdale® and Wenzell* since examina-
tion of authentic samples of the oleoresin of Pinus
jeflreyi has shown that the oil consists largely of normal
heptane.

The lack of uniform data in the literature regarding
the resin acids is much to be regretted. The melting
point of abietic acid from colophony varies from 135
to 165°% Tschirch? states that American colophony
contains a-, 8-, and vy-abietic acids melting at 155°,
158°, and 153-154°, respectively, and then obtains
abietic acid, melting point 166—167°, from rosin oil.?

Leuchtenberger,® working under Tschirch, examined
the colophony of Pinus jefireyi. Extraction of an
ether solution of the colophony with one per cent
(NH,),CO; gave four per cent of a-Jeffropinic acid,
C10H1102, m. p. 160-161°; nine per cent B-Jeffropinic
acid, Ci2H;50,, m. p. 81—82° Extraction with one
per cent Na,CO; solution gave 35 per cent «-Jeffro-
pinolic acid, C14H200,, or CyyH30,, m. p. 117-118°%;
38.2 per cent B-Jeffropinolic acid, C;sHs¢0q, or CisHz:0,,
m. p. 77—78°. The acid isolated by the author from
the oleoresin of P. jeffreyi melted at 170-171° The
silver salt contained 26.16 per cent of Ag, agreeing
with the formula CiHj00s.. The acid from the colo-
phony melted at 137—8° crystallized from acetone
and 145-6° crystallized from acetone and hydrochloric
acid. «-Jeffropinic acid requires 39.51 per cent
Ag and a-Jeffropinolic acid, CisHjO,, requires 32.98
per cent Ag. To obtain acids of this formula it would
be necessary for the resin crystals existing in the oleo-
resin to undergo profound alteration in heating to
145° C. which is not borne out by experience. The
action of acids and alkalies has a material effect on
the melting point of the resin acid. Valente!® ob-
tained an acid from French colophony melting in
the crude state at about 160°. When purified by
solution in dilute sodium carbonate and precipitation
with dilute sulfuric acid, the resin acid melted at only
146—148°.

EXPERIMENTAL
Oleoresin of Pinus monophylla

Oleoresin.—Analysis of the crude oleoresin gave

1 Loc. cit., 29.
2 “An Examination of the Oleoresins of Some Western Pines,” by
A. W. Schorger, Forest Service, Bull. 119.
3 Blasdale, J. Am. Chem. Soc., 28, 162-4 (1901).
4 Wenzell, Pharm. Rev., 22, 408-14 (1904).
5 Fliickiger, J. prakt. Chem., 101, 235 (1867).
¢ Maly, Silzungsber. d. k. Akad. d. Wis. zu Wien, 44, 121 (1861).
7 “ Die Harze und die Harzebehalter,”” 2nd ed., 1906, p. 660.
8 Arch. Pharm., 245, 1 (1907).
9 Ibid., 248, 701-7 (1907).
10 Atti della R. Accad. dei Lincei, 1, [4] 13 (1884).



972

the following percentages: Volatile oil 19.00 per
cent; colophony (grade N) 70.63 per cent; trash,

needles, bark, etc., o.11 per cent; water 1.26 per cent.
 Volatile 0il—The properties of the oil were as fol-
lows: djse ©0.8721—0.8733; n%° 1.4732-1.4733; oa%°
+14.41° to +17.26°. Five hundred grams of the
oil gave the following results on fractionation:

Distillate Distillate

Temp. (corr.) observed cumulative 150

e Per cent Per cent du® yy
155.9-156.9 4.75 4.75 0.8602 1.4674
157.0 10.25 15.00 0.8603 1.4676
157.1 10.25 25.25 0.8602 1.4677
157.2 10.20 35.45 0.8599 1.4678
157.4 10.33 45.78 0.8598 1.4679
157.8 9.94 55.72 0.8594 1.4680
158.2 9.80 65.52 0,8588 1.4680
160.0 10.52 76.04 0.8576 1.4685
171.8 10.07 86.11 0.8536 1.4705
190.0 399 % 90.10 0.8511 1.4818

9.80 99.90

a-Pinene—After repeated fractionation 398.5 grams

of oil were obtained boiling below 160°. Ten grams
of a fraction, b. p. 155.5-157°% diso 0.8612, o23°
+35.36°, gave only o0.78 gram (7.8 per cent) of
pinene nitrosochloride, m. p. 99°; nitrolpiperidine,
m. p. 118°. The low yield of nitrosochloride is doubt-

less due to the high optical rotation of the pinene
fraction. The fraction, b. p. 160-170° weighing

.5 grams was examined for $-pinene with negative
results.

Limonene—The limonene fraction weighing
grams had the following properties: b. p. 170-180°;
al®® —1.18°. A crystalline tetrabromide was not
obtained but a dihydrochloride, m. p. 49°, was easily
‘secured.

Cadinene—The residue remaining from the original

fractionation was distilled from a Ladenburg flask
and two fractions collected: (1) b. p. 200—250", 18.3
grams; (2) b. p. 250—280°, 20.2 grams; a¥° 4+ 10.58°.
Fraction (2) was found to contain cadinene as shown
by a dihydrochloride, m. p. 117-118°. A 6.14 per
cent ethereal solution gave a38° —2.02°. In the
examination of d- and /-cadinene from wvarious oils
the rotation of the cadinene dlhydrochlorxde has always
been found to be negative.

Colophony—The colophony had the following con-
stants: Acid no. 155.0 by direct titration; sap. no.
163.3. When the colophony was treated with an ex-
cess of N/2 alcoholic potash it yielded 7.22 per cent
of resene soluble in petroleum ether. The colophony
on being dissolved in acetone and allowed to stand
in an ice box for a month deposited a mass of resin
crystals, These crystals were mechanically freed
from oily impurities so far as possible, rapidly stirred
in cold acetone and the solvent decanted. After
four crystallizations from the same solvent, the crystals
obtained melted at 119-120° and were completely
liquid at 120° The resin crystals contained in the
original oleoresin were freed from the greater portion
of the adherent oil by suction. The resulting white,
waxy cake was recrystallized six times from acetone.
The crystals obtained melted at 120-130° and were
completely liquid at 135° Analysis of the silver
salt of the acid follows:

17.5
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o.2214 gram of silver salt gave o.0590 gram Ag = 26.65
per cent. ;
Silver abietate, Ag(CioH190,), requires 26.37 per cent
Ag.
Oleoresin of Pinus Jeffreyi
Oleoresin—The analyses contained in the following
table are of interest in that they represent samples

from individual trees.

Volatile Volatile oil

oil - Water Trash = Colophony ——m—Ar—"

No. Per cent Per cent Per cent Per cent dis® n‘go
} ¥ 11.25 1.23 0.46 87.06 0.7013 1.3963
20N 8.81 1.50 0.44 89.25 0.7018 1.39358
JEhen. 9%73 2.29 0.23 87.75 0.6951 1.3927
45T 10.96 1.42 0.80 86.82 0.7110 1.4002
DLTRNE 9.05 2.00, 0.40 88.55 0,7008 1.4060

Mean. ... 9.96 1.69 0.47 87.88

Volatile Qil—The properties of the volatile oils
are given in the preceding table. The oils from the
five samples were mixed and 175 grams distilled from
a Ladenburg flask with the following results:

Distillate Distillate

Temp. (corr.) observed cumulative
ey Per cent Per cent dis® nlr;r’o
98.2- 98.8 16.74 16.74 0.6880 1.3902
100.0 40.47 57.21 0.6889 1.3903
102.0 22:92 80.13 0.6897 1.3905
105.0 8.17 88.40 0.6906 1.3915
113.0 4.05 92.45 0.6965 1.3937

7.37 99.82

Heptane—The first four fractions amounting to
150 grams were redistilled, using a 12-inch Hempel
column with the following results:

Distillate Distillate
Temp. (corr.). observed cumulative
" No. el Per cent. Per cent dus®
1 98.1-98.3 19.20 19.20 0.6878
2 98.4 40.95 60.15 0.6881
3 98.5 30.07 90.22 0.6881

The boiling points and specific gravities of the
fractions are practically identical with the constants
of pure n-heptane.

Citronellal—The residue boiling above 113° dis-
tilled mainly between 200-215° C. The fraction
with the latter boiling point weighed 6 grams (3.4
per cent) and had: djso 0.8578; n2° 1.4570; a2°
—2.50° The oil had a lemon odor and showed the
following properties of an aldehyde: Combined with
NaHSO; forming a flocculent precipitate, reduced
an ammoniacal silver solution, and produced a rose-
red coloration with a fuchsin solution decolorized
with S0O.. The semicarbazone obtained separated
as oil that crystallized after standing in the cold for
several days. The semicarbazone was twice recrys-
tallized from alcohol, finally from a mixture of chloro-
form and petroleum ether. The crystalline powder
obtained melted at 9g1—92°. Lack of material prevented
the satisfactory formation of other derivatives. Com-
parison with the properties of citronellal from Java
lemon oil* follows:

Optical

Source B. p. dis® nzl.?" rotation

Java lemon oil....... 205-208° -  0.8567 1.44791 ap —3°
Pinus jefireyt. . .cuu- 200-215° 0.8578 1.4570 azl;h —2.50°

1 Schimmel and Company, Berichle, April, 1903, p. 21
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Active citronellal semicarbazone, CyoH;s : NNHCON Ha,
melts at 82.5° the racemic form at 96°. From the
optical rotation of the aldehyde fraction of Pinus
jeflreyi it is possible that the semicarbazone contained
a small amount of the active form resulting in the low
melting point obtained.

Colophony—A sample of “ww” colophony had the

following properties: Acid no. 147.6; sapon. no. 178.1.
The rosin contained 12.5 per cent of resene obtained
in the form of a yellow, very sticky, viscous syrup.
The colophony crystallized from acetone after standing
in the cold for several weeks, differing in this respect
from the colophony of Pinus sabiniana. The crystals
obtained after five recrystallizations from acetone
softened at 130° and melted at 137-8°. When fol-
lowed by a crystallization from a mixture of acetone
and hydrochloric acid they softened at 136° and melted
at 145-6°, becoming completely liquid at 151°.

The resin crystals obtained from the crude oleo-
resin melted at 170-171°. The silver salt of the acid
was prepared and analyzed as follows:

0.3926 gram of silver salt gave o.1027 gram Ag = 26.16
per cent Ag.
Silver abietate, Ag(CiyoH290.), requires 26.37 per cent

Ag.

SUMMARY

The volatile oil of Pinus monophylla contains So—
85 per cent d-a-pinene; 4—5 per cent /- or i-limonene;
4—6 per cent d-cadinene; losses by polymerization,
etc., 4.5 per cent. The colophony contains 7.22 per
cent resene and resin acids isomeric with abietic acid.

The volatile oil of Pinus jefireyi contains about
95 per cent n-heptane and 5 per cent of an aldehyde,
apparently citronellal. The colophony contains 12.5
per cent resene and resin acids isomeric with abietic
acid.

ForEST PRODUCTS LABORATORY
MADISON, WISCONSIN

THE HYDROCARBONS OF UTAH!

By CARrRLOS BARDWELL, B. ARTHUR BERRYMAN, THOMAS B. BRIGHTON
AND KENNETH D. KUHRE

: Received September 20, 1913

About fifteen kinds of hydrocarbons occur in Utah;
the five of these occurring most abundantly—gilsonite,
tabbyite, wurtzilite, ozocerite and rock asphalt—are
the ones selected for this investigation.

Gilsonite? (uintaite) was first described by Blake
in 1885. He gave it the name uintaite because of
its occurrence in the Uinta Mountains. Later the
name gilsonite was adopted because S. H. Gilson,
a prospector, brought it into prominence as an article
of commerce. The deposits of gilsonite are limited
to the Uncompahgre Indian Reservation in Uinta
County, being found in an area extending along the
4oth parallel for about 6o miles.

Tabbyite receives its name from an Indian chieftain,
Tabby. The deposits are in Tabby Canyon, a branch
of the Duchesne, about 8 to ¢ miles south and west
of Theodore, Uinta County.

! This work was done at the suggestion and under the direction of

Dr. W. C. Ebaugh, to whom the authors’ thanks are due.
* Blake, Eng. Min. J., 40, 431 (1885).
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Wurtzilite! (elaterite or mineral rubber) from Utah
was first described by Wurtz, who showed that it is
a distinct mineral. The name elaterite had been used
previously by Dana and other mineralogists to describe
three different minerals of specific gravities ranging
from o.9os to 1.223. The region in which wurtzilite
is found covers an area of about 100 square miles be-
tween ‘Indian Canyon and Sam’s Canyon, branches of
Strawberry Creek, about 3o miles due north of Price,
Utah. j

Ozocerite (mineral wax) has been known for many
years on account of the economic value of the large
deposits in Galicia, Austria. The only other deposit
known to be of commercial value is that in Utah.
This deposit begins about two miles west of Colton,
Utah County, and extends to about four miles west of
Soldier Summit, a distance of 12 miles. The belt
is 2 miles wide. This area may be divided into three
parts:®> (1) near Colton, on the north side of the
Price River valley; (2) to the east of Soldier Summit
where the railroad crosses the crest of the plateau;
and (3) near Midway Station, on the north side of the
canyon, near the source of Soldier’s Creek.

Heretofore rock asphalt has usually been called bi-
tuminous sandstone, but the former name is growing
in popularity, especially in Utah. The largest deposit
in the state lies south and east of Vernal, north of the
White River and between Ashley and Uinta valleys.?
This deposit attains a thickness (in places) of twenty
feet, but at present it is too far from a railroad for
successful commercial exploitation. Another deposit
occurs in Spanish Fork Canyon, southeast of Thistle,
and still other immense deposits are found (1) in the
tributaries of Whitmore Canyon, near Sunnyside,
(2) at the head of Willow Creek, a tributary of the
Green River, in the Book Cliff Mountains, and (3)
in the Laramie sandstones near Jensen, on the Green
River. A deposit of bituminous /limestone occurs
at the head of the right-hand branch of Tie Fork,
a canyon entering Spanish Fork Canyon, 2 miles
west of Clear Creek Station. An area underlaid by
bituminous limestone, about 50 miles long east and
west by 1o miles wide north and south, lies just north
of Colton and south of Strawberry Creek, extending
from Antelope Creek on the east to Thistle on the west.*

HISTORICAL

In reviewing the literature of these substances one
finds that a great deal has been ‘published concerning
gilsonite and ozocerite, but not much about wurtzilite,
tabbyite and rock asphalt. Day, working with gil-
sonite, attempted to isolate ‘‘such single hydrocarbons
or their derivatives as would give some information
as to the real nature of the mineral itself.”” He gives
an outline of the physical characteristics, solubilities,
etc., of gilsonite, and describes the character of the
residue from each solvent as well as the nature of the
dissolved portion. Proximate and ultimate analyses

1 Wurtz, Ibid., 49, 59 (1890).

2 Taff and Smith, U. S. Geol. Survey, Bull. 285, 369 (1905).

3 Wigglesworth, Trans. Am. Inst. Min. Eng., 17, 115 (1888).

4 Eldridge, U. S. Geol. Survey, I7th Ann. Rept., 1896, 915, ¢l seq.;

2Z2nd Ann. Rept., 1900-01, 332.
$ Day, J. Frank. Inst., Sept., 1895, 221, el seq.
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are given. From a study of the distillation products

of gilsonite he concludes that the oil obtained belongs

to the paraffin series of hydrocarbons, and is made up
of a number of distinct substances, just as is petro-
leum. He obtained from the distillate volatile with
steam, oils which seem to correspond to those described
by Peckham! as obtained from California bitumens.
These had an odor similar to quinoline, and to him this
was an evidence of the relationship of California bit-
umen and of gilsonite and of their animal origin.
Day gives also the results of treatment with nitric acid
and descriptions of the products and their properties,
concluding that some members of the naphthalene
series are present. i

Eldridge® described the location of the hydrocarbon
deposits and the geology of the district. He states
that the cracks in which gilsonite is found were formed
by the gentle folding that produced the Uinta Valley
syncline. He describes the properties of the gilsonite
coming from near the surface where, through atmos-
pheric agencies, it has lost its luster and become pencil-
lated in structure. From a study of conditions he
concludes that the gilsonite found its way into the
fissures as a plastic mass, coming from below under
pressure, and though of high viscosity, sufficiently
fluid to be pressed between the grains constituting
the wall rocks. He frankly confesses his lack of ability
to suggest the condition under which the gilsonite
existed prior to its flow into the cracks. An analysis
of gilsonite by Day is quoted as follows:

Percentages
Volatile matter o e e A e 56.46
Fixed carbon s ast (ot el s e s e 43.43
Y s A s o B O S e S b 0.10
or
AR DO e e e Bt e e e S e e e e 88.30
D Qe W e e e N A e i S is 9.96
T S N R G U A T e 1.32
7Y R RS e e § e s B S S e S e 0.10
Oxygen and nitrogen (undetermined)................ 0.32

Locke,® Blake,* Raymond,® and Wurtz® describe the
uses of gilsonite, its solubilities, methods for ‘“‘fluxing”
it, etc. The earlier analyses of asphalts gave rather
large percentages of oxygen, but this was probably
because the presence of sulfur had not been recognized
and the oxygen was supposed, with the carbon and the
hydrogen, to make up the ash-free bitumen. Never-
theless some analyses which report sulfur and nitrogen
also report small amounts of oxygen.” By some author-
ities, as Richardson and Peckham, oxygen is considered
as foreign to natural asphalts.

In the first reference to wurtzilite, Blake® describes
it from a physical standpoint, noting its occurrence,
hardness, color, specific gravity, fusibility, electrical
properties, etc. He explains the difference between
wurtzilite and .gilsonite,® and shows that the Utah
wurtzilite is an entirely distinct mineral from the elater-

1 Peckham, Am. J. Sci., 48, III, 250.

? Eldridge, U. S. Geol. Survey, 22nd Ann. Rept., 1900-01, 330.
3 Locke, Trans. Am. Inst. Min. Eng,, 16, 162 (1887).

4 Blake, Eng. Min. J., 40, 431 (1885).

8 Raymond, Trans. Am. Inst. Min. Eng., 17, 113 (1888).

S Wurtz, Eng. Min. J., 48, 114 (1889).

7 Sadtler, THIS JOURNAL, 5, 393 (1913).

S Blake, Eng. Min. J., 48, 542 (1889).
9 Blake, Trans. Am. Inst. Min. Eng., 18, 497 (1889).
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ite of Dana and other mineralogists. Wurtz! confirms
the conclusions of Blake.

Utah ozocerite is very similar in properties to that
from Galicia, but as it contains less oily material and
is firmer, it is more valuable. Many popular accounts?
of its mode of preparation, uses, etc., are to be found,
but nothing concerning its chemical composition,
distillation products, etc.

With the exception of occasional references to the
location of bituminous sandstones in Utah, nothing
could be found about rock asphalt.

USES OF UTAH HYDROCARBONS

An investigation of the uses of Utah hydrocarbons
shows them to be surprisingly numerous and varied.
Many of our commonest articles are made from these
substances. Before the discovery of gilsonite in Utah,
European and Asiatic asphalts were shipped into the
United States; now, because of its abundance and purity
large quantities of Utah asphalt are shipped to foreign
countries. The production of gilsonite during the
last two years has increased rapidly, due to the greater
number of articles made from it. In 1910® the produc-
tion was 30,000 tons; in 1912, over 50,000 tons. It is
worth about $20.00 a ton, f. 0. b. Utah.

Wurtzilite is little used because of its insolubility.
About 1,000 tons are produced annually.

Ozocerite is of greater value than gilsonite, the price
in New York being 15 to 28 cents per pound.* No
data could be found as to the production of ozocerite,
but at present the demand far exceeds the supply.

Perhaps the most extended use that has been made
of Utah asphalts is in the paving industry. Gilsonite
has been used in paving the streets of many important
cities,® e. g., Michigan Avenue, Chicago, where it is
said to be giving satisfaction under the most exacting
requirements. Rock asphalt was used® in paving
Second South Street between West Temple and First
West Streets, Salt Lake City, and the surface is now
in fair condition, although it has had practically no
repairs during its 16 years of service.

Another important use for Utah hydrocarbons is
in the manufacture of varnishes and paints.® Oanly
the purest and best materials are used for these
purposes, the refined hydrocarbons being dissolved
in turpentine and linseed oils. Wurtzilite has been
used in the manufacture of a varnish in which the par-
ticles are simply held in suspension, but do not enter
into solution.

Some of the uses of the individual Utah hydrocarbons
are as follows:

Gilsonite’—Paving industry, electrical insulators,
roofing papers and compounds, water-proofing wooden
and steel pipes and masonry aqueducts, preventing
electrolytic action on iron plates of ship bottoms,

1 Wurtz, Eng. Min. J., 49, 106 (1890).

* Higgins, Salt Lake Mining Review, 14, 11-5 (Oct., 1912). Culmer,
Salt Lake Tribune (Dec. 29, 1912); Taff and Smith, U. S. Geol. Survey,
Bull, 285, 369 (1905).

3 Culmer, Address, Univ. of Utah, Nov. 15, 1912.

4 Higgins, Sall Lake Min. Rev., 14, 11-5 (Oct. 15, 1912).

5 Locke, Trans. Am. Inst. Min. Eng., 16, 162 (1887); New Internatl.
Encyc. Article on ‘‘Asphalt;” Culmer. loc. cif.; Richardson and Parker,
U. S. Geol. Survey, Min. Resources of U. S., 1893, 627-69; Taff and Smith,
U. S. Geol. Survey, Brull. 285, 369 (1905).



Dec., 1913

coating barb wire fencing, coating sea walls of brick
or masonry, lining tanks for chemicals, coating poles,
posts and ties, toredo-proof pile coating, smokestack
paint, lubricant for heavy machinery, substitute
for rubber, as binder pitch for culm in making bri-
quettes and egette coal.

Tabbyite— Compounds with Para rubber to ‘manu-
facture floor mats, rubber paints and roofings; as a
filler for rubber in automobile tires, etc.

Wurtzilite—Varnishes, roofing compound, etc.

Ozocerite.—Electrical insulator (said to have about
four times the specific resistance of paraffin), altar
candles, substitute for beeswax, ointments, pomades,
salves, water-proofing, waxed paper, wax dolls ‘and
figures, telephone receivers, phonograph records, elec-
troplating, water-proof crayons, shoe polish, buttons,
ceresine, floor polishes and waxes, water-proofing
cartridges, sealing way, etc.

Rock Asphalt—Paving industry.

EXPERIMENTAL RESULTS

The results of the first tests made upon eight samples
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classes,! viz., those soluble in 62° naphtha (malthenes)
and those insoluble in carbon tetrachloride but soluble
in carbon disulfide (carbenes). Our solubility tests
were made by allowing one-gram samples, finely ground,
to.be in contact with excessive amounts of the solvents
for 12 to 18 hours, filtering upon ignited asbestos in
a Gooch crucible, washing with the pure solvent,
drying at 100° C. and reweighing. Great difficulty
was found in filtering some of the samples, especially
the Trinidad asphalt.

Table IT gives the ultimate composition of the samples

TaBLE II
Substance  Trin. Ber. Gils. Tab. Wur. 1 Wur. 2 Ozok. R.A.
Carbon..... 51.06 77.52 85.25 81.32 76.90 79.40 '85.35 9.55
Hydrogen... 5.84 8.90 10.55 10.40 11.20 10.55 13.86 1.10
Sulfuri...... 4522854570300 0552 1.24 4.00 4.34 0.29 0.78
Nitrogen.... 0.66 0.89 2:.21 21022718 2.10 0.36 0.31
Ash i oiie: 353709525232 0.89 4.65 1.50 3.36 0.04 88.05

as determined by the ordinary combustion method,
with lead chromate and copper oxide in the combustion
tube. Great care must be taken in starting a combus-
tion to prevent the too rapid distillation of the volatile

of hydrocarbons are given in Table 1.2 They are components present in the samples. Nitrogen was
TapLe I
Original substance Trin. Ber. Gils. Tab. Wur. 1 Wur. 2 Ozok. R. A,
Loss 212° F., 1 hr., percent......... 0.073 0.1765 0.353 0.91 0.53 0.21 0 0.14
Loss 325° F., 7 hrs., per cent...... s 1.717 6.63 0.217 2.78 2.76 1.66 45.41 1.43
Penetration residue................. 0 30 0 0 0 0 15 0
New sample loss 400°, 7 hrs......... D20 9.71 0.85 6.40 3.88 1.88 65.20 1.79
Penetration residues; - iilive i B0 0 0 0 0 0 0 0 0
Bitumen'sol=aniCSa st ol W0 60.36 90.93 99.64 94.63 10.83 8.10 99.46 11.34
*Org. matter insol. in CSz............ 3.94 3.74 0 0.72 87.68 88.54 0.50 0
Inorg. or mineral matter............ 35.70 5.32 0.36 4.65 1.50 3.36 0.046 88.66
wt. increased
Bit. sol. in 62° naphtha............. 41.00 34.40 61.70 58.50 2.762 2.74? 81.71 9.25
This is per cent of total bit.......... 68.00 38.85 61.85 61.85 39.10 33.85 82.20 81.50
Carbenes: bit. insol. in CCli ........ could not filter 0 0.18 1.75 1.57 1.65 2.51 1.59
Bit. more sol. in CCli... oo .. .. .. BB 1.37 0 0 0 0 0 0
Original loss on ignition............. 64.30 94.68 99.64 95:35 98.50 96.64 99.96 11.34
Rixedicarbona it o s sianirar s 36.69 39.60 43.13 37.45 35.60 10.03 6.85
4.22 4.70 0.52 1.24 4.00 4.34 0.29 0.78
1.372 1.05 1.018 1.006 1.032 1.004 0.891 2.097
dark brown nearly black brown brown brown brown brown brown
dull glossy glossy slightly glossy glossy glossy dull dull
conchoidal conch. conch. conch. conch. conch. conch. oty
1 <1 2 <1 1 1 <1 S
tarry tarry slightly tarry petroleum tarry tarry petroleum slightly oily
203 132 320 264 {above b. p. 134 e
266 181 377 275 mercury 140 i
0 30 0 0 0 30 0
the standard tests recommended by Richardson®? determined by a modified Kjeldahl method, with sub-

and are meant primarily to determine the fitness of
the materials for asphalt paving. No one of the ma-
terials as it occurs in nature comes up to the stand-
ards completely, but in the cases of Trinidad, Bermu-
dez, rock asphalt and gilsonite the bitumen could be
mixed with heavy petroleum oils and given the required
penetration and other physical properties. As our
work is concerned with the properties of the materials
as they occur in nature no compounding was done.
For the use of a standard machine for making the pene-
tration tests we are indebted to the office of the City
Engineer, Salt Lake City.

The bitumensin asphalts are divided into two general

! New Internatl. Encyc., Article on ““Asphalt;”’ Higgins, Salt Lake Min.
Rev., 14, 11-5 (Oct. 15, 1912).

* For purposes of comparison determinations were carried out also
upon samples of refined Trinidad and Bermudez asphalt kindly supplied
by the New Vork Testing Laboratory.

? Richardsou, The Modern Asphalt Pavement, 1905, 168.

sequent distillation into an excess of standard sulfuric
acid. Sulfur was determined by a modification of
the Eschka method,? 7. e., roasting a weighed sample
of material with zinc oxide and sodium carbonate,
leaching with water, filtering, acidulating with hydro-
chloric acid, and precipitating and weighing barium
sulfate as usual. Ash was determined by (1) re-
weighing the boat after a combustion, or (2) by burn-
ing a one-gram sample in a platinum dish. In two
cases the ash was analyzed. The results are given in

Table I1a.

TaeLg Ila
Ash analysis Si0s Fe:0: ALO;  CaO MgO
Rock asphalt.> it iosiSs S 78.20 2.20 9.00 5.60 2.10
Tabbyite it e 35:35102050% = 9,804 29,504t 9.45

Table III records the results of a series of solubility

1 Richardson, loc. cil.
2 Ebaugh and Sprague, Jour. Am. Chem. Soc., 29, 1475 (1907).
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tests. The treatment with solvent lasted for 18 hours,
and a motor-driven shaking device produced thorough
mixture of sample and solvent. The hot extractions
were made with boiling solvent in a flask fitted with a
reflux condenser.

TasLg IIT

Solvent Trin Ber. Gils. Tab. Wur, 1 Ozok. R. A.
Amyl alcohol....... Insol. Insol. Inl. 4 Insol. Insol. Insol.
Ethylether:tiicii 109 145 (7] 46 Insol. 13 14
Ethyl acet 30 rudfad e s

yl acetate..... : 2. 3 3 nsol. 4

*5
Amyl nitrate........ 84 395551 Insol. Insol. 7 16
Amyl acetate....... 132 37 86 Insol. Insol. 1 Insol.
B enzol S suan s 48 36 71 35 Insol. 18 12
T oluole e TS 39 33 72 57 0.09 Very sol. 14
Turpentine......... 115 116 60 63 45 Very sol. 29
Nitrobenzene 39 24 9 14 e
""" Insol. Insol. 3

o *33 *2

line i ey K 5
aaline < Lol { Insol. Insol. {Insol. Insol. Insol.

X105
hloroform....... i 2 .
Chloroform 10 32054 33 { 0.96 83
Carbon disulfide..... = 0 (=) 55 13.45 © Very sol.
Carbon tetrachloride © 0 44.30 36.00 1.8 12
62° Naphtha.....,. Very sol. 63 5 6.80 2.8 7 18
*]

Ethyl alcohol..... b sol.

s Lol gosol Insol. {Insol. Insol. Insol. Insol.

*1 11

Propyl alcohol.... .. - 3

R gocl S0k {Iusol. Insol, Imsol, Insol. Insol.

Numbers refer to grams soluble in 100 grams cold solvent.

* Grams soluble in 100 grams boiling solvent.

Table IV gives the results of the fractional distilla-
tions of the hydrocarbons. A number of distillations
at reduced pressure were tried, but the results were
not satisfactory, and work along this line was dis-
continued for lack of time. It was noticed, however,
that (1) gilsonite is soluble in its own distillate and
in those from wurtzilite and tabbyite, (2) tabbyite
is soluble in the distillates from gilsonite and wurtzilite,
but (3) wurtzilite is insoluble in its own distillate and
in the distillates from gilsonite and tabbyite. Gilson-
ite is soluble in stearin and hot paraffin, but wurtzilite
is insoluble in both of these materials.

TApLE IV
Substance Trin Ber. Gils, Tab. Wur. 1 Ozok. R.A.
O=150% Ciisnas 14.93 9.89 9:34 3,12 16315 0.21 0.91
1502002 Con s 10.42 7:99:5:5.34 111193 #2170 8791 3.22
200=-250°2:C.0 2.26 16.08 12.84 24.87 22.82 8.38 0.29
250=3002:CEL o 21.12:.28,99 13.21 0.91 17.69
300-350%C.. s 4377525780
350=4002 Crivii s 2061 85 ST
Total volatile...... 27.61 55,08 56.51 57.90 61,58 87.93 4.42
Fixed carbon...... 36.69 39.60 43.13 37.45 36.92 10.03 7.53
ASh R e 35.70  5.32 0.36 4.65 1.50 0.04 88.05
100.00 100,00 100.00 100.00 100.00 100.00 100.00
CONCLUSIONS

The marked differences in the physical and chemical
properties and in the compositions of the five hydro-
carbons are established. Tabbyite is shown to be a
distinct substance. The reported insolubility of wurt-
zilite is amply confirmed.

UNIVERSITY OF UTan
SALt LaRe Crry

AND ENGINEERING CHEMISTRY Vol. 5, No. 12

WINKLER’S METHOD FOR THE DETERMINATION OF
OXYGEN IN WATER; THE EFFECT OF NITRITE
AND ITS PREVENTION*

By Fraxk E. HALE AND Tuomas W. MELIA

The accuracy of Winkler’s method® for the deter-
mination of dissolved oxygen in water under usual
conditions has been shown by many investigators.
Comparison with Bunsen’s direct estimation of the
oxygen by boiling off the gas and determining the .
amount by gasometric analysis was carefully made by
Winkler, himself, and later by Chlopin,® by Gill,* and
by Birge and Juday.®

EFFECT OF NITRITE AND ITS CORRECTION

Considerable criticism has arisen of late regarding

the Winkler method because of the effect of nitrites
upon the results. If the effect were quantitative, a
correction could be applied according to the following
formula: .
H—0—N=0 + H-I = H—-O—H 4+ N=0 + I
in which N is equivalent to I and to !/, O, and each
part per million of nitrogen as nitrite would increase
the apparent oxygen content by 8/14 X 1 or o.37
p. p- m.

But the reaction is catalytic, the N=0 taking up
oxygen from the air to again form nitrous acid so that
the effect under certain conditions may be considera-
ble. .

The present experiments were undertaken to ascer-
tain the extent.of the error with varying amounts
of nitrite and if possible to find a simple method of
prevention.

It is hardly necessary to describe the Winkler method
as the details are in many text-books. The water to
be examined, in our work, was poured through a fun-
nel, keeping the funnel full, to the bottom of 300 cc.
bottles, having tight fitting, well ground glass stop-
pers, and overrun until all water in contact with air
in the bottle was removed. Then 1 cc. of a nitrite
solution was introduced by a pipette at the bottom,
the stopper inserted so as to exclude any air bubbles
and the oxygen determined. In order to keep condi-
tions alike a solution of nitrite was made of such strength
that it contained 500 p. p. m. of nitrite, expressed as
nitrogen. Varying quantities of this solution were
then made up to 1o cc. and 100 cc. volumes from which
1, cc. was introduced into the bottles according to the
amount of nitrite desired. Table I shows the amounts
needed.

The results were tested by the usual colorimetric
method of Griess and found to be correct.

In the determination of the oxygen the manganous
sulfate and the potassium hydroxide-potassium iodide
solutions were carefully measured, 2 cc. of each being
introduced at the bottom of the bottle so as to dis-
place an equal amount of the water tested. The bot-

tle was well shaken and the precipitate allowed to

{ tanl
! Paper presented at the 48th meeting of the American Chemica

Society, Rochester, September 8-14, 1913
*L. W. Winkler, Ber. d. chem. Ges., 21,
(1889).
3 Chlopin, Archives f. Hygiene, 27, 18 (1896).
 Report of Metropolitan Sewerage Commission, N. Y., 401 (1910).
5 Birge and Juday, Wisconsin Survey Bulletin, 22, 11, 12 (1911).

2843 (1888); 23, 1764
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TABLE I-—NITRITE SOLUTIONS

Amount of Nitrite
original sol. p. p. m.
0.6 cc. 0.010
192 ccs 0.020
1.8 ce. p diluted to 100 ce. 0.030
2.4 cc. [ 0.040
3.0 cc. 0.050
0.6 cc. then 1 cc. added to 300 ce. equal 0.100
152 cc’ 0.200
1.8 ce. ; 0.300
AR diluted to 10 cc. 0.400
3.0 ce. 0.500
6.0 cc. 1.000
1.2 ce. 2.000
1.8 ce. 3.000
kot added to 300 cc. 4.000
3.0 cc. 5.000
settle well before adding the acid. Hydrochloric

acid, concentrated, reacts most quickly. About 2
cc. are needed. This is also better introduced at the
bottom because the catalytic nitrite action can take
place only in acid solution and in the presence of air.
Correction for displacement is required only for the
first two solutions. The titrations were made upon
100 cc. using N /100 thiosulfate.

The following table shows the effect of varying
quantities of nitrite upon the oxygen determination:

TaBLE II—SHOWING EFFECT OF NITRITE

Ce. N/100

Nitrite thiosulfate ~ Oxygen Differences
p. p. m. Water used per 100 cc.  p. p. m. p. p. m.
0.003 Brooklyn tap 12.70 10.31 5
0.010 Brooklyn tap 12.60 10.23 —0.08
0.020 Brooklyn tap 12.70 10.31 =0.00
0.030 Brooklyn tap 12.60 10.23 —0.08
0.040 Brooklyn tap 12.60 10.23 * —0.08
0.050 Brooklyn tap 12.55 10.19 —0.12

distilled 13.10 10364 i ot ind
0.100 distilled 13.15 10.68 +0.04
0,100 distilled 13.20 10.72 -+0.08
0.200 distilled 13.30 10.80 +0.16
0.200 distilled 13.50 10.96 +0.32
0.300 distilled 13.00 10.56 —0.08
0.300 distilled 13.60 11.04 +0.40
0.400 distilled 13,60 "11.04 +0.40
/0.500 distilled 13.70 11.12 - -+0.48
1.000 distilled 15.50 12,58 +1.94

It will be seen from these results that the effect of
nitrite is inappreciable with amounts below o.200
P. p. m. and the ordinary run of waters rarely contain
sufficient nitrite to affect the accuracy of the results.
Winkler himself placed the danger point at o.100
P. p. m. nitrite. :

As the nitrite is increased the end reaction is not
pérmanent and the starch blue color comes back so
quickly that considerable error is caused. That the
action is catalytic and accumulative is shown by the
following facts: ;

A sample with o. 500 p. p. m. nitrite kept three days
tightly stoppered after the reagents had been added
ready to titrate gave the same result as above, the
€rror, o.48 p. p. m., occurring during titration. The
same sample kept three days exposed to air required
21.3 cc. NN /100 thiosulfate, equivalent to 17.30 p. p. m.
OXygen, an error of 6.66 p.p. m. A sample with
1.000 p. p. m. nitrite kept three days in acid condi-
tion in contact with air required 23.85 cc. thiosulfate,
equivalent to 19.37 p. p. m. oxygen, an error of 8.73
P. p. m.
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Winkler,! and also Max Miiller,? tried to correct the
error by adding acid and iodide and making a separate
titration and correction, but this could not accomplish
the result since the reaction is catalytic and varies with
the time of exposure to the air. Rideal and Stewart?
in 1g9or recommended preliminary treatment with
permanganate in acid condition and neutralization
of excess permanganate by oxalate to eliminate the
nitrite error. Rideal and Burgess* advised a colorim-
etric method in rgog in the bottle, correcting for ni-
trite.

As nitrite may be oxidized and quantitatively deter-
mined by permanganate by the method of Kinnicutt
and Neff it was hoped that by allowing for a certain
length of time contact in alkaline condition before
acidifying, the manganese oxyhydrate could be made
to destroy the nitrite and introduce thereby a known
error. The following table gives the results of our
experiments, using distilled water:

TABLE III-—SHOWING RESULTS AFTER STANDING IN ALKALINE CONDITION

Cc. N/100
Nitrite Time in alka- thiosulfate Oxygen  Difference
p. p. m. line condition peril 00 ccltnp epams p. p. m.
3 hours 11.40 9.26
3 hours 11.40 9.26 o
18 hours 11.38 9.24 —0.02
18 hours 11.42 9.27 +0.01
1.000 0 hour 14350 a5 11%:77: -+2.51
1.000 1/4 hour 14.20 11.53 +2.27
1.000 1/2 hour 16.00 12.99 +3.73
1.000 1 hour 14.70 11.94 +2.68
1.000 1.5 hours 14.90 12.10 +2.84
1.000 2 hours 14,80 12.02 +2.76
1.000 18 hours 15.20 12.34 +3.08

This procedure failed completely as the errors re-
mained high and irregular. :

The next attempt was to try a weaker acid, acetic,
instead of hydrochloric. This gave unsatisfactory
results since the precipitate would not readily entirely
dissolve even though a large excess of acid was added
to the portion titrated. But as the results were not
high the procedure was modified by adding hydro-
chloric acid to dissolve the precipitate, being careful
to exclude all air, then crystals of sodium acetate were
introduced quickly to neutralize the hydrochloric
acid and render the solution acid with acetic acid.
After the solution contains only free acetic acid it
may be exposed to the air without any danger of
nitrite interference. The color never .comes back.
The end reaction is slightly slower in titration but not
so as to appreciably lengthen the operation, simply
requiring a little care not to overrun the end point.
It was found that 2 cc. of hydrochloric acid, introduced
at the bottom of the bottle to prevent the acidified
solution coming in contact with air, was sufficient to
dissolve all of the precipitate, and 4 grams of sodium
acetate crystals would neutralize the excess of hydro-
chloric acid added and produce sufficient free acetic
acid to bring about a proper reaction. As the crys-
tals entrained air, it was feared that a slight error
might be introduced in that way, but such did not

11,. W. Winkler, Ber. d. chem. Ges., 21, 2843 (1888); 22, 1764 (1889).
2 Max Miiller, J. Soc. Chem. Ind., 8, 923 (1889).

3 8, Rideal and C. G. Stewart, Analyst, 26, 141 (1901).

4 Rideal and Burgess, /bid., 34, 193 (1909).

5 Sutton, 'Volumetric Analysis,”” 10th Edition, p. 288.
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seem to be the case as the solution contained free
acetic acid before the air affected the nitrite. Pellets
were compressed containing 4 grams of sodium ace-
tate and tried also, but while the results were as ac-
curate the pellets dissolved very slowly and intro-
duced just as much air. The crystals were tried with
the idea of displacing as little liquid as possible, but
both crystals and pellets displace three cc. of solution
for which correction must be made as it contains
iodine previously set free by the hydrochloric acid.
The following table gives the results of these experi-
ments:

TABLE IV-—SHOWING RESULTS WITH SODIUM ACETATE CRYSTALS

T

2 3 3
& g ot el
‘E‘ o g @ 'g ; n. o
& 3 & g Siakg G 2
g 4 g8 o asosed 3 -
= Z iU 5 =58 % 3 o
= Z gy gl g
Z < ® = 3] oA &
52 4 co. HCl conc. (@) ool Han 11.15 9.05 .. Blank
1.0 Acetic conc.(a) uncertain 11.00 8.93 —0.12 Failure
1.0 4 cc. HCI cone.(@) crystals returned 14.00 11.48 +-2.43 Excess
HCI
1.0 4cc. HCL1: 1(@) crystals sharp 11.30 9.26 +0.21
1.0 2 cc. HCl conc.(b) crystals  sharp 11.00 9.02 —0.03 .....
4cc. HCIL: 1(@) | ., 10.90 8.85 —0.05 Blank
4cc.HCIL : 1(@) .. 11,02 8.95 +0.05 Blank
.. 4cc, HCL1 : 1(@) crystals sharp 10.85 8.90 .. Blank
1.0 4cc. HCL1: 1(@) crystals sharp 11.24 9.22 40.32
0.5 4cc. HCI1: 1(@) pellet sharp 11.00 9.02 +40.12
1.0 4cc. HC11: 1(8) pellet sharp 11.22 9.20 +0.30 .....
2.0 4cc. HC11: 1(@) pellet sharp 11.15 9.14 +0.24
5.0 4cc. HCI1: 1(8) pellet  sharp 11.03 9.05 +0.15
2 cc. HCl conc.(0) .. 11.00 8.93 —0.09 Blank
... 2cc. HCl conc.(b) crystals sharp 11.00 9.02 .. Blank
1.0 2 cc. HCI conc. () crystals sharp 10765 = B8R4 =028 Ror e
1.0 2 cc. HCI cone.(®) crystals sharp 11.20 9.18 +4-0.16 Excess
starch
1.0 2 cc. HCI conc.(®) crystals sharp 10.90 8.94 —0.08 Little
starch
1.0 2 cc. HCl cone.(b)  crystals sharp 11.05 9.06 --0.04 Careful
e end-
point

(@) Acid added at top of bottle.
(b)Acid added at bottom of bottle.

It will be noticed that when the acid was added at
the top of the bottle there was a slight tendency for a
positive error. This was counteracted by adding the
acid at the bottom of the bottle, as shown in last re-
sults.

Some of the above solutions were allowed to stand
over night in contact with air and were then again
titrated. All gave considerably lower results, not
varying with the amount of nitrite, 1—5 p. p. m., but
constant, showing a complete prevention of the nitrite
reaction, and also showing that solutions acidified
ready for titration should not stand in contact with
air for several hours before titrating.

In order to further simplify the procedure a strong
solution of potassium acetate (which is much more
soluble than the sodium salt) was made by dissolving
100 grams of the crystals in 25 cc. of hot water and
filtering. The crystals increased the volume to about
8o cc. At first this syrup was used. Later the syrup
was diluted to roo cc. This makes a stable solution,
1 cc. of which contains 1 gram of potassium acetate.

The following table shows the excellent results ob-
tained in the presence of 1 p. p. m. nitrite with the
use of this potassium acetate solution.
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TABLE V—SHOWING RESULTS WITH POTASSIUM ACETATE SOLUTION

n

' Ve 5
E S0 SR B
& S g8 e e
= ol e : ]
a1 T £% 20 Saig st
Y 3 ) = St b ot
= 4o i i S
) ) 8= = BIO e o
= ‘g ot =] G ® =
Z < ~ 5 9] (o} (a]
2:iccisH Cliconcyi=aniismn i s sharp 9.5 7.70 —0.03
2 ce. HCI conc. 1 cc. = 11/4 grams sharp O S RT13 e
1 2 cc. HCI conc. 1 cc. = 11/4 grams returned 9.5 7.73 =0.00
1 2 cc. HCI conc. 1cc. = 11/ grams returned 9.7 7.90 -+40.17
1 2cc. HCl conc. 2 cc. = 21/ grams sharp 9.5 7.77 +40.04
1 2 cc. HCI conc. 2 cc. = 21/2 grams sharp 9.3 7.61 —0.12
1 2 cc. HCI conc. 2 cc. = 2 grams sharp 9.6 7.85 -40.12

(b) Acid added at bottom of bottle,

Nore.—Since this paper was written the method has been used by the
Sewer Bureaus of N. Y. City in a study of N. Y. harbor. Several hundred
determinations have been made with nitrite sometimes as high as 2 p. p.
m., with entire satisfaction.

EFFECT OF ORGANIC MATTER

It is also claimed that the Winkler method cannot
give accurate results in the presence of organic matter.
Hefelmann and Barth! make this criticism of Miller’s
method which appears to be identical with Winkler’s.
The same criticism has been made as to sewage.

The writers have found no appreciable difference
in results to be caused by heavy microscopic growths
in water, and the following experiments were under-
taken to ascertain to what extent the results might be
lowered by either oxidation or direct combination of
iodine with the organic matter present in sewage.
The sewage employed contained total solids 950 p. p. m.,
loss on ignition 340 p. p. m., fixed solids 610 p. p. m.,
chlorine 185 p. p. m., free ammonia 13.6 p. p. m.,
albuminoid ammonia 8.0 p. p. m., and was taken from
a Brooklyn sewer at Atlantic Ave. and Clinton St.

In a preliminary experiment o.1 cc. of NN /1oo
iodine when added to 25 cc. of sewage containing 1 cc.
each of manganous sulfate solution and concentrated
hydrochloric acid gave a deep blue with starch solu-
tion which did not fade out in thirty minutes.

Bottles of 300 cc.capacity were then filled as for oxy-
gen determination with the sewage, 2 cc. of manganous
sulfate solution added, 2 cc. of concentrated hydro-
chloric acid, and then N /100iodine added. After stand-
ing stoppered five and also thirty minutes, 100 cc.
portions were titrated with N/1oo thiosulfate. The
loss of iodine, expressed as parts per million of equiva-
lent oxygen, was inappreciable, at least not over o.2
p. p. m. Upon standing in presence of air over
night, even, no more iodine was used up apparently
since an increased amount of iodine was present, due
to the effect of the nitrite in the sewage.

The experiment was then tried in a different manner.
The oxygen was determined in distilled water, the
sewage, and mixtures of the two containing 10%;
25%, and 509 of sewage. These mixtures were ob-
tained by filling the bottle with distilled water through
a funnel, as previously described, and then adding
by pipette at the bottom the required amount of sew-
age, forcing out distilled water at the top.

The results were within experimental error. The

~starch blue color returned after titration showing the

presence of some nitrite but there was not sufficient
to affect the accuracy of the results.
1 R. Hefelmann and K. Barth, Chem. Ztg., 13, 1337 (1889).
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The experiment was repeated on 109, sewage mix-
tures containing an addition of 1 p. p. m. nitrite with
and without the use of potassium acetate solution.
As was to be expected, the results were high without
thelfacetate and within experimental error with the
acetate.

The following table gives the results of these experi-
ments:

TaBLE VI—SHOWING LACK OF EFFECT OF ORGANIC MATTER

o N i
: anie s L
s e = Lo )
o g ide
s S S ER A )
SR e B Sedaaiaco @ ]
0 9 a = Ao G oo o 2
oo ey s S o g = o -
) aialg SIS0 o (7] 133
SR Vi) R S Sk gEng
MBS =g Se e b
L E S & SE = g
e g g 30 s RSN H I 1 s e = g
Liquid OO0 O&Oo B O O O (& =
Sewage: it s Seieso MR i3 g 5e 2100 . ses —0.24 et
Sewage N 2 oS 2 R0 452505 5 Ve ==0:20¢ret.
SEWAZE TS ot 20 i 1) S NRE 47 6 SRR S e d 17 § SIS .. =+0.12 ret.
Dist: watersi i =St g e s 55910057, 8057580 .. sharp
Sewage 10500002 50w 20 8.80 7.15 7.22 —0.07 ret.
Sewage 25%... 2 SH Dt 7.55 6.13 6.36 —0.23 ret.
Sewage 507, e 2 a0 i 6.00 4.87 4.91 —0,04 ret.
Sewage 100,002 20 2.50:2.03 2.03 .. ret.
Sewage 10%... 2 .. 2 1 9.85 8.00 7.22 +40.78 ret.
Sewage 10%... 2 1 2 1 9.15 7.45 7.22 +4-0.23 ret.
Sewage 10%,... 2 2552541 8.45 6.91 7.22 —0.31 sharp

PRESERVATION OF SAMPLES

Some experiments were also carried out to determine
the possibility of preserving samples of water for oxy-
gen determination unchanged so that they may be
transported to a laboratory for analysis. Birge and
Juday! give some results on samples which stood up
to six hours. They also quote Spitta,? Gill,® Seyler?
and Dost,® that the oxygen does not change greatly
in 24 hours, even with a 10° rise in temperature, with
exposure to the air, and though the water become
supersaturated.

TABLE VII—SHOWING RESULTS WITH

Time of
Source of sample standing
Mt Prospect Res: 12 foot depth s i o s
Mt. Prospect Res. 12 foot depth.............. 11/2 hours
Mt. Prospect Res. 12 foot depth.............. 18 hours
Mt. Prospect Res. 12 footdepth.............. covnenes
Mt. Prospect Res. 12 foot depth..,........... 13/¢ hours
Mt. Prospect Res. 12 foot depth.............. 20 hours
Gowanus canal o 2 e s 2 hours

From our experience it seems preferable to make de-
terminations on the field, but satisfactory results may
be obtained by using the device that D. D. Jackson®
recommends for putrescibility bottles, that is, a medi-
cine pipette passing through a rubber stopper. If
the samples are below saturation with oxygen, the bulb
may be collapsed and the sample transported with-
out ice, but if the samples are saturated or super-
Saturated with oxygen the bulbs should be left filled

1 Birge and Juday, Wisconsin Survey Bulletin, 22, 17, 18 (1911).

* Spitta, Archives f. Hygiene, 38, 215 (1900).
* Gill, Tech. Quart., 5, 250 (1892).
4 Seyler, Chem. News, 67, 87 (1893).

® Dost, Chem. Centralbl., 77, 1457.
®D. D. Jackson and W. A. Horton, THis Journar, 1, 328 (1909).

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY

979

with the water and the samples iced. The bulbs
take care of the change in volume and thus pre-
vent loosening of the stopper and consequent leak-
age of air. The icing holds the excess oxygen of
supersaturated samples in solution. Samples of sew-
age should preferably be iced to prevent loss of
oxygen by combination with the organic matter
present, and also preserved by 1 cc. of 40% formalde-
hyde as recommended by A. Lederer.! The samples
should be collected in the usual way by passing
the water to be examined through the bottle un-
til all water in contact with air is removed. The
bulb should be filled with some of the same water from
a dish and all air carefully forced out of the bulb with
the pipette pointed upward. It is then quickly in-
serted in the filled bottle, which has been protected
by a glass stopper until now, and either left full or
collapsed according as the samples are iced or not,
respectively. The effect of exposure to air of the water
which fills the bulb is inappreciable, but the presence
of any air bubbles would be serious.

Table VII gives some results with water so collected
and stored.

The first three supersaturated samples lost oxygen
upon storing at room temperature exposed to diffused
daylight, although the sample kept 18 hours still con-
tained more than 2 p. p. m. oxygen over saturation
at room temperature. Bubbles of gas could be seen
collected under the stopper.

The ice-box samples kept very well even though
containing about three parts of oxygen over satura-
tion. The three samples were of course taken sepa-
rately at as near the same depth and spot as possible.

Samples low in oxygen keep perfectly without ice.

SUMMARY

I. Winkler’s method for dissolved oxygen in water
is very easy, rapid and accurate. Duplicate samples

Use OoF BULB PIPETTE AND STORAGE

Ce. N/100
Temper- thiosulfate Oxygen
ature per 100 cc. p- p. m. Remarks

1555 R Ce 15.10 12.26 Supersaturated

255 C3 14.40 11.73 Supersaturated

25 5.Cs 13.00 10.56 Supersaturated
8.35 saturation

15352 C) 15.95 12.95 10.04 saturation

13° C. (icebox) 16.05 13.03

13° C. (icebox) 15.55 12.63

room 0.00 0.00

in routine work ordinarily check within o.1 p. p. m.
oxygen.

II. Nitrite as present in the usual run of waters has
no appreciable effect upon the accuracy of the results.

ITI. Nitrite in quantities upward of o.2 p. p. m.
increases the results by a catalytic reaction, increasing
with increasing amounts of nitrite.

IV. The effect of high nitrite present in any amount
ever occurring in water may be counteracted by the use of
potassium acetate solution (or sodium acetate crystals) to
neutralize the hydrochloric acid before exposure to the air.

1 Tederer, ‘“The Influence of Storage and Various Preservatives upon

the Dissolved Oxygen in Waters,” Sewage Disposal Investigations, the
Sanitary District of Chicago, 1910.
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The procedure then is to add at the bottom of the
bottle 2 cc. of manganous sulfate solution (480 grams
per liter) followed by 2 cc. of potassium hydroxide-
iodide solution (360 grams hydroxide and roo grams
iodide per liter). Shake and settle. Add at the bot-
tom 2 cc. concentrated hydrochloric acid and shake
until the precipitate is entirely dissolved. Then add
2 cc. potassium acetate solution (1000 grams per liter)
at the bottom and mix. Withdraw by pipette 100 cc.
into an Erlenmeyer flask and titrate with N /100 thio-
sulfate, adding a little starch solution at the end.
Correction must be made for 6 cc. of water displaced
by the first two solutions and by the acetate solution.
The acid needs no correction, since it displaces only
water from which oxygen has been removed.

Precautions must be taken to exclude contact with
air as much as possible until the solution is ready to
titrate by replacing the stopper as quickly as possi-
ble after each reagent is introduced; to get complete
solution of the precipitate by the hydrochloric acid;
to give the thiosulfate a little more time to react at
the end point in the acetic acid condition; to use small
amounts of starch solution. For introducing the solu-
tions it is advisable to use pipettes with two marks,
measuring 2 cc., well up on the pipette so as to give
head and not contaminate the upper liquid in the bot-
tle more than necessary while actually displacing
liquid from the bottle in proportion to the amount in-
troduced.

V. Samples for oxygen may be taken and transported
elsewhere for titration in ground glass stoppered bot-
tles with part of the chemicals added, either in alkaline
or acid condition, if kept out of contact with air. The
alkaline condition is preferable, since changes in tem-
perature cannot change results, all the oxygen being
in the precipitate. In either condition if air leaks in
it may increase results, in alkaline condition by direct
absorption, in hydrochloric acid condition by catalytic
action of nitrite. It is not advisable to add the ace-
tate until ready for titration.

Samples for oxygen may best be transported else-
where for determination by using medicine pipettes.
If samples are not saturated with oxygen, the bulbs
should be collapsed and samples transported without
ice; if supersaturated the bulbs should be full of the
water and samples iced.

Acknowledgment is due Mr. W. A. Horton for as-
sistance in many of the determinations. :

MT. PROSPECT LABORATORY
BRrookLyN, N, V.

SULFUR DIOXIDE IN GELATINE!
By PAulL POETSCHKE

Edible gelatin, according to the tentative standard
prepared by the Committee on Food Standards of
the Association of Official Agricultural Chemists, is
the purified, dried, inodorous product of the hydrolysis,
by treatment with boiling water, of certain tissues, as
skin, ligaments, and bones, from sound animals, and
contains not more than two (29%) per cent of ash and
not less than fifteen (15%) per cent of nitrogen. It

1 Presented at the 48th meeting of the A. C. S., Rochester, September
8-12, 1913.
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is used extensively in the preparation of various arti-
cles of food, such as jellies, jams, candy and ice cream,
and it is, therefore, of importance to eliminate, as far
as possible, all contaminating chemical substances.

Sulfur dioxide was formerly employed as a bleach-
ing agent and also in the treatment of the raw mate-
rials used in the manufacture of gelatin, with the
result that the finished product contains considerable
quantities of this substance. It was not until the
Food and Drugs Act of June 30, 1906 went into effect,
that the attention of food chemists was seriously di-
rected to the determination of this substance, not
only in gelatin but also in other food materials such
as wine, dried fruits and sugar products. The products
in which sulfur dioxide was used were readily dis-
tinguishable on account of the considerable amounts
present, but as the use of this substance was dis-
continued in all stages of manufacture, the problem
became more difficult, since sulfur dioxide was still
found in gelatin prepared without the use of this
substance. The origin of the sulfur dioxide found
by analysis, then became a recurring question and
the opinion of many manufacturers and chemists
was that the existing methods of analysis gave in-
consistent and fallacious results. The main object
of the present investigation was to determine the
sources of error involved in the determination of
sulfur dioxide and to develop a uniform and satis-
factory method of analysis. Incidentally, the origin
of the relatively small quantities of sulfur dioxide
found in gelatin prepared without the addition of
this substance was taken up.

EXPERIMENTAL PART—ANALYTICAL

Owing to the wide discrepancies which were ob-
served in the determination of SO, in gelatin, when
the same sample was analyzed by different chemists,
an investigation of the cause of these discrepancies
was undertaken. Much experimental work was re-
quired and, therefore, the various sources of error
are taken up in detail.

In the distillation method, a known weight of the
sample is dissolved in water and distilled, after the
addition of phosphoric acid, in an atmosphere of CO:.
The distillate is collected in an excess of iodine and the
iodine used up in oxidizing the SO, determined "Ohf'
metrically or the resulting H.SO; determined gravi-
metrically as BaSO,. Bromine water is also used a}s
an oxidizing agent, but in this case ‘the gravimetric
method is employed.

I—ADVANTAGES OF GRAVIMETRIC OVER VOLUMETRIC
METHOD

The gravimetric method of estimation of the sul-
furic acid formed is the best method, since the volu-
metric method, in which the excess iodine is titrated
with a solution of sodium thiosulfate, is subject to
considerable error owing to the possible presence of
reducing substances other than SO., which may com.e
over with the distillate. A comparison of the gravi-
metric and the official volumetric method! on a sample
of gelatin gave the following result:

! U. S. Dept. of Agric., Bur. of Chemistry, Bull. 107.
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Gravimetric Volumetric
Per cent Per cent
Sulfursdioxide i e e 0.0085

0.0102

Owing to the fact that the sample contained a small
quantity of SO, a N/s0, instead of a N/10, iodine
solution was used. This sample was selected for this
purpose since the influence of reducing substances
is rendered more apparent when the SO, is low. The
tesult on this sample demonstrates that reducing
substances are evolved and that these are a source
of error to be avoided. It has been repeatedly ob-
served that the iodine containing distillates becomes
turbid, in some cases the cloudiness is very marked,
and this in itself is evidence of the fact that the error
introduced will depend entirely upon the nature of the
sample under examination.

II-—HYDROCHLORIC ACID USED FOR GENERATING CARBON
DIOXIDE

Commercial HCI is frequently used for generating
CO. from marble. It is absolutely necessary to use
chemically pure acid for this purpose since the com-
mercial acid contains free chlorine. In a number
of experiments it was found that free chlorine could
be detected in the distilling flask by means of starch
iodide when commercial HCl was used, even though
the CO, was washed by bubbling through a wash
bottle containing dilute copper sulfate solution.
The free chlorine would naturally oxidize an equiva-
lent amount of SO, in accordance with the following
equation:

SO; + 2H,0 + 2Cl = H,SO; + 2HCI.

III—ADVANTAGES OF IODINE OVER BROMINE

In the gravimetric determination of SO, iodine is
preferable to bromine since it does not oxidize H,S
to H»SO;. Horne! separated the H,S by passing the
distillate through a 2 per cent neutral solution of
cadmium chloride and states that the SO, is not pre-
cipitated but passes on to the iodine, where it is oxi-
dized to H.SOq, to be afterwards precipitated as BaSOs.
The fact is that when the gravimetric method is em-
ployed using iodine as the oxidizing agent, it is not
necessary to remove H,S. This is, however, a neces-
sary precaution when the volumetric method is used.
When H.,S is passed into an iodine solution the fol-
lowing reaction takes place:

H,S + 2I = 2HI + S.

Two experiments were conducted in order to verify
this reaction, especially as to the possibility of oxidizing
some of the H,S to H.SOy.

1. 50 cc. of N/20 iodine solution were diluted to 200 cc.
with distilled water and a current of H.S passed into the solu-
tion until it was decolorized; 5 cc. of concentrated HCI were
then added, the solution concentrated to about 75 cc. by boiling,

filtered and precipitated with BaCl,. BaSO, obtained = 0.0023
gram.

2. This experiment was conducted in the same manner ex-
cept that the HCl was added before passing in H,S. BaSOs
obtained = 0.0020 gram.

A blank determination conducted by diluting 50 cc. of iodine
solution to 200 cc. with water and boiling down to 75 cc., filtering
and precipitating with BaCly, gave 0.0008 gram of BaSOj.

! “The Chemical Determination of Sulfites in Sugar Products,” U. S.
Dept. Agr., Bur, of Chemistry, Bull. 105.
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Taking the average BaSO; obtained in  Experiments
1 and 2 and deducting the blank, we have o.co014

gram of BaSO,, equivalent to o.0004 gram of SO..:

Considering the quantity of H,S. passed through the
iodine and also the fact that no attempt was made
to purify the gas, it is evident that the amount of:
BaSO0; is negligible and that these facts show that none
of the H,S is oxidized to H.SO;.

When H,S is passed into a solution of bromine,
sulfur is first precipitated but further oxidation to
H,50; takes place. This was verified by diluting
50 cc. of saturated bromine water to 200 cc. with
water and passing in H,S until the solution was de-
colorized. The liquid was then acidified with 5 cec.
of HCI, concentrated to 75 cc. by boiling, filtered and
precipitated with BaCl,. A heavy precipitate of
BaS0Os was obtained, indicating that bromine water
oxidizes H.S to H,SO;.

- That bromine oxidizes H,S gnd other volatile sulfur
compounds, thus yielding high results for SO, is
evident from the following experiment: A pound
of fresh round steak was freed from fat and passed
through a meat chopper. A determination of SO,
on the same day by the gravimetric-iodine method
gave two (2) parts of SO, per million. The meat was
allowed to decay and on the fourth day another de-
termination by the same method gave six (6) parts
per million. On the ninth day the meat had a strongly
ammoniacal odor. Two determinations were made,
one by the gravimetric iodine method and the other
by substituting saturated bromine water for the iodine
solution.. Blank determinations were made in both
cases. The following results were obtained:

Sulfur dioxide in
parts per million
L With'jodine s srinutins SR s el 11

Winton and Bailey! obtained similar results by dis-
tillation of beef which was allowed to decompose.
They collected the distillate in bromine after first
passing through a dilute solution of copper sulfate in
order to remove sulfides and mercaptans, the resulting
copper sulfide being weighed and reported as HaS.
In two separate series of experiments on beef which
was allowed to decompose for nine days (calculating
their H.S figures to SO,) they obtained as follows:

Sulfur dioxide
in parts per million

R e e

1 2

Obtained by copper sulfate.. 38 8
Obtained by bromine....... 12 10
Total, 50 18

The authors found that the amount of sulfur as
H,S was larger than the amount of sulfur as SO,
especially in the case of veal. :

It is, therefore, obvious that iodine is preferable
to .bromine since it is not necessary to pass the dis-.
tillate through a solution of a metallic salt, such as
copper sulfate or cadmium chloride, in order to re-
move sulfides when iodine is used.

1 J. Am. Chem. Soc.,»29, 1499 (1907).
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IV—DISSOLVING THE GELATIN

The fact that gelatin is insoluble in cold water,
but swells up in it, and is readily soluble in hot water,
naturally leads some analysts to use hot water in order
to facilitate solution and to prevent the flask contain-
ing the mixture of gelatin and water from breaking,
which frequently results if the flask is heated directly
over a small flame before the gelatin is completely
dissolved. The addition of hot water, although the
flask is quickly stoppered, causes a loss of SO,. The
results of three determinations on a sample of gelatin
which was finely ground and well mixed, gave the

following:
a. 0.0350
Per cent sulfurous acid b. 0.0350
¢. 0.0355

The same sample of gelatin was treated in ex-
actly the same way, except that instead of adding cold,
recently boiled distilled water, hot water was used,
the flask connected to the apparatus and the usual
distillation carried out. It usually required from five
to ten minutes to dissolve the gelatin and during this
time the flask was stoppered. The loss of SO, incurred
by this treatment is apparent from the following
three determinations:

a. 0.0247
Per cent sulfurous acid { b. 0.0265
¢ 0.0212

The above results show that a loss of from 235 to
40 per cent of the total sulfurous acid occurs when hot
water is used to dissolve the gelatin. The same sample
of gelatin was sent to a large commercial laboratory
and the following result was reported:

Per cent sullurous acid = 0.0173.

It appears highly probable that hot water was
used in this case to dissolve the gelatin, since the
determination shows a loss of about 50 per cent of
the total sulfurous acid.

:V—CONCENTRATION OF THE DISTILLATE

Zerban and Naquin,! in their work on sulfurous
acid in molasses, call attention to the fact that if it
is necessary to concentrate the distillate, this should
be done in flasks with narrow openings when gas is
used as a source of heat for concentrating the distillate.

Kithn and Rihle? have conducted a series of ex-
periments in which it was shown that when a solution
of iodine is boiled over a gas burner in a beaker, con-
tamination from the products of combustion of the
illuminating gas takes place and this gives rise to
serious errors. The conclusion is drawn that the
S0, obtained in the distillation of meat is not due
to its formation from sulfur compounds but to con-
tamination from the surrounding atmosphere.

Repeated blank determinations, run on successive
days, demonstrated that a variable contamination
with sulfur took place, since careful tests of the re-
agents used failed to account for the BaSO; obtained
in the blanks. The following experiments were con-
« ducted in order to trace this source of error:

LF. Zerban and W. Naquin, U. S. Dept. of Agriculture, Bureau of
Chemistry, Bull. 116.

2 Z. Nahr. Genussm., 20, 10-9, ¥
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Several blank determinations were made by placing 300 cc.
of recently boiled and cooled distilled water in the distilling
flask (Fig. 1), phosphoric acid added and distilled in a current
of CO,, collecting 200 cc. of distillate in a beaker containing
25 cc. of N/10 iodine solution. The beaker was kept closely
covered with a clock glass provided with a hole in the center
so as to fit over the exit tube of the condenser. The contents of
the beaker were then acidified with 5 cc. of concentrated HCI,
the solution boiled to expel the iodine and precipitated with
10 cc. of BaCl, solution. After standing over night the pre-
cipitate was filtered off and weighed as BaSO..

Date of Gram of barium
Number experiment sulfate obtained
1 Nov. 14, 1910 0.0045
2 Nov. 30, 1910 0.0054
3 Nov. 30, 1910 0.0067
4 Oct. 15, 1910 0.0016
5 Oct. 15, 1910 0.0016

Experiments 2 and 3 were run side by side, and including 1,
on the same iodine solution. Experiments 4 and 5 were run
on a new iodine solution.

The following experiments were conducted by direct precipi-
tation, that is, 25 cc. of iodine solution, used in 4 and 5, were
diluted to 100 cc., 5 cc. of concentrated HCIl added, boiled to
expel the iodine, and precipitated with BaCl,. Experiments
6 and 7 were run simultaneously, and 8 on the following day.

Date of Gram of barium

Number experiment sulfate obtained
6 Oct. 15, 1910 0.0055
7 Oct. 15, 1910 0.0057
8 Oct. 16, 1910 0.0039

Two blank determinations were made using in one case a
closely covered beaker as a receiver and in the second, the special
“beaker-flask’’ shown in Fig. 1. The results were as follows:

Gram barium

Receiver sulfate obtained
0.0017
Y e e i o A B ) { 0.0052
v 0.0004
2t Beaker-flask o o e . 0.0004
0.0005

Table I gives a series of results, obtained by both
methods, on samples of gelatin.

TABLE I
Barium sulfate Barium sulfate Per cent sulfur dioxide
Total Blank in sample

Sample

No. Flask Beaker Flask Beaker Flask Beaker
59344 0.0040 0.0117 0.0004 0.0052 0.0036 0.0065
59406 0,0041 0.0085 0.0004 0.0031 0.0037 0.0054
59551 0.0011 0.0043 0.0005 0.0037 0.0006 0.0006
59622 0.0014 0.0137 0.0004 0.0128 0.0010 0.0009
59647 0.0026 0.0103 0.0004 0.0049 0.0022 0,0054
59648 0.0015 0.0043 0.0005 0.0025 0.0010 0.0018
59800 0.0036 0.0164 0.0004 0.0078 0.0032 0.0086
59846 0.0045 0.0147 0.0009 ? 0.0135 0.00362 0.0012
60008 0.0066 0.0127 0.0004 0.0057 0.0062 0.0070
60009 = 0.0049 0.0056 0.0004 0.0033 0.0045 0.0023

It is evident that the blank determinations made
by collecting the distillate in beakers show very di-
vergent results, whereas those collected in the ‘‘beaker-
flasks” show excellent agreement, with the exception
of the result on Sample 50846, in which case the blank
is evidently too high, no doubt owing to accidental
error since all of the determinations were conducted
on the same iodine solution. While good agreement
was obtained in several instances for percentage of
SO in the gelatin by both flask ,and ‘‘beaker- flask”
when the corresponding blanks were deducted from the
total BaSOy, it is impossible, even under these condi-
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tions, when running blanks side by side, to obtain
uniformly satisfactory results. It is, therefore, evi-
dent that the somewhat prevalent custom of running
a blank once a day, or even that of running a blank
with each determination, cannot be relied upon to
give sufficiently accurate results when beakers are
used to collect and concentrate the distillate. The
uniformity of the blank results obtained with the
““beaker flasks” demonstrates that contamination from
the surrounding atmosphere is obviated in this case
and it is, therefore, necessary to run a blank only with
each change in the reagents.

The following duplicate determinations on two sam-
ples of gelatin show the uniformity of results obtained
by providing against contamination from the surround-
ing atmosphere: :

TaBLE II
Sample Barium sulfate  Barium sulfate Per cent sulfur di-
number Total Blank oxide in sample
63181 a 0.0155 0.0004 0.0151
b 0.0146 0.0004 0.0142
63182 a 0.0260 0.0004 0.0256
b 0.0263 0.0004 0.0259

VI—COMPARISON OF STEAM DISTILLATION AND DIRECT

DISTILLATION

Gudeman! recommends distillation with steam in
order to eliminate errors arising from decomposition
due to concentration of the mass during distillation,
on the ground that many food products normally con-
tain sulfur compounds which yield volatil sulfur
compounds on distillation with acids and that these
are increased with corresponding increase in acidity
and concentration of the mass. :

A number of analyses were made in order to determine
whether it is necessary to observe this precaution in
the case of gelatin. In all cases the distillation was
conducted in a current of carbon dioxide, using steam
in one case and heating directly with a Bunsen burner,
as in the usual method, in the analyses made for com-
The same volume of distillate was collected

parison.
in both methods. Table III gives the results of these
determinations.
TaBLE IIT
Percentage sulfur dioxide by distillation Variation
Sample from steam
number With steam Without steam distillation
26226 @ 0.1661 a 0.1723 +0.0034
- b 0.1678 b 0.1570
¢ 0.1707
Average = 0.1669 Average = 0.1703 7
26227 a 0.0885 a 0.0886 +0.0017
b 0.0862 b 0.0894
Average = 0,0873 Average = 0.0890
26229 0.0277 0.0252 —0.0025
25915 0.0375 0.0374 —0.0001
26795 0.0618 0.0637 +0.0019
26796 0.0247 0.0257 +0.0010
26797 0.0130 0.0121 —0.0009
26798 0.0504 0.0516 +0.0012
26890 0.2732 0.2749 +0.0017
26885 0.0812 0.0828 +0.0017
26884 0.1084 0.1098 +0.0014
60232 0.0009 0.0000 —0.0009
60233 0.0000 0.0002 —+0.,0002
60234 0.0000 0.0010 +0.0010
60471 0.0027 0.0014 —0.0013
60419 0.0057 0.0072 +40.0015
61420 0.0026 0.0024 —0.0002
62123 0.0032 0.0042 +0.0010
62124 0.0048 0.0052 +0.0004

1 TH1S JOURNAL, 1, 81.

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY

083

The above analyses were conducted on routine sam-
ples of gelatin and it is very likely that the variations
in the two methods are due to lack of uniformity in
the samples. The variations occur in both directions
and are not of sufficient magnitude to indicate that
distillation with steam is necessary in the case of gelatin.

VII—RECOVERY OF KNOWN AMOUNTS OF SULFUR DIOXIDE

A number of experiments were made by distilling
known amounts of sodium sulfite solution under the
conditions observed in the regular method. It was
necessary to prepare a solution of sodium sulfite and
to measure aliquot portions, for standardization and
distillation, at the same time so as to avoid oxidation.
The standardization of the sulfite solution was carried
out by titration in an atmosphere of CO,, adding the
sulfite solution to an excess of iodine and titrating the
excess of iodine with sodium thiosulfite. The fol-

lowing results were obtained:
Sulfur dioxide
by gravimetric

Sulfur dioxide determination
by titration after distillation
Gram Gram
0.0145 0.0145
0.0183 0.0170
0.0218 0.0207
0.0218 0.0206
0.0487 0.0482
0.0487 0.0477

VIII—METHOD OF CARRYING OUT THE DETERMINATION
OF SULFUR DIOXIDE IN GELATIN
Apparatus Required—Fig. 1 shows the apparatus
and its arrangement in detail. Two units are repre-
sented, providing for two determinations which can

Fic. 1

be conducted at the same time. A Woulff bottle
having two necks and an outlet at the bottom, fitted
with a cylindrical open top, glass stoppered, long
stem funnel, is used for generating the CO,. The
outlet tube at the bottom of the Woulff bottles is
connected to a long tube leading to a reservoir for re-
ceiving the spent acid which is drawn off by opening
the pinchcocks as required. The aforementioned
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Woulff bottle is connected to a smaller one provided.
with two necks, this bottle serving to wash the COa..
The wash bottle is connected to the distilling flask,
consisting of a long neck Kjeldahl flask of 300 cc.
capacity, by means of a glass tube reaching to within
1/, inch of the bottom of the flask. The distilling
flask is connected to the condenser through a Hopkins
bulb. The glass tubes at the rubber connection are
brought closely together and the tube leading into the
condenser is extended so as to lead directly into the
worm of the condenser. A special condenser was
designed for this purpose, consisting of an eight-inch
worm condenser provided with an exit tube 4 inches
in length and 3/s inch internal diameter, so as to give
a sufficient length of tube without requiring additional
connections. The inlet tube of the condenser is 2!/,
inches in length and ?*/4 inch internal diameter, and
permits of convenient connection with the distilling
bulb by means of arubberstopper. A special receiving
flask was designed, to serve also as a flask for concen-
trating the distillate and for precipitation of the H,SO;.
The main advantages of this “‘beaker-flask’’ have been
discussed under V, but it is also efficient in avoiding
contamination with sulfurous gases while the distillate
is being collected and does not require transferring
of the distillate to another receptacle for concentra-
tion. The flask is connected to the condenser by means
of a paraffined flat cork having a small angular slit
in the side to allow for the escape of the carbon dioxide.
The ‘‘beaker-flask’ has a capacity of 400 cc. and is
4 inches high. It is provided with a lipped neck
3/4inch high and 3/, inch in diameter.

Reagents Required.—1. Ordinary white marble broken
into pieces small enough to pass through the neck
of the Woulft bottle.

2. HCl for generating the CO,. Chemically pure
concentrated HCI is diluted with an equal volume of
water. Commercial HCl must not be used, owing to
the presence of excessive amounts of free chlorine.

3. Phosphoricacid. Glacial phosphoric acid in sticks
is broken into pieces weighing approximately 5 grams
each.

4. Iodine solution. A N /20 solution.

5. HCl for acidifying the distillate.
pure concentrated HCI.

6. BaCl.. An approximately N/5 solution, which
should be perfectly clear and free from sediment.

7. Recently boiled and cooled distilled water.

Chemically

NoTe.—Duplicate blank determinations are conducted on
the reagents using the same amounts as in an actual analysis
of gelatin. A label bearing the result of this standardization
is placed on the iodine bottle and a corresponding correction
is made in every determination. Two liters of iodine solution
and a corresponding amount of the other reagents, except the
distilled water, are set aside at one time for a series of analyses.

Determination—Twenty-five cubic centimeters of
iodine solution are measured into the receiving flask
and the flask is connected to the condenser so that the
end of the condenser reaches below the surface of the
solution.

Twenty-seven and one-half grams of gelatin are
weighed into the distilling flask and 300 cc. of dis-
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tilled water added, together with a piece of phos-
phoric ‘acid. The flask is then connected to the ap-
paratus and the air is displaced by CO. generated
by allowing the dilute HCI to fall upon the marble.
The rate of flow of CO. is easily regulated by adjust-
ing the flow of acid. When the air has been displaced,
the gelatin is liquefied by immersing the flask in boil-
ing water contained in a sauce pan, and the water is
kept boiling until the gelatin is completely dissolved.
Solution of the gelatin is facilitated by frequently
agitating the flask by means of a rotary motion.
When the gelatin is completely dissolved, the boiling
water bath is removed, the flask dried and heat ap-
plied directly with a Bunsen burner.

A current of CO; is allowed to flow through the ap-
paratus until the distillation is completed. When
200 cc. of distillate have been collected, the apparatus
is disconnected, the receiver lowered and the condenser
rinsed with a little hot distilled water.

After adding 5 cc. of concentrated HCI to the dis-
tillate, it is concentrated by boiling to approximately
75 cc., using a Bunsen burner. The solution is then
filtered into a clean ‘‘beaker-flask,” the filter and re-
ceiver being thoroughly washed with hot distilled
water. The filtered solution is then heated to boiling
and 10 cc. of BaCl, solution slowly added, stirring
continuously. The flask is lightly stoppered with
a clean cork and allowed to stand over night on a
steam bath.

On the following morning the solution is decanted
through a 9 cm. blue ribbon ashless filter paper, the
precipitate then washed onto the filter and completely
removed from the flask with the aid of a rubber tipped
rod bent in an angle so as to reach the sides of the flask.
The filter is then washed with hot distilled water until
the washings are free from chlorides. The filtrate
should be perfectly clear and it is advisable to allow
the solution to stand on a steam bath for about one
hour, when by giving the solution a rotary motion,
even traces of precipitate will collect in the center
of the flask. If no precipitate appears, the BaSO:
obtained in the first filtration is ready for ignition;
otherwise the solution must be refiltered.

The filter paper, containing the BaSOj, is removed
from the funnel, at the same time wiping off any trace
of precipitate which may have crept over the paper,
and ‘it is then placed in a weighed platinum crucible.
The paper is ashed, the crucible allowed to cool and
the precipitate treated with a drop of pure concen-
trated H,SOs in order to convert any barium sulfide,
which may have been formed by reduction, to BaSOs.
After expelling the excess of H,SOj the crucible is
heated to a bright red for five minutes, cooled in 2
desiccator and weighed. The treatment with H2S50s
is repeated until a constant weight is obtained. The
blank obtained on the reagents is deducted from this
weight and the difference gives the percentage of S0
in the sample. :

NOTE.—27.5 grams of the sample are used, since the weight
of BaSO; obtained directly gives the percentage of SO. without
further calculation. It is not necessary to weigh this sample
closer than to o.1 gram.
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ORIGIN OF SULFUR DIOXIDE IN GELATIN

I—EFFECT OF DISTILLATION OR POSSIBLE LIBERATION
OF VOLATIL SULFUR COMPOUNDS

Alexander,® in a paper on the determination of
sulfur dioxide in gelatin, considered it likely that
some of the organic sulfur in the gelatin is carried over,
in the form of volatil sulfur compounds, when distilled
with phosphoric acid in a current of CO,. He also
considered it probable that the time and intensity of
heating and the concentration of the solution in-
fluenced the quantity which appeared in the distillate.
This subject has already been discussed in part in
connection with steam distillation and direct distilla-
tion, but the following experiments have a more direct
bearing on the effect of time and intensity of heating:

1. 27.5 grams of gelatin were dissolved in 300 cc. of water
and heated in an autoclave at 20 Ibs. pressure for 30 mintutes.
After the addition of phosphoric ‘cid the flask was connected
to the distillation apparatus and the amount of SO, determined
in the usual manner. The result of this determination, expressed
in per cent by weight of the original gelatin, was 0.0007 against
0.0013 in the original sample, thus showing a loss of SO,.

2. Same as Experiment 1, except that the solution was heated
for one hour in the autoclave at 20 lbs. pressure. The amount
of SO found was 0.0002 per cent, showing a still greater loss of
SO0.. :

3. Same as Experiment 1, except that the solution was heated
for two hours in the autoclave at 20 lbs. pressure. In this
experiment 0.0003 per cent of SO, was obtained, practically
.the same amount as found in Experiment 2.

It is evident from these experiments that the heat-
ing of the gelatin solution in an unstoppered flask
in the autoclave resulted in a loss of SO.. As the time
of heating was increased, the gelatin lost consider-
ably in gelatinizing power and deposited a grayish
coagulum. . The sample of gelatin selected for this
experiment contained an exceptionally small amount
of SO,, the object being to determine whether the
heating, in the absence of phosphoric acid, caused

a cleavage of the gelatin which would render it more -

susceptible to attack and possible liberation of volatil
sulfur compounds on distillation with phosphoric
acid. :

4. A fourth experiment was conducted in which 27.5 grams
of the same gelatin used in the previous experiments was placed
in the distilling flask of the apparatus (Fig. 1), 300 cc. of water
added, acidified with phosphoric acid and distilled in the usual
manner, collecting 200 cc. of distillate in iodine. By means
of a separatory funnel, attached to the distilling flask, 200 ce.
of water were added to the residue in the distilling flask, thus
replacing the volume of water collected in the distillate: 200 ce.
of distillate were again collected in a receiver containing a fresh
supply of iodine. This operation was repeated once more,
three successive distillates being collected. The amount of
S0, found in each distillate, expressed in per cent by weight of
the original gelatin, was as follows:

Distillate I = 0.0014%
Distillate II = 0.0001%
Distillate III = 0.0000%

This experiment shows that prolonged heating in
Fhe presence of phosphoric acid, with the resultant
increase in concentration and acidity, does not cause
a dissociation of the organic sulfur of the gelatin with

1 J. Am. Chem. Soc., 29, 783.
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liberation of volatil sulfur compounds which are oxi-
dized to H,SO; by iodine.

The fact that 16 samples, out of over 1000 samples,
were found to contain absolutely no SO, is convincing
evidence that dissociation of the natural sulfur in
gelatin, with liberation of volatil sulfur compounds
oxidizable to H,SO; by iodine, does not occur under
the conditions observed in the determination of SO.

It is interesting to note that the only sulfur-con-
taining dissociation-product obtained so far from gela-
tin! by Harbaczewski,! is H,S. Even if this were
liberated under the analytical conditions, it would
not be oxidized to H,SO; by the iodine solution.
II—SIGNIFICANCE OF SULFUR DIOXIDE IN GELATIN

FOR BACTERIOLOGICAL PURPOSES

The fact that the heating of a solution of gelatin
under pressure results in a loss of SO, is of interest
in connection with the preparation of nutrient media
for bacteriological work. A sample of sheet gelatin
which contained o.r108 per cent of SO, was used
to prepare a quantity of nutrient media. Twenty
tubes of the preparation, containing in all 26.04
grams of the original gelatin, were analyzed for SO,

with the following result:
Calculated from

original SO
content of
Found gelatine
Per cent Per cent
SOz in nutrient media......couu... _0.0009 0.0133

The loss in SO, which resulted in the process of prep-
aration was, therefore, 93 per cent of the original
content of SO.. Another preparation from the same
gelatin contained o.0006 per cent of SO, which corre-
sponds to a loss of g5 per cent. Lefimann and LaWall?
have reported the SO, content of two samples of im-
ported gelatin, used largely for bacteriological work,
as 265 and 833 parts per million and believe that such
gelatin is unsuitable for culture medium. They sug-
gest that bacteriologists establish a strict standard
for gelatin. The above results on a culture medium
prepared from a gelatin containing 1108 parts of SO,
per million, indicate that this precaution is unneces-
sary and also account for the fact that bacteriologists
have not experienced difficulty when employing media
prepared with such gelatin.

III—OCCURRENCE OF SULFUR DIOXIDE IN GELATIN
PREPARED FROM RAW MATERIALS FREE FROM
SULFUR DIOXIDE

A number of experiments were conducted in which
two samples of gelatin were prepared in the laboratory.
The bones used for this work were obtained from a chlf
which was killed in the laboratory in connection with
another investigation, so that there was no question
as to the origin of the raw material. The bones
were carefully freed from adhering meat, chopped into
small pieces, thoroughly washed, and 3133 grams were
then digested for three days with four times their
weight of HCI (sp. gr. 1.15). The material was then
washed free from acid, covered with a saturated solu-
tion of calcium hydrate and allowed to stand for three

I Gustav-Mann, “Chemistry of the Proteids,” 1906, p. 562.
2 Analyst, 36, 271.
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days. The material was then thoroughly washed
and pressed to remove as much water as possible.
The resulting wet ‘‘stock’” weighed 1589 grams and
this was divided in three portions for the following
experiments:

1. The wet ‘“stock’ was dried in a current of air and when
air-dry it weighed 228 grams, thus showing 57 per cent of water
lost from the original to the air-dry condition. A determina-
tion of SO, on this air-dry material gave 0.0006 per cent.

2. The wet ““stock’ was digested with three times its weight
of water for 3o minutes in an autoclave at 22 1bs. pressure, which
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3. This portion was digested with the same amount of water,
as in the case of Experiment 2, for 5 hours under reduced pres-
sure, but solution took place so slowly that it was necessary to
place the mixture in an autoclave. After 50 minutes’ heating
at 19 to 22 Ibs. pressure, the solution was poured into a tray and
then dried as in the case of Experiment 2. An analysis of this
product gave 0.0199 per cent of SO,.

These experiments show that the SO. could only
have been absorbed from the air passed over the jelly
during the drying. The dry ‘‘stock’ contained but
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traces of SO, which in all probability was also ab-
sorbed in the drying. Gas burners were used occasion-
ally in the room where the drying process was carried
out and this undoubtedly augmented the SO, content.
Both products were free from odors of decomposition,
so that bacterial influences were not responsible for
the rather high SO, content.

SULFUR DIOXIDE CONTENT OF COMMERCIAL GELATIN

A large number of samples of commercial gelatin
obtained from various sources have been examined

M

Million
8

Sy in Parls per

g

Percenl of Samples.

in this laboratory. These products include domestic
and foreign gelatins and represent the materials pro-
duced by more than twenty different manufacturers.
From 1907 to 1912 inclusive, 1060 samples were ex-
amined. A tabulation of the individual analyses
would be unnecessarily burdensome and, therefore,
the results have been arranged in groups, expressing
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the SO, content in parts per million and giving the
percentage of samples found within various limits
during the years 1907 to 1912 inclusive. Table IV
gives the percentage of samples within these limits
and Table V gives the same results tabulated in four
groups so as to show the total percentage of samples
occurring within the limits given for the different groups.
In Charts I to IV the data contained in Table V are
represented graphically.
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TABLE IV
SO:2 Percentage of samples
Parts per
million 1907 1908 1909 1910 1911 1912
0- 10 0.00 7.45 10.45 7.45 17.46 20.22
10- 20 0.78 11.70 7.84 9.09 26.35 7.86
20— 30 0.00 7.45 5.23 10.64 22.85 4.49
30- 40 0.00 9.56 11711 9.50 10.47 4.49
40=-7503715 7.45 7.84 9.56 4.76 0.00
50-:160 - 3.93 5.85 7.84 532 3.17 1.12
60— 70 3.93 2.66 2.62 6.92 0.95 4.49
70— 80 2.36 2.66 7.19 5.32 0.63 2.24
80=21907:3.93 2.12 4.57 2812 0.63 1512
90— 100 1.57 3.72 1.95 1.60 0.63 2.24
100- 150 10.23 5.32 3.90 11.17 0.63 15.73
150- 200 9.45 4.25 5523 3572 0331 14.60
200- 250 4.72 4.78 2.62 3.20 1.26 3.36
250- 300 6.30 1.60 2.62 0.53 2,22 3.36
300- 350 5.51 1.06 1.95 1.06 0.95 2.24
350- 400 2.36 0.00 1.95 0.53 1.26 0.00
400- 450 3.15 1.60 0.00 1.06 1.58 2.24
450- 500 3.15 0.00 0.65 2.66 0.95 1.12
500- 600 3.15 2.12 2.62 1.60 0.63 1.12
600- 700 6.30 3.72 1.31 1.60 0.63 2.24
700- 800 3.93 1.06 1.31 0.53 0.31 0.00
800- 900 3.93 2.66 0.65 1.06 0.00 1.12
900-1000 1.57 1.60 1.31 0.00 0.00 1.12
1000-1500 11.81 372 3.26 3.20 0.31 3.36
1500-2000 2.36 2.66 0.65 0.53 0.63 0.00
2000-2500 0.78 1.06 0.65 0.00 0.00 0.00
2500-3000 0.78 1.60 1.31 0.53 0.31 0.00
3000-3500 0.78 0.00 0.65 0.53 0.00 0.00
*  3500-4000 0.00 0.52 0.00 0.00 0.00 0.00
Above 4000 0.00 0.00 0.65(a) 0.00 0.00 0.00
(2) Contained 0.7410 per cent, or 7410 parts per million.
TABLE V
SOz Percentage of samples
Parts per —
million 1907 1908 1909 1910 1911 1912

0- 0.00 7.45 10.45 7.45 17.46 20.22
0- 0.78 19.15 18.29 16.54 43.81 28,08
0- 30 0.78 26.60 23.52 27.18 66.66 32.57
0- 0.78 36.16 34.63 35.62 77413 37.06
0- 3.93 43.61 42,47 45.19 81.89 37.06
0- 60 7.86 49.46 50.31 50.51 85.06 38.18
0- 70 11.79 52.12 52.93 57.43 86.01 42.67
0- 80 14.15 54.78 60.12 62.75 86.64 44,91
0- 90 18.08 56.90 64.69 64.87 87.24 46.03
0- 100 19.65 60.62 66.64 66.47 87.90 48.27

100- 150 10.23 5.32 3.90 11.17 0.63 15.73
100- 200 19.68 9.57 9.13 14.89 0.94 30.33
100- 250 24.40 14.35 11.75 18.09 2.20 33.69
100- 300 30.70 15.95 14,37 18.62 4.42 37.05
100- 350 36.21 17.01 16.32 19.68 5.37 39.29
100- 400 38.57 17.01 18.27 20,21 6.63 | 39.29
100- 450 41.72 18.61 18.27 21.27 8.21 41.53
100- 500 44.87 18.61 18.92 23.93 9.16 42.65
S00- 600 3.15 2.12 2.62 1.60 0.63 1212
500- 700 9.45 5.84 3.93 3.20 1.26 3.36
500~ 800 13.38 6.90 5.24 3.73 1357 3.36
500- 900 17.31 9.56 5.89 4.79 1.57 4.48
500-1000 18.88 11.16 7.20 4.79 1.57 5.60
1000-1500 11.81 3.72 3.26 3.20 0.31 3.36
1000-2000 14.17 6.38 3.91 3.73 0.94 3.36
1000-2500 14.95 7.44 4.56 3.73 0.94 3.36
1000-3000 15.73 9.04 5.87 4.26 1.25 3.36
1000-3500 16.51 9.04 6.52 4.79 1.25 3.36
1000-4000 16.51 9.57 6.52 4.79 1.25 3.36
1000-4000+ 16.51 9.57 ik 4.79 1.25 3.36

The results show that the 19o7 samples contained
the largest amount of SOs, only 19.65 per cent of the
samples containing less than 1oo parts per million
and 35.39 per cent above 500 parts per million. The
1908 samples show 60.62 per cent of the samples below
Ioo parts per million and 20.73 per cent above 500
parts per million. The 1909 and rgro samples are
quite similar throughout. In 1g9rr the analyses show
87.90 per cent of the samples with less than 100 parts
per million and only 2.77 per cent above 300 parts
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per million. The 1912 samples contained more SO,
than the 1911 samples, this being due to the fact
that a large number of the 1912 samples, 42.65 per

cent, contained from 100 to 500 parts per million.

Comparatively few samples contained less than
10 parts per million. A number of the samples con-
taining less than 10 parts per million were found to
contain hydrogen peroxide evidently added to destroy
SO,.

In this connection, the results obtained on the two
samples of gelatin prepared in the laboratory are
These samples contained 189 and 199 parts
per milion of SO., respectively, whereas the air-dried
“stock’” from which they were prepared contained
only 6 parts per million. Two more samples of gelatin
prepared in the laboratory from fresh calf bones,
purchased in a butcher shop, contained 23 and 78
parts per million. In this case the jelly was also dried
on glass plates in a current of air from an electric fan.
It is, therefore, not surprising that even excessive
amounts of SO, may be found in gelatin prepared from
selected stock. In the manufacture of gelatin, the
thin gelatin solutions are concentrated to the desired
consistency so that gelatinization will take place on
cooling. The jelly is then sliced and dried in a con-
tinuous current of air at 85 to 95° F. If the factory
is situated in a manufacturing district, where much
coal is burned, it is to be expected that the SO, absorbed
by the gelatin would be greater than in the case of
gelatin manufactured in outlying districts.

Naturally, the selection of the stock is also impor-
tant, since it may contain considerable amounts of
S0,. Thirty-six samples of stock examined in 1908,
1909 and 1910 gave the following results:

Sulfur dioxide
Parts per million

Maximum ST 1695
Minimtnt el eEn st 9
Average........ 407

In conclusion, I wish to acknowledge my indebted-
ness to my assistant, Mr. E. S. Liebscher, for ‘his
painstaking work in carrying out a considerable part
of the analyses and experiments.

‘LEDERLE LABORATORIES
39-41 WEST 38TH STREET
NEw Yorx
EXPERIMENTAL DATA ON THE DETERMINATION OF
SACCHARIN IN FOODS WITH A MODIFICATION
OF SCHMIDT’S METHODS

By HALsEy DURAND
Received October 13, 1913

A recent ruling of the Board of Health of the De-
partment of Health of New York City prohibited
the use of saccharin in foods and drinks (see Section
68, Sanitary Code). The enforcement of this law
required the examination of a large number of samples
of various foodstuffs and soft drinks in which viola-
tions were expected.

A method for the detection of saccharin was sought
which could be done positively and with as much speed
as possible.

A review of the literature gave five methods, as
follows:
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I. Taste Test.—The aqueous solution of the sample

is acidified and shaken out with ether. The ethereal

layer separated and evaporated to dryness and a small

portion of the residue applied to the tongue. An

extremely sweet taste followed by a bitter taste indi-
cates saccharin.

II. BorNSTEIN'S TEsT.—(Z. anal. Chem., 27, s.
165). Aqueous solution is shaken as above and the ether
residue heated with resorcin and a few drops of concen-
trated sulfuric acid, till the mass begins to swell.
Cool. Repeat heating and cooling several times.
Cool, dilute with water and neutralize with sodium
hydrate. Red-green fluorescence indicates presence
of saccharin.

III. KastLE’S TEST—(Bull. 26, Hyg. Lab., U. S.
Pub. Health & Mar. Hosp. Serv.) The ether residue
is treated with a few drops of a mixture of 5 cc.
of phenol and 3 cc. of pure concentrated sulfuric
acid. It is then heated for 5 minutes to 160—170° C.
and the mass dissolved in water and made alkaline
with sodium hydrate. A dark purplish red or pink
indicates the presence of saccharin.

IV. SceMIDpT’S TEST.—(Rep. Anal. Chem., 30.) Res-
idue from ether extraction is heated in a porcelain
dish with about 1 gram sodium hydrate for one-half
hour at 250° C. in air oven or linseed oil bath. .This
converts saccharin to sodium salicylate. The melt

. is dissolved in water, acidified with hydrochloric acid
and shaken with ether. Evaporate ether, take up
residue with water and add dilute ferric chloride solu-
tion. A violet color indicates the presence of saccharin.
The absence of salicylic acid must first be ascertained
before applying this method. If salicylic acid is pres-
ent the ether residue is treated with dilute hydro-
chloric acid and bromine water added in excess. The
liquid is well shaken and filtered. The salicylic acid
is completely removed as a bromine derivative. The
filtrate is made strongly alkaline and evaporated and
heated ds above. By this means the false saccharin
frequently found in wines and giving faint reactions
for saccharin is also eliminated. :

V. ALLEN’S TEsT.—(Allen’s Com. Organ. Anal., 2,
Pt. 3, p. 38.) The ether residue is rendered alkaline
with sodium hydrate and ashed. The ash is taken
up with water made acid with hydrochloric acid and
tested with barium chloride or sulfur. The presence
of sulfur indicates saccharin.

This test, a little potassium nitrate being added
during ignition, is also used for the quantitative de-
termination of saccharin, the barium sulfate being
weighed and the weight x o0.783 saccharin. This
quantitative method was not tried as the presence of
saccharin is sufficient ground for prosecution.

Test I.—The taste test was tried and found to be
very satisfactory, the absence of the sweet taste
being a good indication in most cases of the absence
of saccharin. However, the possibility of other sub-
stances producing the sweet taste, and also of the sweet
taste being masked by bitter substances in the residue,
made it necessary to have some further test as con-
firmation.

Test II was tried and gave good reactions.

It
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was found, however, that a large number of organic
compounds give the same reaction as saccharin, so
this method was discarded. .

Test III was tried and excellent results were obtained
when pure saccharin was used. When ether residues
obtained from shaking out aqueous solutions of foods
and drinks were treated with the phenol-sulfuric
acid mixture and neutralized with sodium hydrate
the characteristic color did not appear. The failure
of this reaction is evidently due to the presence of
small amounts of impurity in the residue. Efforts
were made to obtain the pure phenol compound from
the aqueous solution after treating the residue with
phenol-sulfuric acid mixture, by shaking out with
amyl alcohol and isobutyl alcohol and treating the
separated alcohol solutions with sodium .hydrate,
without results. :

Test IV (Schmidt’s) was tried repeatedly by the
laboratory force using the various modifications as
suggested by different authorities. Invariably the
ether residue, obtained by shaking out the acidified
aqueous solution of the mass after heating, gave a
‘benzoic acid reaction on addition of dilute ferric chloride
solution. It was found also that the saccharin in
the original ether residue was converted into benzoic
acid when treated with saturated sodium hydrate
solution and allowed to stand over night at room tem-
perature. Excellent results were obtained in this way
and this method was adopted by this laboratory as
a confirmatory test to be used with the taste test.
This method while giving good results required too
long a time for its completion.

METHOD ADOPTED

The writer has recently succeeded in obtaining
the salicylic acid by Schmidt’s method (IV) both in
pure saccharin and in ether residues containing sac-
charin, by proceeding as follows:

One hundred cc. of an aqueous solution of the
sample to be examined for saccharin are acidified
with phosphoric acid and shaken out with ether in
the usual manner. The separated ether is filtered
through double folded filter papers, to remove moisture,
into a nickel dish of convenient size and evaporated
to dryness. After ascertaining the absence of salicylic,
(see description of Schmidt’s method), the residue is
treated with about 1 cc. of saturated sodium hydrate
solution, allowing the alkali to come in contact with
the entire residue. Place the dish on a piece of as-
bestos board about 3 mm. in thickness, heat for 8-10
minutes over a Bunsen flame, cool, take up with water,
acidify with hydrochloric acid, and shake out with
ether. Evaporate ether, to which a small amount
of ammonium hydrate has been added, in a glass dish
on water bath, take up residue with a little water
and test with dilute ferric chloride for salicy.ic acid.
This method gave very satisfactory results requiring
about three-quarters of an hour.

The writer has further simplified and shortened
the time required for the method and also
eliminated the possibility of the sublimation of
the salicylic acid on the water bath by omitting
the treatment of the final ether residue with ammonium
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hydrate and its evaporation to dryness. The ether
residue, after separation, is poured into a test tube and
about 3 cm. of water containing a small amount of
ferric chloride are added. The test tube is then shaken
vigorously and the ether and water layers allowed to
separate. The presence of salicylic acid is indicated by
a violet coloration of the water layer.

CHEMICAL LABORATORY, DEPARTMENT OF HEALTH
NEeEw York City

BOUILLON CUBES
By F. C. Coox!
Received September 13, 1913
INTRODUCTION

Bouillon cubes consist of a large amount of common
salt mixed with varying amounts of meat and plant
extract, a small per cent of fat, and a little condi-
ment. Some of the products sold under the name
“bouillon cubes’” contain but a small per cent of
meat stock or extractives, and are not entitled to the
term ‘“‘bouillon” unless it is modified. They are
extensively advertised as capable of making a stimu-
lating and appetizing hot drink simply by being dis-
solved in hot water. They have, therefore, a legiti-
mate place among our dietary accessories.

Several brands of these cubes have appeared on the
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of the Association of Official Agricultural Chemists,!
total creatinin by the Benedict-Myers? autoclave
method, and precipitation with alcohol in hydro-
chloric acid solution was carried out according to

"‘Rippetoe’s method,® which is as follows:

Rippetoe’s Method—Transfer 1o cc. of an aqueous
solution containing 2 grams of the samplé to a 200
cc. glass-stoppered measuring cylinder, add 1.2 cc.
of 12 per cent hydrochloric acid, mix and add absolute
alcohol to the 200 cc. mark, shake and let stand several
hours at 20 to 25° C. If necessary make to mark,
filter, and determine total nitrogen in 100 cc. of filtrate,

The acidity figures were obtained by titrating one
gram of the sample dissolved in 100 cc. of water with
twentieth-normal sodium hydroxide, using phenol-
phthalein as indicator. . The results obtained on the
ten samples. of cubes analyzed are given in Tables
I and II.

The water content of the cubes examined was under 3
per cent and the ether extract figures varied from 1 to
4.58 per cent. These last figures represent the amount
of fat added to these cubes during the process of manu-
facture. The ash, which is largely sodium chloride,
varied from so0 to 74 per cent. A large amount of
sodium chloride is necessary to give a salty taste to
the cup of water in which the cube is dissolved, and

TABLE I—ANALYSIS OF BoOUILLON CUBES—ORIGINAL BASIS

Organic Ether
Sample Solids material extract Ash
No. Brand Per cent Per cent Per cent Per cent
1977 Behrend 96.60 22.86 1.93 73.74
1978 Oxo 95.06 25.31 3.10 69.75
1979 Steero 96.05 28.41 1.20 67.64
1980 Burnham 96.87 41.94. 1.00 54.93
1981 Sunbeam 95.73 45.23 1.44 50.50
1982 Armour 96.05 26.48 0.96 69.57
1983 Morris 96.77 33.00 33719 63.77
1984 Standard 95.81 21.76 4,19 74.05
1985 Liggitt 96.00 21.91 4.58 74.09
1986 XKnorr 95.44 151126724 4.57 69.20

American market in the past five years, most of them
manufactured in this country, and some imported
from Germany. Many are wrapped in tin foil, while
others are wrapped in paraffin paper, and occasionally
a brand of cubes is found in both foil and paper.
As the moisture content is low and a large amount of
salt is present, they will keep indefinitely, although
certain makes tend to lose their form during warm
weather. :

The bouillon cubes which are reported in this paper
were collected on the New York market in 1912.

METHODS OF ANALYSIS

The samples were prepared for analysis by grinding
fifteen to twenty cubes in a mortar as thoroughly
as possible and placing the composite paste in small
screw-cap jars. The solids were obtained by drying
to constant weight in vacuo at 65° C. The ash,
sodium chloride, phosphoric acid (P.0;), nitrogen,
and ether extract were determined by the methods

. 1 Physiological Chemist, Animal Physiological Chemistry Laboratory,
Bureau of Chemistry.

Nitrogen
Acidity precipitated
Total (cc. twentieth- by absolute  Total
chlorine as Total normal alcohol in crea-
sodium phosphoric sodium Total hydrochloric  tinin
chloride  acid (P20s) hydroxid nitrogen acid Per
Per cent Per cent per 1 gram) Per cent Per cent cent
72.13 1.02 6.20 2.19 0.13 0.84
65.00 1.51 6.50 2.97 0.86 1.07
62.15 1.83 9.15 3.62 0.76 1.67
52.90 0.58 6.10 2.11 0.05 0.88
49.26 0.54 7.30 2.36 0.02 0.92
67.44 0.62 6.00 2.79 0.17 1.07
59.17 1.69 9.68 3.67 0.56 1.07
72.22 0.48 5.01 2.09 0.07 0.50
71.98 0.41 4.75 2.11 0.05 0.49
65.00 1253 7.40 3.20 0.91 1.38

to furnish body to the cube. Sudendorf* analyzed
18 samples of cubes bought on the market at Ham-
burg, Germany, and two samples prepared in his

TasLE II—ANALYSIS OF BouiLLON CuUBES—WATER, FAT, AND ASH-FREE

Basis
Phosphoric Total Total Ratio of
Sample acid (P20s) nitrogen creatinin creatinin to
No. Brand Per cent Per cent Per cent total nitrogen
1977  Behrend 4.86 10.50 4.01 1024256
1978 . Oxo 6.80 13.37 4.82 132723
1979  Steero 6.73 13.30 6.14 1050252
1980 Burnham 1.41 5.03 2.10 1:'2.4
© 1981  Sunbeam 1.23 5.39 2.10 155426
1982  Armour 2.43 10.94 4.19 15 2=6
1983 Morris 5.78 12.57 5.82 152222
1984  Standard 2573 11.88 2.84 1:4.2
©1985 ' Liggitt 2.37 12.18 2.83 132433
1986  Knorr 7.14 14.75 6.36 1226253

laboratory. The latter contained sufficient salt to
give a satisfactory taste to the cup of bouillon. The
1 Bull. 107, Rev., Bureau of Chemistry, U. S. Dept. Agr.
* Am. J. Phys., 18, 397 (1907).

3 Private communication.
4 Z. Nahr. Genussm., 23, 577 (1912).
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results showed that 65 per cent of sodium chloride
is sufficient to be added to a cube.

The figures for total creatinin vary according to
the amount and kind of the meat extract present.
The total creatinin includes the original creatinin of
the cube and the creatin which has been changed
to creatinin in the autoclave. As both substances
are structurally closely related, and have a common
origin in the creatin of the muscle, only the figure
for total creatinin is given in this table. The de-
termination of creatinin is very important in this work
as it is of value in showing how much meat extract
was used in preparing the cube. According to Seiger,?
if we place the creatinin content of meat extract at
6 per cent, then bouillon cubes should contain the
following amounts of creatinin:

Meat extract used Creatinin contained

Per cent Per cent
25 ) B
20 1.2
15 0.9
10 0.6

The creatinin determination is applied to the water
solution of the cube or meat extract. As noted?
by the writer before, there is not sufficient protein
present in ordinary meat extract to interfere with
the creatinin test. Geret® has recently stated that
the meat extract content of different cubes, based
on the analyses of Liebig’s meat extract, varies from
20 to 25 per cent for the superior cubes while the
inferior cubes contain no creatinin. He also stated
that gelatin increases the creatinin results. In a
previous publication the writer stated that egg albumen
and Witte’s peptone, when added to solutions containing
creatinin, decreased the creatinin result. The figures
on which these statements are based were obtained
by the Benedict-Myers method. It is likely that
solutions of creatin containing gelatin or egg albumen,
when evaporated to dryness or otherwise treated,
would give high creatinin figures due to caramel
or other colored products formed during the process,
which might account for the high figures obtained by
Geret.

Meat extract contains a higher per cent of total
nitrogen than plant extract; therefore, a cube prepared
largely from meat extract has a higher total nitrogen
content than one prepared largely from plant extract.
A good cube is indicated by high creatinin and high
nitrogen figures. The results obtained by precipi-
tation with absolute alcohol in hydrochloric acid solu-
tion, as outlined above, show that a larger per cent
of nitrogen is precipitated in a high-grade than in a
low-grade cube, and the figures are of some value in
determining how much meat extract has been used
in the preparation of the cube. The nitrogen pre-
cipitated by absolute alcohol in hydrochloric acid
is not appreciably affected by the sodium chloride
present. The acidity figures are of little value in
determining the nature of the constituents present
in a bouillon cube.

! Konserven Ztg., 48, 378 (1912).

2 J. Am. Chem. Soc., 31, 673 (1909).
3 Z. Nahr. Genussm., 24, 570 (1912).
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The phosphoric acid (P,0;) results, especially when
calculated to a water, fat, and ash-free basis, show
higher figures for the superior cubes than for the in-
ferior ones. The value of the phosphoric acid (P:0s),
total nitrogen and total creatinin results are more
apparent on the water, fat, and ash-free basis than
on the original basis. The creatinin-total nitrogen
ratios show little in regard to the composition of the
cubes, as a low creatinin figure due to the use of a small
amount of meat extract, and a low total nitrogen
figure due to the use of a large amount of plant ex-
tract .would be found in the same product. From a
survey of Sudendorf’s analyses of cubes collected on
the German market it is apparent that the cubes sold
on the market in this country are very similar in com-
position to those on the German market, that is, both
consist of a large amount of salt, together with smaller
amounts of meat and plant extracts.

SUMMARY

Bouillon cubes on the market at present consist
of about 5 per cent of water, 1 to 4.5 per cent of ether
extract (fat), and 50 to 74 per cent of ash which is
practically all sodium chloride. The nitrogen bodies
and undetermined organic material amount to 20
to 40 per cent. The phosphoric acid (P,0;) varies
from o.4 to 1.8 per cent, the total nitrogen from 2.1
to 3.6 per cent, and the total creatinin from o.49 to
1.67 per cent.

A cube prepared largely from meat extract gives
high total phosphoric acid (P:0s), total nitrogen,
and total creatinin figures. The amount of nitrogen
precipitated by absolute alcohol and hydrochloric
acid is also markedly higher than in a cube contain-
ing much plant and little meat extract.

Bouillon cubes are extensively advertised and are
sold on account of their flavoring and stimulating
properties, rather than for any slight food value they
may possess. The large per cent of sodium chloride,
which need not exceed 65 per cent, is used to furnish
body to the cube and to give a salty taste to the cup
of water in which the cube is dissolved.

Bouillon is a clear broth, the basis of which is meat;
consequently a true bouillon cube should show high °
creatinin and high total nitrogen figures, and should
be prepared entirely, or largely from meat stock or
meat extract in addition to the salt and fat present.
Several of the cubes on the market contain much more
plant than meat extract and are not entitled to the
name ‘‘bouillon”’ unless modified.

BUREAU OF CHEMISTRY
U. S. DEPARTMENT OF AGRICULTURE
‘WasHINGTON, D. C.

THE INFLUENCE OF BRAN-EXTRACTS ON THE BAKING

QUALITIES OF FLOUR

By H. L. WHITE

Received September 6, 1913
It is generally recognized that bran and shorts
contain valuable food constituents such as fat, carbo-
hydrates other than cellulose, mineral matter and some
nitrogenous material. Attempts have been made to
improve the bread-making qualities of a flour, by in-
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troducing into the flour extracts of bran made with
various solvents. - Thus cold water extracts and hot
water extracts! have been mixed with flour in varying
proportions with beneficial results. A process has
been patented? for treating bran in order to recover
the mineral constituents for admixture with flour.
The bran is treated with water to extract soluble
salts and the residue treated with an acid solvent
and water and subsequently with an alkaline solution.
The acid and alkali solutions are neutralized, and the
whole of the extracts are evaporated to dryness, and
the residue is reduced to a powder.

In connection with some experimental work on the
mineral content of flour, it was found advisable to
determine the effect of a dilute hydrochloric acid-ex-
tract of bran on the baking qualities of flour made
from several varieties of wheat. It has been claimed3
that a o.2 per cent HCI extract of bran contains phytin
from which an acid identical with Posternak’s* anhydro-
oxymethylen diphosphoric acid is obtained. That
phytin is obtained in this manner is denied by Ander-
son® who claims that the extract thus obtained does
not correspond in composition with salts of the true
phytic acid. Without entering into the discussion
of this point, the fact remains that the dilute acid ex-

tract contains, in addition to other constituents, both

organic and inorganic phosphorous compounds.
EXPERIMENTAL

The acid-extract used in these experiments was
prepared by soaking bran in o.2 per cent HCI for six-
teen hours. The proportions used were, bran 300
grams, acid 1800 cc. The liquid was first filtered
through cheese-cloth and then through paper, a clear
liquid of a brown color being thus obtained. Analysis
of this clear liquid gave the following results:

TABLE I—COMPOSITION OF ACID-EXTRACT OF BRAN

Organic
Total Ash Total Inorganic P:0s Acidity
Solids Grams P:0s P:0s (by difi.) ce. N/20
Grams per Grams Grams Grams NaOH
per 100 cc. 100 cc. per 100 cc. per 100 cc. per 100 cc. per 10 cc. ext.
3.584 0.917 0.464 0.200 0.264 13.6

In one series of baking tests the acid-extract was
neutralized with o.1 N NaOH, using phenolphthalein
as an indicator. In another series a water-extract
(bran 300 grams, water 1800 cc.) was used, and in
still another, o.2 per cent HCl was used in place of
a bran extract. A comparison of these various ex-
tracts is afforded in the following table:

TaABLE II—ComposITION OF VARIOUS EXTRACTS USED 1N Baxing TEsSTsS

Total Total Inorganic Organic Acidity
Y solids Ash P:0s P10 P:Os cc. N/20
Grams Grams OGrams Grams (by diff.) NaOH
per per per per Grams for 10
100 cc. 100 ce. 100 ce. 100 ce. per 100 cc. ce. ext.
Acid-extract........ 3.584 0.917 0.464 0.200 0.264 13.6
Water-extract....... 2,776 0.444 0.163 0.110 0.053 3.0
Acid-extract, neutral-
Ized e noe o 3.785 1.145
0.2% HCI (o2 10.65

! Willard and Swanson, Chem. News, 105, 97-9.

? U. S. Patent, No. 1,018,441,

? Patten and Hart, New York Exp. Sta., Bull. 250.

¢ Posternak, Compl. rend., 137, 439.

$ Anderson, New York Agric. Exp. Sta., Technicel Bull. 22 (1912).
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BAKING TESTS

Several series of baking tests were made, some
months apart, using flour made from the same samples

_of wheat but freshly ground for each series of tests.
In Series I (spring of 1912) varying amounts of extract

were used, while in Series II (fall of 1912) the same
amount (150 cc.) was used in every case. - The bread
was made in the usual way, the extracts being used
instead of water to make the dough. Straight
flours from each of three varieties of wheat were used
in these experiments: Bluestem (Lab. No. 3568),
Durum (Lab. No. 481), and Velvet Chaff (Lab. No.
993)-

TABLE III—RESULTS OF BAKING TESTS—SERIES I— BLUESTEM WHEAT
Acid-Extract

Extract Water Volume loaf

1st Baking Ce. Ce. (045, Color  Texture
5684, (check) st Tinnony, 201 2460 95 96
S8 B S e it 80 123 2760 97 98
SIS A ot 150 52 2820 100 100
68D L s 150 50 3020 100 100

2nd Baking Acid-Extract
S68A (check) i o tioen oy 200 2460 95 96
S OB Sy 80 120 2850 97 98
ATy i i it by e ek 170 30 2920 98 100

3rd Baking Acid-Extract Neutralized (“Soapy’’)
S68A’ (check) Limpaizasniny 196 2640
S08G s S 80 122 2590
S68H 170 5536 2280

4th Baking Dilute Hydrochloric Acid (0.2%)
S68A (check) it tusates 205 2690 99 98
RT3 S i ey sain 80 121 2680 101 98
S68 ) L T 140 65 2700 99 97

In both the first and second bakings using acid-
extract there was an increase in volume, amounting
to 18 per cent, and an improvement in both color and
texture. With the neutralized acid-extract there
was a decrease in loaf volume amounting to 13 per
cent. :

In order to determine if the use of acid-extract
resulted in an increase of acid-reacting material in
the bread, the soft portions of loaves, Nos. 568A
(check) and 568D (150 cc. extract) were extracted
with water and the filtered solution titrated with
o.05 normal NaOH, with the following results:

TapLE IV—Acipiry o INNER PORTIONS OF LOAVES OF BREAD

Calculated as Calculated
N /20 NaOH lactic acid as HCl

Lab. No. (& Per cent Per cent
568A (check).......... 4.3 0.193 0.078
568D (extract)......... 8.35 0.373 0.152

The average acidity of the inner portion of twenty-
one samples of fresh bread was found! to be equivalent
on a dry basis to o.289 per cent lactic acid or o.215
per cent hydrochloric acid. Therefore, the acidity
of the water-soluble portions of 3568A and 568D is
about the same as the average of home-made bread
and of bakers’ bread.

TeerLe V—Series J—Drzuy WHEAT

Acid-Extract
Extract Water Volume loaf
1st Baking Ce. Ce Ce. Color Texture
481A (check).... .. 190 2040 97 94
AR B oy 80 107 2050 97 95
481C =00 . 140 51 2170 97 96

1 Congdon, Twenty-second Annual Report, North Dakotz Agricuitural
Experiment Station, 1911, Part 1T
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This flour did not respond to treatment with acid-
extract as the gain in loaf volume was only 5 per cent,
color and texture remaining about the same in each

loaf.
TapLE VI—SERIES I—VELVET CHAFF WHEAT

Acid-Extract

Extract Water Volume loaf
1st Baking Ce. Ce. Ce. Color Texture
993A (check):. S Sniie 190 1980 96 92
993 B S o 80 110 2260 99 96
993 C Tt . 160 30 2400 98 96
2nd Baking Acid-Extract
993A (check). . o 187 2090 96 95
993 DI IR e 80 108 2340 97 98
S93 KTt e o150 38 2380 98 98
3rd Baking Acid-Extract, Neutralized
993A (check).... ... 190 2200 100 93
DO T e s Sl R0 w113 2090 99 92
993G RSy 140 55 1970 99 90
4th Baking Dilute Hydrochloric Acid (0.2%)
993A (check).... . . 187 2090 96 95
993 H T oM 80 108 2230 97 95
903 1IN a s CaelS0 38 1910 94 85

As shown in the above table there was an increase
in the loaf volume of from 13 per cent to 21 per cent
when acid-extract was used, and both color and tex-
ture were improved. With neutralized extract there
was a decrease in loaf volume. With dilute acid alone
there was a decrease of 9 per cent in loaf volume, a
slight change in color, and a poor texture.

)

Prate I
1. Check loaf 4.
2. Water-extract 93
3. Acid-extract, neutralized

Acid-extract
Acid alone

~ After a study of these results, it was decided to make
a second series of baking tests, including in each baking
all of the extracts which had been used in the several
bakings of Series I and in addition a filtered cold-water-
extract of bran.

TABLE VII—SERIES II—BLUESTEM WHBA‘;‘-_—‘N'Q'. 568

Extract Water Volume loaf
Flour No. 568  Cc. (& Ce. Color Texture
Checlistsooe R A 190 2490 94 97
Checkicviaiiads 5 189 2480 95 97
Acid-extract.... 150 40 2600 96 98
Acid-extract..... 150 40 - 2690 96 98
Water-extract. ... 150 40 2600 92 98
Water-extract.... 150 39 2515 93 97
Acid-ext., neutral 150 - 39 2240 94 92
Acid-ext., neutral 150 45 2360 92 92
Dilute acid...... 150 39 2250 94 90
Dilute acid.... . 150 40 2200 94 90

A consideration of data submitted in Table. VII
shows that the acid-extract and water-extract gave
somewhat larger loaves than the check, in the order
named; and that with the acid-extract both' color
and texture were slightly improved. Plate I gives
some idea of the external appearance of the loaves.
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TABLE VIII—SERIES II—DURUM WHEAT

Extract Water Volume loaf
Flour No. 481 Cec. Ce. Ce} Color Texture
Check Riia s eieet s 200 1920 96 95
Check ARy s ite 199 1870 96 95
Acid-extract..... 150 48 2030%* 96 94
Acid-extract,.... 150 51 1870% 96 98
‘Water-extract.... 150 50 2010 95 96
Water-extract.... 150 51 2030 95 96
Acid-ext., neutral 150 51 1910 97 96
Acid-ext., neutral 150 51 R locs i 55
Dilute acid..... 150 50 1630 94 85
Dilute acid.... . 150 50 1650 94 85

* Baker’s comment: ‘‘Dough broke slightly.”

A consideration of the data submitted in Table VIII
indicates but little improvement in loaf volume, color,
or texture by the use of acid-extract. The water-

PrAaTE II
. Acid-extract, neutralized
. Acid alone

1. Check loaf
2. Water-extract
3. Acid-extract

L

extract gave better results than the acid-extract. The
dilute acid decreases loaf volume and unfavorably
modifies the texture.

TABLE IX—SERIES II-—VELVET CHAFF . WHEAT

Extract Water Volume loaf Color Texture
Flour No. 993 Cc. Ccs (e
Checlomtmnns s S 188 2030 95 95
Checlk s o 187 2060 95 95
Acid-extract..... 150 36 2480 98 97
Acid-extract.... 150 36 2460 : 98 97
Water-extract.... 150 36 2340 94 96
Water-extract.... 150 34 2200 94 96
Acid-ext., neutral 150 35 2020 95 95
Acid-ext., neutral 150 36 2040 95 95
Dilute acid...... 150 36 1870 92 80
Dilute acid.... .. 150 36 1700 92 80

As will be noted in Table IX, the acid-extract ex-
erted a favorable influence on the baking qualities of
flour from velvet chaff wheat, increasing the loaf
volume, and giving a bettér color and texture. The

PLATE III
4 Acid-extract, neutralized
5. A_xid alone

1. Check loaf
2. Water-extract
3. Acid-extract

water-extract increased loaf volume, but had little
influence on color and texture. The dilute acid on the
other hand had a marked unfavorable influence on
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loaf volume and texture, and, to a lesser degree, the
color.

In view of the fact that in the larger number of bak-
ing tests the acid-extract had a greater influence than

the water-extract to increase loaf volume and to im- °

prove the color and texture, the question naturally arises
as to whether the improvement is due to the stimulating
effect of acid, or phosphate, or other constituent of the
extract on the yeast; or to some other factor. Ex-
periments undertaken to determine the stimulating
effect of acid-extract on yeast were not convincing.
A possible explanation is that the gluten may have
become more coherent in the presence of acid and solu-
ble salts (particularly phosphates) as is suggested by
Wood.! At any rate, the baking tests show clearly
that it is not acid alone, but acid plus extractive mate-
rial that gives the best results.

SUMMARY AND CONCLUSIONS

In two series of baking tests of flour made from three
varieties of wheat, acid-extract of bran, water-extract,
acid-extract neutralized, and dilute acid, were used to
replace a part of the water necessary to make the dough.

In general, the acid-extract produced larger loaves
of bread (from 6 per cent to 20 per cent increase in
volume) of a better color and texture than the check
loaf, or those in which other extracts were used. The
water-extract produced loaves somewhat larger than
the check loaves. The dilute acid gave a loaf of de-
creased volume and very poor texture.

Analyses of acid- and water-extracts show the pres-
ence of 0.464 gram P,0; and 0.163 gram P.Os, respec-
tively, in 100 cc. extract.

Experiments made to show the stimulating effect
of acid-extract on yeast were not convincing. It is
thought the presence of both acid and soluble salts
makes the gluten more coherent.

In general the better the flour, that is the stronger
the gluten, the more marked is the improvement by
use of acid-extract; but all samples of flour show greater
or lesser improvement.

The inner portions of the loaves of bread made with
acid-extract show no greater amount of water-soluble
acid reacting material than the average of home-made,
or bakers’ bread. !

In conclusion, the writer wishes to acknowledge his
indebtedness to L. M. Thomas, of the Division of Grain
Standardization, Bureau of Plant Industry, U. S. Dept.
of Agriculture, for his cooperation in making the baking
tests, scoring the bread and for making the photographs
that are used in this report. :

NORTH DAKOTA AGRICULTURAL COLLEGE

THE ANALYSIS OF MAPLE PRODUCTS, II
A Comparative Study of the Delicacy of Methods®
By J. F. SNELL AnxD J. M. Scorr
In studying the usefulness of the electrical conduc-
tivity test® for the detection of adulteration in maple
syrup it appeared desirable to compare the delicacy

1T, B. Wood, Jour. Agr. Sci., 2, 267 (1907); Abstract in J. Scc.
Chem. Ind., 27, 175 (1908).

2 Paper presented at the 48th Meeting of the A. C. S., Rochester,
September 8-12, 1913. :

3 Snell, Tris JourNAL, 5, 740 (1913).
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of this test with that of other methods in vogue. For
this purpose three syrups, A, B, and C, were chosen.
A, alight-colored syrup of high quality, and B, a mixture
of several pure maple syrups, were kindly donated
by Mr. John H. Grimm, of Montreal, while C was
a syrup made at Macdonald College in the season of
1913. z

These were diluted with water and boiled to 219° F.,
after which their specific gravities at 60° F. were:
A, 1.325; B, 1.320; C, 1.318. Cane-sugar syrups of
the same specific gravities were prepared from granu-
lated sugar and mixtures of the cane and maple syrups
made up and analyzed.

The following determinations were made upon each
of the mixtures: :

‘ (1) Total ash by ignition in an electric muffle at.
a low red heat (600-650° C.).

(2) Insoluble ash.!

(3) Soluble ash by difference.

(4) Alkalinity of insoluble ash.!

(5) Alkalinity of soluble ash.!

(6) Conductivity value, i. e., 100,000 times the spe-
cific conductivity at 25° C. of a mixture of one volume
syrup with two volumes of water.?

(7) Canadian lead number.? :

(8) Winton lead number. In Syrups B and C this
determination was made upon 25 grams of syrup as
originally directed by Winton,* the blank being treated
with acetic acid as directed by Bryan.

In Syrup A, however, the determination was made
upon the quantity of syrup (38.462 grams) containing
25 grams of dry matter, the procedure prescribed by
the Canadian standard of purity for maple syrup.?

(9) Ross’s modified Winton number.?

This determination also was made on 25 grams of
syrup in Syrups B and C, but upon 38.462 grams in
syrup A.

(10) Sy lead value.® Weight of lead precipitated
from normal lead acetate by 100 cc. of syrup.

The results obtained are shown in Tables I, II, and
III. In Tables IV, V, and VI the actual percentage
of maple syrup in each mixture is compared with the
“estimated percentages” derived from the ratios of
the various values in the mixture to those in the pure
syrup.

EFFECTS PRODUCED UPON THE VARIOUS DATA BY PRO-
GRESSIVE DILUTION WITH SUCROSE SYRUP

It will be noted that the ratios of the weights and
also those of the alkalinities of the soluble ash to the
insoluble ash remain nearly constant down to the 350
per cent mixture. In mixtures containing less than
so per cent. of maple syrup, these ratios fluctuate
greatly. These fluctuations are doubtless due to the

8

.

1 Jones, Vermont Agr. Expt. Sta., I18th Ann. Rept., 1904-5, 321; Bryan
Bur. Chem., U. S. Dept. Agr., Bull. 134, 17 (1910); McGill, Lab. Inland
Revenue Dept., Ottawa, Bull. 228, 5 (1911).

2 Snell, loc. cit.

3 McGill, loc. cit.

4 Winton and Kreider, J. Am. Chem. Soc., 28, 1204 (1906).

5 Bryan, loc. cit.

¢ Canadian Order-in-Council, G, 994, Nov. 8, 1911; McGill, Lab.
Inland Rev. Dept., Bull. 228, 5 (1911). &

7 Ross, Bur. Chem., U. S. Dept. Agr., Circ. 63, 8 (1910).

8 Sy, J. Frank. Inst., Dec., 1908, page 68 of reprint.
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TABLE I—MAPLE SYRUP A

Per cent Per cent  Per cent Sol. ash: Alk. sol. Conduc- Canadian Modified Modified
" maple total insoluble Per cent Insol.  Alkalinity Alkalinity ash: Alk. tivity lead Winton* Ross* Sy lead
syrup ash _ash sol. ash ash insol. ash sol. ash insol. ash  value number lead no.  lead no. value
100 1.14 0.45 0.69 1253 56 47 0.84 136 2.26 1.46 1.78 0.342
90 1.08 0.38 0.70 1.89 54 52 0.96 126 1571 1.44 1.69 0.309
80 0.86 0.35 0.51 1.46 46 42 0.91 115 1.58 1.23 1.60 0.273
70 0.68 0.26 0.42 1.62 38 36 0.92 101 1.38 1.18 1.50 0.229
60 0.71 0.25 0.46 1.84 36 31 0.86 90 1.10 1.04 1.39 0.194
S0 0.68 0.20 0.48 2.40 31 26 0.84 78 0.70 0.72 1533 0.179
40 0.32 0.14 0.18 1.29 20 20 1.00 65 0.36 0.55 1523 0.104
30 0.20 0.14 0.06 0.43 22 12 0.55 50 0.14 0.30 1.04. 0.075
20 0.15 0.06 0.09 1.50 16 14 0.87 35 turbidity only 0.16 0.80 0.052
10 0.09 0.02 0.07 3.50 10 4 0.40 20 faint turbidity 0.00 0.44 0.020
* Winton and Ross methods on 25 grams dry sugar = 38.462 grams syrup. :
TABLE II—MaAPLE Syrup B
Per cent Per cent  Per cent Per cent  Sol. ash: Alk. sol. Conduc- Canadian Winton* Ross*
maple total insoluble water-sol Insol. Alkalinity Alkalinity ash: Alk. tivity lead lead lead Sy lead
syrup ash ash ash ash insol. ash sol. ash insol. ash  value number number number value
100 0.92 0.40 0.52 1.30 65 52 0.80 170 3.18 1.46 1572 0.460
90 0.80 0.37 0.43 1.16 62 48 0.77 147 2.67 1.34 1.64 0.378
80 0.71 0.25 0.46 1.84 57 41 0.72 144 2.12 1.19 1.48 0.296
70 0.62 0.26 0.36 1.38 52 38 0.73 126 1.81 1.03 1.34 0.259
60 OS] 0.22° 0.33 1.50 46 31 0.67 109 1.60 0.89 1.16 0.239
50 0.49 0.20 0:29 1.45 38 28 0.74 95 1.06 0.73 1.08 0.177
40 0.38 0.12 0.26 2.17 26 26 1.00 77 0.74 0.54 0.82 0.128
30 0.32 0.09 0.23 2.56 19 23 1.21 58 0.31 0.38 0.66 0.074
20 0.22 0.06 0.16 2.67 12 14 1.17 47 turbidity only 0.23 0.37 0.050
10 0.08 0.02 0.06 3.00 10 9 0.90 24 no turbidity 0.11 0.10 0.022
* Winton and Ross methods on 25 grams syrup.
TABLE III—MAPLE Syrup C
Per cent Per cent  Per cent Sol. ash: Alk. sol. Conduc- Canadian Winton Ross
maple total insol. Per cent Insol. Alkalinity Alkalinity ash: Alk. tivity lead lead lead Sy lead
syrup ash ash sol. ash ash insol. ash sol. ash insol. ash  value number number number value
100 0.70 0.27 0.43 1259, 48 40 0.83 128 2.02 1.34 1.49 0.415
90 0.63 0.24 0.39 1.62 45 38 0.84 117 1.80 1.28 1.37 0.351
80 0.54 0.21 0.33 1.57 44 35 0.80 107 1.38 1.10 1.21 0.308
70 0.47 0.21 0.26 1.24 38 31 0.82 96 1.09 0.98 1.07 0.265
60 0.39 0.18 0.21 1817 30 28 0.93 85 0.64 0.74 0.86 0.166
S50 0.34 0.14 0.20 1.43 26 24 0.92 70 0.37 0.67 0.79 0.126
40 0.31 0.12 0.19 1.58 20 21 1.05 59 0.24 0.56 0.66 0.072
30 0.23 0.09 0.14 1.56 18 17 0.94 47 0.14 0.44 0.52 0.058
20 0.17 0.06 0.11 1.83 14 12 © 0.86 31 faint turbidity 0.38 0.31 0.032
10 0.06 0.02 0.04 2.00 6 6 1.00 18 no turbidity 0.18 0.23 faint turbidity
TABLE IV—MaAPLE SYRUP A. ESTIMATED MAPLE SYRUP CONTENT CALCULATED FROM DETERMINATIONS GIVEN IN TABLE I
Actual Estimated Estimated  Estimated
per cent  Estimated Estimated Estimated Estimated Estimated Estimated from from modi- from modi- Estimated
maple from total from insol. from sol. from alk. from alk. from con- Canadian  fied Winton  fied Ross from Sy
syrup ash ash ash insol. ash sol. ash ductivity lead no. lead no. lead no. lead value
90 94.7 " 84.4 101.4 96.4 110.6 92.6 %19 5 7, 98.6 94.9 90.3
80 75.4 77.8 73.9 82.1 89.4 84.6 69.9 84.2 89.9 79.8
70 59.6 57.8 60.9 67.9 76.6 74.3 61.1 80.8 84.3 67.0
60 * 62.3 55.5 66.6 64.3 66.0 66.2 48.7 7152 78.1 56.7
50 59.6 44 .4 69.6 55.4 D953 57.4 31.0 49.3 74.8 5243
40 28.1 31.1 26.1 35.7 42.6 47.8 1359, 37.7. 69.7 30.4
30 17.5 31.1 8.7 39.3 25.5 36.8 6.2 20.5 58.4 22.0
20 13.2 13.3 13.0 28.6 29.8 257, 11.0 4439 15.2
10 7.9 4.4 10.1 17.9 8.5 14.7 55 0.0 24,7 5.8
TABLE V—MAPLE SyruP B. ESTIMATED MAPLE SYRUP CONTENT CALCULATED FROM DETERMINATIONS GIVEN IN TABLE II
Estimated
Actual per Estimated  Estimated Estimated Estimated Estimated Estimated from Estimated Estimated Estimated
cent maple from total from insol. from sol. from alk. from alk. from con- Canadian from Winton from Ross from Sy
Syrup ash ash ash insol. ash sol. ash ductivity lead no. lead no. lead no. lead value
90 87.6 92.5 82.7 95.4 92.3 86.5 83.9 91.8 95.3 82.2
80 77.2 62.5 88.5 87.7 78.8 84.7 66.7 81.5 86.0 64.3
70 67 .4 65.0 69.2 80.0 73.1 74.1 56.9 70.5 77.9 56.3
60 59.8 55.0 63.5 70.8 59.6 64.1 50.3 61.0 67.4 52.0
50 : 53153 50.0 55.8 58.5 53.9 55.9 33.3 50.0 62.8 38.5
40 41.3 30.0 50.0 40.0 50.0 45.3 2353 37.0 47.7 27.8
30 34.8 22.5 44.2 29.2 44.2 34.1 957 26.0 38.4 16.1
20 seet. 23.9 15.0 30.8 18.5 26.9 27.6 15.8 21.5 10.9
10 8.7 5.0 11.5 15.4 17.3 14.1 7.5 5.8 4.8
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TaBLE VI—MAPLE SYrRUP C. ESTIMATED MAPLE SYRUP CONTENT FROM DETERMINATIONS GIVEN IN TaBLE III
Estimated
Actual per Estimated Estimated Estimated Estimated Estimated Estimated from Estimated Estimated Estimated
cent maple from total from insol, from sol. from alk. from alk. from con- Canadian from Winton from Ross from Sy
syrup ash ash ash insol. ash sol. ash ductivity lead no. lead po. lead no. lead value

90 90.0 88.9 90.7 93.7 95.0 91.4 89.1 9535 91.9 84.6
80 77.1 77.8 76.7 9157 87.5 83.6 68.3 82.1 81.2 74.2
70 67.1 77.8 60.5 79.2 7 o] 75.0 54.0 73%5) 71.8 63.9
60 55.7 66.7 48.8 62.5 70.0 66.4 31.7 D532 ST 40.0
50 48.6 51.9 46.5 54.2 60.0 54.7 18.3 ‘50.0 53.0 30.4
40 44.3 44 .4 G 44.2 41.7 0250 46.1 11.9 41.8 44.3 17.3
30 329, 33.3 32.6 37.5 42.5 36.7 6.9 32.8 34.9 14.0
20 24.3 22.2 25.6 29.2 30.0 24.2 28.4 20.8 7ES
10 8.6 7.4 9.3 1255 15.0 14.1 13.4 15.4

greater influence of experimental errors in the ash de- -

terminations in mixtures of low, as compared with those
of high, maple content. In the 1o per cent mixtures
.the actual quantity of insoluble ash weighed was in
each instance one milligram, while the quantities of
tenth normal acid used were o.20, 0.45 and o.30 cc.,
respectively, in the soluble ash of Syrups A, B, and C,
and o.50, o.50 and o.30 cc. in the insoluble ash. A
similar variability is noticeable in most of the other
values for the mixtures of low maple content.

The true Winton and Ross lead numbers (Syrups
B and C) and the conductivity value come nearest
to decreasing proportionally to the maple content.
The conductivity value gives estimated results a little
higher than the actual, with the single exception of
the go per cent mixture in case of Syrup B. That
this exception is not due to experimental error is evi-
denced not only by the fact that repetition of the meas-
urement on this syrup confirmed the result at first
obtained, but that in the case of four other syrups,
go per cent mixtures gave estimated values of 86.6,
87.0, 87.2, and 87.3. In this respect, accordingly,
Syrups A and C appear exceptional rather than Syrup
B. Accordingly, small adulteration with cane sugar
appears often to have somewhat more than its pro-
portional effect on conductivity, while greater adul-
teration has always less than its proportional effect.

suggested that our high results might be due to our
neglect to observe his caution to use only freshly boiled
distilled water in diluting the syrup. Unfortunately
we were not able to test this point with Syrup B as our
material was exhausted. We have, however, made a
series of experiments on some of the mixtures of Syrup
C, the results of which are given in Table VII. No

TaBLE VII—COMPARISON OF R0oss LEAD NUMBERS ON MIXTURES OF SYRUP
C, UsiNG FrESHLY BOILED AND UNBOILED WATER

Actual Ross lead Ross lead
per cent number with Calculated number with Calculated
maple freshly boiled per cent unboiled dis- per cent

syrup water maple syrup tilled water maple syrup

100 1.42 1.49

80 1517 82.0 1221 81.2

50 0.78 54.9 0.79 53.0

20 0.32 22.5 0.31 20.8

difference of consequence was observed due to the
boiling of the water. In order to make a further study
of the Winton and Ross methods we prepared two
composite samples (D and E) from 1oo pure syrups
made in the season of 1913. The syrups from which
these composites were made were obtained directly
from the sugar bushes of Quebec and Ontario by gradu-
ate representatives of the College, so that there can
be no doubt as to their purity. Mixtures of these
syrups with cane syrup were made up and the Ross
and Winton lead determinations made upon each,

TABLE VIII—COMPARISON OF WINTON AND Ross LEAD NUMBERS ON Syruprs D anxp E

Syrup D
Maple content Maple content
Actual per Winton estimated estimated
cent maple lead no. from Winton Ross from Ross
syrup lead no. lead no. lead no.

100 1571 2.01

90 1.56 91.2 1.85 91.8

80 1.30 15%7, 1.63 81.1

70 1.14 66.7 1.41 70.1

60 1.03 60.2 1.40 69.7

50 0.875 5152 1.19 59.2

40 0.605 35.4 0.825 41.0

30 0.425 24.9 0.76 37.8

20 0,265 1585 0.43 21.4

10 0.09 Sl 0.135 6.7

The Ross lead number when determined by the orig-
inal method (Syrups B and C) does not decrease as
rapidly as the actual maple syrup content. (In the
case of Syrup A where the determinations are made
on a quantity of syrup equivalent to 25 grams of dry
‘sugar the results obtained are high throughout and
further from the actual proportions of maple syrup
than are those obtained without the use of potassium
sulfate.) These results—particularly those on Syrup
B (Tables II and V)—are not in agreement with Dr.
Ross’s experience, and in correspondence with us he

Syrup E
Maple content Maple content

estimated estimated
Winton from Winton Ross from Ross
lead no. lead no. lead no. lead no.
1.635 2.155
12325 81.0 1.94 90.0.
1.18 72.2 1.75 81.2
1.06 64.8 1.625 75.4
0.825 50.5 1.355 6229
0.645 39.4 1912 52.0
0.46 28.1 0.905 42.0
0.29 17.7 0.72 33.4
0.145 8.9 0.445 20.7
0.060 3.7 0.190 8.8

freshly boiled water being used in the Ross method.
As will be seen from the results which are tabulated
in Table VIII, the Ross method gives estimated results
much closer to the actual maple content than does the
Winton method.” Especially is this the case in regard
to Syrup E. In most instances the estimated results
with the Winton method are lower than the actual
maple content, while on the other hand the Ross
method gives results slightly higher than the actual.

The Canadian lead number drops off much more
rapidly than the actual maple syrup percentage and
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vanishes in the three series at a maple content of 20
per cent. This fact gives the Canadian method a
distinct advantage as far as the detection of small
adulteration is concerned, but renders it useless for
distinguishing compound maple syrups containing
a small proportion.of maple from imitation syrups
containing none. Moreover, the advantage of the
Canadian method for the former purpose is somewhat
offset by the great variability of the Canadian lead
number in genuine maple syrups. In its investiga-
tion of some 4350 Canadian syrups of the season of
1911, obtained directly from the makers accompanied
by a declaration of genuineness,! the Laboratory of
the Inland Revenue Department found twelve syrups
with values below that adopted in the standard,
2i3., 1.70. Six samples yielded lead values of over
4.50, and of these three were above 5.00. In an
uncompleted investigation of 125 genuine Canadian
syrups of the season of 1913 we have found even a
greater variation in the Canadian lead number, o
samples having values above 4.50, 8 of which are also
above 5.00. As will be seen by referring to the Cana-
dian lead numbers in Table II, a syrup of high lead
value may be adulterated with a comparatively large
proportion of cane sugar without falling below the
Canadian standard. Syrups A and C, however, with
original lead values of 2.26 and 2.02, respectively, have
already reached the limit of the standard when the
adulteration amounts to 10 per cent.

The Sy lead number, like the Canadian, drops off
more rapidly than the maple content. But it does
not show this propensity to the same degree as the
Canadian value. We are unable to see any advantage
in Sy’s method over the other methods which would
compensate for the extra time and labor involved in
making the determination.

RANGE OF VARIATION IN GENUINE SYRUPS

The delicacy of any method of detecting adultera-
tion of maple syrup with pure sucrose obviously de-
pends upon: (1) The limits of natural variation of
the value in question in genuine syrups. (2) The
rate at which the value falls off as the proportion of
genuine syrup is decreased. As we have seen, the
Canadian lead value excels in the second point but
not in the first. The range of variation of the differ-
ent values may readily be seen from Table IX, which

TABLE IX—RANGE OF VARIOUS ANALYTICAL VALUES IN GENUINE MAPLE
SYRUPS. EXPRESSED IN PERCENTAGE OF THE MINIMUM

Total Winton Malic acid Canadian Conductiv-
Investigator ash lead no. value lead no. ity value
Bryail iR 147 151(a) 452 k)
McGIN TSNS 100 127(b) 287 380 %
Snell and Scott...... 125 190 329 331 109
(@) Original Winton method. (b) Modified.

shows percentage variation of the different values in
the natural product as found by Bryan, McGill, and
ourselves. Bryan’s figures were obtained from 481
samples of maple syrup representing all the maple-
producing states of the Union and the Province of
Quebec. McGill’s figures on the Canadian lead num-
ber are based upon analyses of 456 samples of Cana-

1 Lab. of the Inland Reventie Dept., Ottawa, Bull. 228 (1911).

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 5, No. 12

dian syrups; those on Winton lead number, total
ash and malic acid upon a study of 47,115 and 432
of these samples, respectively. Our limits for the con-
ductivity method are the result of measurements made
upon over 200 syrups. It will be noticed that the
range is somewhat wider than that reported in the
first paper of this series, viz. 829%,. This is due to the
fact that since the publication of the paper on electrical
conductivity we have found syrups which gave con-
ductivity values above the maximum previously ob-
tained (200) and which from our present information
we must regard as genuine. We have, however, found
none below the minimum reported (110). Our figures
for the other values are based upon an uncompleted
investigation of 125 samples of Canadian syrup of.
the season of 1913 and are to be regarded as merely
tentative. When the investigation is completed the
range of some of the values may prove to be narrower
than here reported. From the figures given in Table
IX it is evident that the conductivity value shows the
narrowest limits of variation of any of the data.

COMPARATIVE PRECISION OF LEAD METHODS

The Laboratory of the Canadian Inland Revenue,
which originated the Canadian lead method, admits
that the Winton method gives more precise results,
i. e., closer duplicates, than can be obtained with the
Canadian method. Our own experience is to the same
effect. It occurred to the authors that it might be
possible to combine the advantages of these two methods
by using the same proportion of lead subacetate solu-
tion as in the Canadian method, and determining the
amount of residual lead in solution as in the Winton
method. Some experiments have been carried on in
this connection, the results of which will be published
in a subsequent paper.

MODES OF WASHING .PRECIPITATE IN CANADIAN LEAD

METHOD

Experiments have also been made upon the effect
of temperature and volume of wash-water upon the
weight of the lead subacetate precipitate as obtained
by the Canadian method. The results given in Table
X clearly indicate that wash waters of 80° and 100° C.
TABLE X—EFFECT 017 VARIATIONS OF TEMPERATURE AND VOLUME OF

Wasa WATER UPON THE CANADIAN LEAD NUMBER
Syrup I

Total quantity of wash water(a)

Temp. of wash water 80° C. 50 cc. 100 cc. 150 cc. Average
Isttime oo or et o 4.56 4.29 4.20
4.52 4.32 4.62
2nd time A oGt Tl 4.68 4.63 4.12
4.80 4.60 4.21
Average at 8025 a N 4.64 4.46 4.29 4.46
100° C.
1stitime sl S 4.77 4.37 4.70
4.66 S 4.50
2anditime sty i ave s L. 4.84 4.26 4.36
S 4.35 4.42
Average at 100°%....... ... 5. 4.76 4.33 4.50 4.53
AVETAZE LT S s ey 4.70 4.40 4.40
Maxsdeviation i e voyian i 0.18 0.23 0.30

(a) Applied in five equal portions in every instance.
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Syrup II
Total quantity of wash-water(a)

Temp. of wash wate.r 80° C. 50 cc. 100 ce. 150 ce. Average
18titime oA S G e 2.83 2.40 2.58
2.92 2.54 2.69
Z2nditime i as e 2.95 2.74 2.75
2.98 2515 2.79
Average at 80° ............. 2192 2.61 2.70 2.74
100° C.
1st:time SR R e 2293 2.72 2.51
2.82 2.70 2.65
2nd itime SR N O, 2.82 2.81 2.43
2.98 2.76 2.54
Average at 100%. ....0iiunneans 2.89 2.75 2.53 2.72
AVerage iai v e s e 2391 2.68 2,62
Maxiideviation e st 0.09 * 0.28 0.19

(a) Applied in five equal portions in every instance.

give identical results. Higher results are obtained
with 50 cc. of wash water (applied in five portions)
than with 100 cc. or 150 cc. There is no material

difference between the results obtained with 100 cc.

and with 150 cc. of wash water.

MODES OF REDUCTION OF LEAD NUMBERS TO DRY
MATTER BASIS

In the investigation made by the Laboratory of the
Inland Revenue Department preliminary to the setting
of standards, the Canadian and Winton lead determina-
tions were made upon fixed quantities of syrup (5
grams and 25 grams, respectively) and the results
calculated to a dry matter basis. The standards,
however, prescribe the use of a quantity of syrup
equivalent to the same fixed quantity of dry malter,
i. e., 5 grams and 25 grams of dry matter, respectively.
We have made a comparison of results obtained di-
rectly by the methods of the Canadian standard with
those obtained by calculation from the determinations
on the wet basis. As will be seen from Table XI,

TABLE XI—COMPARISON OF LEAD NUMBERS ON DRy BASIS, ACTUAL
AND CALCULATED

Canadian lead method Winton lead method

Syrup Actual Calculated Differ- Actual  Calculated Differ-
number lead no. lead no. ence lead no.  lead no. ence
1 1.80 1.36 0.44 1.35 1.53 0.18

2 3.20 2.95 0.25 1.96 2.11 0.15

3 3.02 2.63 0.39 1.98 2.20 0.22

4 2.86 2.51 0.35 2.01 2.16 0.15
Average, 0.36 0.18

with ‘the Canadian method the results obtained by
calculation to a dry basis are lower than those de-
termined directly upon the dry basis, the average
difference on the four syrups being o.36. With the
Winton method, on the other hand, the calculated re-
sults are uniformly higher than those directly deter-
mined, the average difference in this case being o.18.
All results given are the average of closely agreeing
duplicates. It would appear, therefore, that material
differences exist between the results obtained, on the
one hand, by determination upon a fixed quantity of
Syrup and calculation to a dry basis and, on the other
hand, by direct determination upon a definite quantity
of dry matter.
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THE BLANK IN THE WINTON METHOD
In making the determination of lead in the blank
for the Winton method, Bryan recommends the addi-
tion of acetic acid to the lead subacetate solution to

° prevent formation of a precipitate upon the addition

of water, ‘“as pure sugar would do.”! Upon making
determinations in duplicate on two blanks, one treated
with acetic acid, the other with 25 grams cane sugar
syrup, we found that smaller amounts of lead were
held in solution by the cane sugar than by the acetic
acid. This was the case, whether the determinations
were made immediately upon the unfiltered blank
or upon the settled (3 hours) and filtered blank, as
will be seen from the figures of Table XII. It would

TABLE XII—EXPERIMENT ON WINTON BLANK
Weight of lead sulfate precipitate

Immediately Atend of 3

unfiltered hours filtered
Acetic acid used as clarifier in blank..,...... . 0.1593 0.1600
25 grams cane sugar syrup in blank,.......... 0.1571 0.1558

seem to be more rational to make the Winton blank
in the presence of cane sugar syrup rather than with
acetic acid, as in this way we should approximate more
closely to the conditions obtaining in the determina-
tions upon maple syrup.

SUMMARY

1. The rates at which the conductivity value, ash
data and various lead values fall off as maple syrup
is diluted with cane sugar syrup are determined for
three samples of maple syrup.

2. The range of variation of these data in genuine
syrups is studied with reference to the work of Bryan
and McGill, as well as to our own work.

3. The Canadian lead value shows the most rapid
falling off.

4. The conductivity value shows the narrowest
range.

5. The Winton lead method gives better agreement
of duplicates than the Canadian method.

6. In the Canadian method no material difference
is obtained by washing the precipitate with water
at 80° and 100° C. Practically identical results are
obtained with 100 cc. and 150 cc. wash water, but higher
results with 50 cc.

7. Results obtained in the Canadian method, using
the quantity of syrup containing 5 grams of dry matter,
are higher than those obtained with use of 5 grams of
syrup and calculated to the dry basis. On the other
hand, in the modified Winton method, prescribed in
the Canadian standards, lower results are obtained
with the use of the quantity of syrup containing 23
grams dry matter than when 25 grams syrup are used
and the results calculated to the dry basis.

8. The use of cane-sugar syrup instead of acetic
acid in the Winton blank is suggested.

(The expenses of this investigation were defrayed
out of the grant of the Dominion Government for the
advancement of agriculture, 1912.)

MacpoNALD COLLEGE
QuEeBec, CANADA

IBryan, loc. cit., p. 18,
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ON THE PREPARATION OF NEUTRAL AMMONIUM
CITRATE SOLUTION!

By Paur RubpNick AND W. L. LATSHAW

It has been the custom in this laboratory for several
years past to determine the strength of neutral am-
monium citrate solution by the analytical method
recommended by the Committee on Ammonium Citrate
Solution of this Division in 1900,? except that no
attempt was made to determine the citric acid content
by titrating back the residue after distillation of the
ammonia. It was found simpler and easier to deter-
mine the strength in this way and to calculate from this
strength the extent of dilution necessary to bring the
solution to the strength recommended, 7. e., 43.7
grams of ammonia per liter, than to dilute to the re-
quired specific gravity by cut-and-try methods. A
determination of the specific gravity of the solution
thus prepared is always made as a final check and is
always found to be o0.09 = o.o01, substantially as
required by the official method.?

The determination of the neutrality proper, how-
ever, has not been made by determining the citric
acid as recommended by the committee, but is made
by the indicator method recommended by Hand,!
which has proven fairly satisfactory in our hands so
far as ease of manipulation and simplicity were con-
cerned.

The electrical conductivity methods proposed by
Hall and Bell® and later by Patten and Robinson®
as well as the extraction and temperature methods
proposed by Bell and Cowell’ do not seem applicable
to the problem as presented in routine fertilizer work
for various reasons, chiefly because of the difficulties
of manipulation involved. A most practical method
of attacking the problem was advised by Patten
and Marti® and presented at the last meeting of this
Division in Milwaukee. The great advantage of this
method lies both in its simplicity and ease of accurate
reproduction, as well as in the fact that it is based
upon reliable and accurate physico-chemical measure-
ments summarized in a definite strength of both am-
monia and citric acid.

It became a matter of interest to compare this method
with the method used in this laboratory heretofore
as described above, and the following is an account
of the preliminary work undertaken and of the results
so obtained.

Two solutions of ammonium citrate were prepared
as follows:

Solution I upon analysis by the Patten and Marti
method showed a content of 158.1 grams of citric acid
and 37.23 grams of ammonia per liter. From this
the proper correction for both citric acid and ammonia
were calculated and a re-analysis of the corrected solu-
tion showed a content of 168.6 grams of citric acid

! Paper presented at the 48th meeting of the A. C. S., Rochester,
September 8-12, 1913.

2 W. D. Richardson, ef al., THIS JOURNAL, 1, 616 (1909).

3 Bur. Chem., Bull. 107, page 1.

4 Ibid. 132, page 11,

8 J. Am. Chem. Soc., 33, 711 (1911).

8 THIS JOURNAL, 4, 443 (1912).

1 J. Am. Chem. Soc., 35, 49 (1913).

8 Tr1s JOURNAL, 5, 567 (1913).
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and 44.54 grams of ammonia per liter. The gravity
of this solution was 1.09. This solution was assumed
to be practically neutral and of the proper strength,
although when tested by the indicator method of Hand
it seemed to be very slightly acid. This was in ac-
cordance with the ratio of ammonia to citric acid,
namely 1 : 3.786 instead of r : 3.765.

Solution IT was made up of a higher concentration
than that required by the official method and was
then brought to neutrality as follows:

Instead of following strictly the method of Hand
a series of tubes was prepared from Solution I as
described by Hand, namely adding 5 cc. of the am-
monium citrate solution to 45 cc. of neutral water
containing the prescribed amount of azolitmin indi-
cator. One of these tubes was left unchanged and to
the remainder were made successive additions, differ-
ing by o.5 cc. each, of N/1o ammonia and N/io
citric acid, respectively. From these tubes the one
apparently nearest neutral was chosen and Solution
IT was then adjusted to this color by the method of
Hand. Instead of comparing the tubes as described
by him, however, we found it much easier to compare
them in a Craven-Jennings colorimeter! in the same
manner as in nesslerization of water.

Solution II was then analyzed by the Patten and
Marti method and was found to contain 179.2 grams
of citric acid and 47.80 grams of ammonia per liter,
giving a ratio of 1 : 3.748 as against 1 : 3.765, the
ratio given by Patten and Marti. Solution II was
then brought to a gravity of 1.09.

We now had two solutions, one of which (Solution
IT) was obviously slightly alkaline, the other (Solution
I) slightly acid. Comparative analyses of a sample
of acid phosphate were made with these two solutions,
giving the following results:

PERCENTAGES INSOLUBLE P205 BY

Solution I Solution IT
1.10 1711
1.11 1.10
Tost 1.12

These results wotuld indicate that the variation of
these solutions from the ratio given by Patten and
Marti was not sufficient to affect the results obtained
on the sample of acid phosphate in question. Further
work on this subject is in progress.

CHEMICAL LABORATORY OF ARMOUR & COMPANY
UNI1ON STOoCcK YARDS, CHICAGO

A STUDY OF THE PEMBERTON-KILGORE METHOD FOR
DETERMINATION OF PHOSPHORIC ACID
By P. L. HiBBARD
Received Aug. 4, 1913
After using the Pemberton-Kilgore volumetric
method for phosphoric acid quite successfully for some
time, sources of error in it became apparent. Endeavor
to avoid these errors led to the making of this study,
which is now published with the hope that others
may be helped in the use of this very good method.
In the beginning it is well to understand that the
method is not, nor can it be made scientifically exact.
Good results obtained in the use of it must always be
! Supplied by the Bausch & Lomb Optical Company.
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due to a proper balancing of tendencies to error.
Nevertheless, with proper handling, it is capable of
giving results which for accuracy and reliability
compare favorably with those obtained by most
analytical methods in common use, and which are
obtained with an ease and speed not equalled by any
other method for determination of phosphoric acid
known to the writer. Much similar work has been
done by others. (See Bibliography.)

Publication of this study has been long delayed,
with the hope of better clearing up several points.
Pressure of other work now makes it likely that this is
very remote. But for practical purposes the work
is complete and is now given publicity with the hope
that it may assist some to successfully use the Pem-
berton-Kilgore method, who would not otherwise
overcome some of its difficulties.

This work includes a study of the influence of the
chief factors likely to have any bearing on the successful
use of the method, as apparent to the writer. The
method is not well adapted for estimating very small
amounts of phosphoric acid. Many of the results
are given in tabular form for easy reference. This is
followed by a summary and bibliography.

A. PRINCIPLES OF THE METHOD

The phosphate solution is mixed with an acid solution
of molybdic acid, which causes precipitation of an acid
double salt of phosphoric and molybdic acids of uni-
form and definite composition (E 26). This salt, here
spoken of as yellow precipitate, is filtered out, washed
free of other acid, and its acidity determined by titra-
tion with standard caustic alkali, which thus measures
the amount of P.0; in the solution analyzed. Ap-
parently this should give scientifically exact results.
In practice this is not true because of the influence
of the numerous other substances usually present in
the phosphate solution. Inexperienced operators will
usually get as good results with this method as with
most others. Experienced analysts will need con-
siderable practice with it before then can safely rely
on their results, though it is hoped that careful reading
of this study will soon enable such persons to use it
very successfully. In case but few determinations
art to be made at one time, it is scarcely worth while
to prepare the apparatus and solutions needed. The
gravimetric method would be more convenient.

The method is suitable for determination of PO
in almost any substance, with great speed and adequate
accuracy. After the solution of the phosphate is
prepared the assay may be completed in 20 minutes
or in much less time, at slight sacrifice of accuracy.
In the analysis of fertilizers by this method, I have
been able to complete 21 determinations, including
weighing out to final result, in a little over six hours
of actual working time, on various occasions. About
one-third of those were determinations of citrate-
insoluble P,O; which require much more time to pre-
pare the solutions. After the solutions were prepared
I have been able to precipitate, wash and titrate to
final result 22 samples in two and one-third hours.
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B. THE FILTER AND PREPARATION OF ASBESTOS

Lack of a suitable filter is the probable cause of
more failures in the use of this method than any other
one thing. The usual paper filter, or the Gooch
crucible, is not well suited to the work, and any one
depending on them is likely soon to be discouraged.
The filter tube described by Kilgore is very satisfactory
(G 7). Commonly known as a carbon tube or sugar
filter, this is a glass tube about 1!/, inches wide, 21/,
inches long, open at one end and narrowed at the
other end to a stem !/; inch diameter and 2 inches long.
A perforated porcelain disk 1'/g inches diameter has
a stiff piece of platinum or copper wire 5 inches long
fastened in its center. By extending into the narrow
stem this wire holds the disk level in the bottom of the
filter t_ube. The disk supports a layer of prepared
asbestos about !/s inch thick which forms the filter.
The stem of the filter tube is pushed through one hole
of a two-hole rubber stopper which is placed in the
mouth of an ordinary 12-ounce wide mouth bottle.
A bent glass tube in the other hole of the stopper is
connected with the vacuum pipe. Suction equal to
10 inches of mercury is sufficient. In forming the
filter, suction should not be applied until most of the
water has run out of the asbestos pulp after it is poured
into the filter tube.

A suitable quality of asbestos is very important for
rapid and clear filtering. In order to prepare the as-
bestos, shred it to small pieces, pack into a wide
mouthed flask, cover with dilute HCI (1 to 3). Place the
flask in a water bath and heat to boiling several (five)
hours. (Cannot well be heated over flame.) Filter
on a Buchner filter, wash free of acid, return to the
flask and cover with 5 per cent caustic soda, heat again
in a water bath three hours, filter, wash free of alkali,
then with dilute acid, and finally with water till free
of acid. The fine part must now be removed by de-
cantation. (Attempts to remove the fine asbestos
by an elutriation process were not very successful.)
The asbestos is suspended in a large volume of water,
in a tall jar or cylinder, allowed to stand about five
minutes, till the valuable coarser part is settled. The
milky liquor in the upper 2/; of the jar is now siphoned
off, the jar again filled with water and the asbestos
stirred through it; after a few minutes the milky
liquor is again drawn off. The fine asbestos in the
liquor drawn off is of no value for filtering and if left
with the coarse part, clogs the filter, making it very
slow in operation. The decantation must be repeated
five or six times till the liquor drawn off contains very
little suspended matter. The remaining medium
coarse asbestos is now ready for use. To make a
quick-acting filter the fibers should be long and rather
stiff so that the filtering bed will be somewhat springy
and remain very porous under pressure. If the as-
bestos fiber is very soft and thread-like, the filter bed
becomes compact and filters very slowly. After using
in a determination, the asbestos may be recovered for
using again, by washing with alkali, then acid and
again decanting to remove fine material. The filtering
tubes prepared with this asbestos are used much as
the gooch crucible would be. With this apparatus and



I000

properly prepared asbestos, the operation of filtering
and washing an ordinary P.0; precipitation need not
consume more than-five minutes.

If an ordinary paper filter be used, there is danger of
decomposition of the precipitate by the long washing
necessary to remove all acid from the filter paper.
- This decomposition may be prevented by the presence
of 2 per cent of potassium nitrate in the wash water.
If paper is used, there is danger of reduction of the
molybdate during the titration, after the solution
becomes alkaline, thus producing a bluish color, which
obscures the end point in the final titration back with
acid. The ammonium phosphomolybdate precipitate
packs very much during filtration by suction so that
if there is much of the precipitate, it makes so deep a
layer in the ordinary size of gooch crucible, that filtra-
tion and washing are slow. Besides, the gooch is not
a convenient dish from which to transfer the precipi-
tate and asbestos back to the precipitating flask.
Both of these defects are avoided by use of the carbon
filter tube of the size mentioned; besides, the tube has
‘much greater capacity to hold liquid than the gooch,
which is a great advantage when several are operated
simultaneously.

The water used for washing the yellow precipitate
must be neutral and free of organic matter, ammonia
or CO, compounds. !

C. EXPLANATION OF METHODS AND SOLUTIONS USED

Details of the method of operating are given under
Section D.

For nearly all of the work here reported a solution
of sodium phosphate was used, usually containing
about three grams per liter. This makes about 20
mg. P20s in 25 cc., the amount usually taken for each
test. For measuring the separate portions, a 235 cc.
automatic overflow pipette was used. Its delivery
was very constant and reliable. During the course
of the work several different phosphate solutions were
‘made and used. For this reason the actual P,O5 taken
for each set of experiments was somewhat variable,
and the correct amount is usually given at the beginning
of each table. With some exceptions figures given are
the result of two or more closely agreeing determina-
tions; in many cases, numerous determinations were
made. In some of the less important matters only
the figures given were obtained.

The molybdate solution used was made up according
to the method of the A. O. A. C., Bulletin 107, p. 4,
Bureau of Chemistry, United States Department of
Agriculture. One liter contained about 350 grams
MoO; (85 per cent), 72 cc. ammonia (sp. gr. 0.90) and
250 cc. HNO; (sp. gr. 1.42). This was freshly filtered
at time of using, and to each 100 cc., 5 cc. HNO;
(sp. gr. 1.42) were added. In most cases 25 cc. of
NH;NO; (6o per cent solution) = 15 grams were used
in each test. )

In experimenting with the various substances, a
concentrated solution of each was made and various
amounts of it were added to the phosphate solution before
making the volume up to 100 cc. with water. For
convenience complete working details of the method
are here given.
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D. WORKING DETAILS OF THE VOLUMETRIC METHOD

For this process the solution may be prepared by any
of the methods given in E 24, except by the use of
sulfuric acid. For the precipitation, a wide mouthed
Erlenmeyer flask of about 400 cc. capacity is con-
venient. Transfer to the flask, by means of a pipette,
an aliquot of the phosphate solution such that it will
contain 1o to 30 mg. phosphoric acid. It is desirable
to have as nearly 20 mg. as convenient. Neutralize

‘the aliquot taken by adding a slight excess of ammonia,

then nitric acid to faint acidity; then add 235 cc. of
ammonium nitrate, 6o per cent solution; then water
to bring the total volume to about 1oo cc. In case
very small amounts of phosphoric acid are present,
it is better not to increase the volume more than
necessary, leaving it less than 1oo cc. if convenient.
Place the flask in the water bath at 65° C. and after
a few minutes, when warm, add excess of ammonium
molybdate solution, mix, and let stand at 65° for 15
minutes. (Temperature in the flask is usually 2 or
3 degrees lower than in the bath.) The amount of
molybdate solution is varied in proportion to the
phosphoric acid present.

The minimum amount to be used is 20 cc. and if a
proper aliquot of the phosphate solution is taken,
40 cc. will be sufficient for almost any sample. The
molybdate solution must be filteréd immediately
before using; then add to it 5 cc. of nitric acid for each
100 cc. of molybdate solution. In case there is very
little phosphoric acid present, or, if the solution con-
tains much silica, it is better to keep temperature at
50 to 55 instead of 65. It should never be higher than
65 on account of danger of precipitating molybdic acid,
and the time should not be much over 15 minutes at
this temperature. After expiration of the time, filter
on asbestos in filter tube above described supported
on a 12-ounce wide mouth bottle. Wash with pure
water which must be neutral. By using 20 to 30 cc.
of water for each washing, the precipitate is usually
free of acid by the time the bottle is full. In order
to test for freedom from acid, transfer the filter to a
clean bottle in which collect some of the washings
(20 to 3occ.),add afew drops of phenolphthalein, then
one drop of standard alkali. If the red color is per-
sistent, the washing has been sufficient. Rinse off
the outside of the filter tube with water. Invert it
into the mouth of the flask and by means of the wire
in the disk, push the precipitate out into the flask.
Rinse out clean with water, into the flask. Now ti-
trate with the standard alkali, NaOH or KOH with
continual shaking, until the yellow precipitate has
completely disappeared. This disappears gradually.
Take care not to use a large excess of alkali. Two or
three cc. excess is best. After complete disappearance
of the yellow precipitate add !/, cc. phenolphthalein
solution and titrate back to colorless with standard
nitric acid, which is usually of the same strength as
alkali. The standard alkali used is of such strength
that 1 cc. is equivalent to 1 mg. of P,O; (32.38 normal).
From this may be calculated the amount of phosphoric
acid present.
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E. DETAILED STUDY OF THE CHIEF CONDITIONS AND
(
SUBSTANCES CONCERNED IN THE USE
OF THE VOLUMETRIC METHOD

In general, except when otherwise stated, each test

was conducted about as described under D.
1. Temperature

The yellow precipitate separates from the usual
molybdate solution more or less rapidly, according to

temperature. Hence, it is important to measure this
effect at various temperatures.
TaABLE I
A. 20.3 mg. P20s present B. 21.3 mg. P:0s present
Time Mg. P20s Time Mg. P20Os
heated ‘Temperature found heated Temperature found
°C. oC,
15 40 18.9(a) 15 50 20.6
15 50 20.2 ‘30 50 20.8
15 60 20.1 60 50 21.0
15 65 20.3 120 50 21.3
15 70 20.8 60 65 21,6
15 65 21.3

(a)' Very impe:r'fect pre;i;i;ation.

The precipitate formed at temperatures below 40°
is very finely divided and difficult to filter properly,
though it becomes fairly good if allowed to stand over
night. Yet the result is low. A shows effects of
variations in temperature for a fixed time. B shows
effect of varied time at fixed temperature. High tem-
perature promotes complete and rapid separation of
yellow precipitate also of MoOs;. At low temperature
MoO; does not separate so soon, but the yellow pre-
cipitate is also slow in forming, and too finely divided
to filter well, so a medium point is selected at which
the main evils are avoided and a reliable result obtained.
For this work the official conditions seem as good as
any, 15 minutes at 65° with 1oo cc. volume, though
it is quite possible that a different set of conditions
would do as well if properly worked out. Thus, a
higher temperature with shorter time would do very
well, except that there is greater danger of separation
of MoO; if temperature is not quickly lowered. Lower
temperature with longer time is very frequently used,
and is safer, the only objection being longer time
necessary.

2. Time

Table I indicates that time has a very important
effect on separation of MoQO;. This is better shown in
Table II in which time is varied but temperature con-

stant.
TaBLE IL

20.3 mg. P20s present

Time heated Temperature P10s found
°C
1 min. 65 19.9
5 min. 65 20.1
15 min. 65 20.3
30 min. 65 20.4
60 min. 65 20.8
15 min. 65 then stood S
24 hrs. 20 20.3

The last result shows that after the precipitation is

properly completed at the elevated temperature, the

“ result is not changed by allowing it to stand 24 hours
at room temperature.

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY

I001

3. Volume or Concentration
The volume in which precipitation takes place has
a very important effect on the character of the pre-
cipitate. In a concentrated solution of P,Os, the pre-

' cipitate is too finely divided and does not filter and

wash well. In a dilute solution the precipitate is slow
in forming and is likely to be deficient in quantity.
Table III indicates these effects.

TasLE 11X G
A. 20.3 mg. P:0s present B. 4.07 mg. P:0s present

Volume Mg. P:0s Volume Mg. P20s
Ces found (@ found
50 20.2 25 4.05
100 20.3 50 4.00
150 20.3 100 3.50
300 19.5 it S E

In this table all quantities were constant except
volume. But if molybdenum is increased in proportion
to total volume, the P,O;s found is nearly correct as is
indicated in Table IV.

4. Proportion of Molybdenum

Whatever may be the composition of the yellow
precipitate it is fully established by experience that
much more molybdenum must be present in the solution
than is necessary to combine with the P,Os present.
Twice as much is commonly used, often much more.
This excess tends to separate from the solution at ele-
vated temperatures and contaminate the yellow pre-
cipitate. Hereinis perhaps the greatest inherent source
of error in the volumetric method. Ammonium nitrate
in the solution reduces the amount of molybdenum
necessary for complete precipitation of P.0js also,
promotes separation of MoO;. HNO; has the opposite
effect. Hence, all these must be considered in ad-
justing the solution which is discussed under headifig o.

3

Table IV indicates effects of varying molybdpmitasCHNI

all other quantities remaining constant, exc 3, as
indicated. In B the proportion of molybdenum to
phoric acid is relatively high, and high results are showir:
In C the opposite is true.

TABLE IV

B. 4.07
mg. P20;5 present

A. 20.3

mg. P20s present C. 40.7 mg. P:0s

)

- : o 3 2 s
g (3 3} o o ] :
] ) % & & !
S by o B e n
s&e 8 S nws il e A S
3 . i) o o 'S Q i o Q
RFL g em ek f A s &
> 4 q : 28 ] 3 28 q 2
° v 50 C] 5 80 S = 5 0
= > o b = A i ]
15 100 19.6 5 100 3.90 30 100 39.6
20 100 20.1 10 100 4.35 40 100 39.9
25 100 20.2 15 100 4.40 S50 100 40.0
30 100 20.3 20 100 4.40 75 125 40.2
40 100 20.3 S 2 100 125 40.1
60 100 20.5 ey Vi

5. Nitric Acid

‘Free acid must be present in order that the yellow
precipitate may be formed as shown under Effect of
Free Acids (E 8). Nitric is the most suitable acid
(E 25). Contrary to the effect of NH;NO; it tends to
prevent separation of both the yellow precipitate and
of MoO;3, i. e., both are soluble in acid of sufficient
concentration. As shown in Table VIII, less than

s KC
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the usual amount allows MoO; to separate, causing
high results, while more than twice the usual amount
has but little solvent effect on the precipitate.

6. Ammonium Nitrate

Ammonium nitrate, though formed in the reaction,
is not necessary except to produce a desirable physical
condition of the precipitate and render it less soluble
in the liquid. It promotes the separation of MoOj,
thus causing high results, but if it is absent the pre-
cipitate is very finely divided, hence, difficult to filter,
and result is low. Large excess of ammonium nitrate
causes an amorphous precipitate, which passes through
the filter during washing, yet results are high—due to
co-precipitated MoOs;. Ammonium nitrate may be
to some extent replaced by other salts which tend to
have similar effects in promoting proper formation and
separation to the precipitate. Thus in the presence
of NaCl or (NH;).SO;, less NH;NOj; is required.

TaABLE V.
Substitution of NH,NO;

By NaCl By (NH)2SO«
NHNO:; NaCl Mg. P:0s NHNO; (NHy)SO«+ MgP:0s
Ce. Cc: found Ceol Ce. found
15 0 20.3 15 0 20.8
15 4 20.5 3 4 21.3
0 8- 20.0 ; 3 8 21.1
5 8 20.3 i i SIS
15 8 20.6
0 16 18.6
10 16 20.2

(This is complicated by action of SOy which usually
tends to high results.) Therefore, if the solution
contains much of some other salt, less NH;NO; need
be used. If the full usual amount is used in addition
to the other salt present, the bad effects of an excess
of the latter are apparent, while if less NH;NO; were
used the other substance would not interfere so much.

Besides its effects on the precipitate, ammonium
nitrate prevents solution of the precipitate by the wash
water during filtration, and partially offsets the bad
effect of excessive soluble chlorides in some cases.

7. General Effect of Salts in Solution

Below 5 per cent most salts have but slight effect.
Iron salts and sulfates are exceptions. Large quantities
of all salts examined have similar general effect,
though not to the same extent for all. Nitrates are
least injurious. Large amounts of soluble salts in-
crease solubility of yellow precipitate and tend to pre-
vent its formation, also, cause it to run through the
filter in washing. The only remedy is to decrease the
concentration of the salt. Decomposition of the pre-
cipitate in washing is largely avoided by presence of
2 per cent of KNO; or NH,NO; in the wash water.
Molybdic solution or dilute HNO; is also effective,
but is not permissible in the volumetric method.

8. Effect of Free Acids

The yellow precipitate is soluble in strong acids so
that their general effect is to cause low results. But a
certain amount of free acid is necessary to form the .
precipitate according to the equation:
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CaHy(POy)> + 24(NH,).MoOs + 44HNO; =

2(NH4)3PO4(1\/1003)12 -+ 42NH.1N03 + Ca(NO;)g +

24 H,0.
This free acid may be either HCl, HNO;, or H,SOj,
though HNO; is preferable as shown under E 23.
Besides being necessary in the reaction, to form am-
monium phosphomolybdate, free acid is necessary
to prevent separation of MoO; and the quantity thus
needed is variable depending on the amounts of salts,
molybdenum, P»0; and water in a given volume.
Free acid is also needed to keep in solution certain
bases, as Fe, Cu. The free acid usually present is

- commonly several times the amount needed in the

reaction. According to the equation above, 1 part
P,05 requires 16.2 parts MoO; and 18.6 parts HNO;. If
the solution contains o.o2 per cent P.0s this would
need for the reaction o.372 gram HNO;. However,
30 cc. of the official molybdate solution used in this
case would contain nearly seven grams HNO;  The
relation of these various substances may well be dis-
cussed under the heading:

9. Proportion between P05, HNO;, NH;NQO;, Molyb-

denum and Volume

Fifteen to thirty mg. P.O; is the most convenient
amount. There is no advantage in more P.0Os as
sensitiveness of end point decreases in proportion as
P,0; increases, so that greater accuracy is not obtained
by use of larger amounts of P;0;. This is one of the
weakest points of the method and makes the result
somewhat uncertain for high percentages of P.0Os.
For small amounts of P,0; 15 mg. or less, it is better
to keep the volume below 100 cc. in order to obtain
rapid separation of yellow precipitate. In this case
less NHNO; should be used. The relation between
NH;NO3; and HNO; in the solution may be somewhat
a matter of personal choice. It is shown by Hunde-
shagen (G 34) that at least 26 mol. HNO; to 1 PO; are
necessary, and up to 8o do no harm; above that causes
solubility of precipitate. But this was in the presence
of but little NH;NO;. In my work, which is essentially
according to the method of the Official Agricultural
Chemists, 15 per cent NH;NO; is used, in general, and
with this about 7 per cent free HNO; (supplied by molyb-
date solution). Thisis about 3 times as much acid as
Hundeshagen recommends. The purpose of NH;NO; is
to promote rapid and complete separation of precipitate
but it also promotes easy separation of MoO; which
tendency is counteracted by free HNO;. This free
acid which is contained in the molybdate solution helps
preserve the reagent and tends to prevent separation
of MoO; from this solution (molybdate) while standing
before use, as well as after it is mixed with P»0s solution.
If less NH;NO; is used, less HNO; should be used, tp
avoid solubility of precipitate.

In order to secure complete separation of the yellow
precipitate in a short time, the amount of molybdenum
used should be at least twice the amount necessary
to combine with P,0;. NH;NO; helps to reduce the
amount of molybdenum thus needed. But the greater
the excess of molybdenum present the greater is the
danger of separation of free MoO;: hence, the limit
to 2 or 3 times the amount entering the precipitate.
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In case of very small amounts of P,0j results are usually
high if large excess of molybdenum is used. In presence
of more than ordinary amounts of P.Ojs results are low
unless molybdenum 1is correspondingly increased.
In fact the proportion of all. the other ingredients in
the solution should be made to correspond to amount of
P»Os present. A good working proportion is this:
o.02 gram P,0; 15 grams NH;NO; volume 100 cc.
and 30 cc. molybdate solution, containing 7 per cent
free HNO;.
' 10. Chlorides
TanLE VI
Mg. of P20; found with

Chloride HCI
added (Sp. gr.)

Percentage NaCl NHyCl MgCla CaCla FeCls 1.20) BaCla
0 21.3 21.2 20.3 20.3 21.3 20.1 20.3
0.5 20.2 20.1 20.4 20.0
1 21.2 20.1 20.2 18.7 20.0 20.4
2 20.9 21.0 20.0 20.0 19.2 19.9 20.4
4 21.0 20.8 19.8 20.0 19.2 19.9 20.3
8 20.9 20.6 18.5 20.0 19.2 20.2
16 20.6 20.4

All chlorides examined tend to cause low results and
solubility of yellow precipitate. Iron and magnesium
chlorides are most injurious, calcium least. However,
if HCI is used as the solvent in preparing the solution
for analysis, then an aliquot is taken; the Cl present

is not often sufficient to be perceptible in effect. The
NH ;NO; used largely overcomes effect of Cl.
11. Nitrates
TABLE VIIL
Mg. P:0s5 found with
o
bno.s a 2 X ’7-.: ~ 6
- 9 = £
R » (o} o o (o) S =
LR Z zov e o= 2 T8
ge oz = o ® = CE =
& 5 (&) = b= O i< Z
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88 203 21500 15160 21,17 ¢ 202 20,3124 00,7
16 20.0 21015 Se o 1iss 20138 004 AR S 0113

NaNO; in addition to regular NH;NO; has little
effect up to 5 per cent. But if substituted for NH;NOs
in part or whole the precipitate is soluble, more or less.
Hence, it is best to avoid large amounts of sodium salts.
Nitrates in small quantity tend toward high results,
but in large amounts modify the character .of the pre-
cipitate greatly and cause low results, like any soluble
salt in large amount.

12. Sulfates
TasrLe VIII
Mg. P:0s found with

o =
hn‘ %C 5 Bl

o - -
g sl oREe A s sl ol S o
feige gzi iR g8 e B g
A moo Z M 3] = o i
05452033, 20,1 " 120°8 12078 01,00 21 05221108 22150
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8 18.5 21.005421:2 21.9
16 17.4 20.0
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In presence of soluble copper compounds, a little
Cu is contained in the precipitate and causes the as-
bestos to appear green in final titration. When more
than 2 per cent H,SO; is present it shows a strong sol-
In absence of NH;NO;
this is much more apparent. Up to 2 or 3 per cent,
soluble sulfates in general cause high results, above
3 per cent usually causes low results, with the bad
effects of excess of any soluble salts.

13. Removal of Soluble Sulfates from Solution

High results, due to soluble sulfates, are avoided by
precipitating SO; by BaCl.. This should always be
done in presence of considerable free acid in order to
prevent separation of barium phosphate. The solution
is then diluted to a suitable volume and an aliquot
taken for determination of P,Os.

Examples of Removal of Sulfates

One hundred cc. phosphate solution placed in 200 cc.
flask, added 5 grams K,SOy, 6 cc. HNO;, boiled, added
excess BaCl,, neutralized with NHj, cooled, filled to
mark, filtered, took for determination, 50 cc. = 0.0208
P,0;, found, o.0209. This shows that P.O; is not
carried down by BaSO, in acid solution.

14. Examples of Effect of Soluble Sulfates

Solutions of various fertilizers made by digestion
with H,SO; and K,SO; as if for determination of
nitrogen; no BaCl, added to remove SO4: compared
with solution of the same samples made by burning
with MgO and dissolving in HCI, BaCl, added to
remove SOq.

TABLE IX
Percentages P20; found with solution
made by
Burning with Digestion with
Material MgO H2504
No. 70. Complete fertilizer... 12.50 12.95
12.50 12.95
12.95
No.78 Bonemeal.......... 22.30 21.85
22.30 22.45
22.70
No.86 Tankage............ 12.55 13.20
No. 87. Complete fertilizer... 9.40 10.00

I5. Soluble Silica

TaABLE X-—P:0s FOUND WITH PERCENTAGE SiOz IN SOLUTION

0.0212 0.000
0.0212 0.005
0.0213 0.010
0.0218(a) 0.050
0.0217 0.100
0.0218 0.200

(a) After reprecipitating, this gave 0.0214.

If more than o.o5 per cent soluble SiO» was present it
was precipitated by the acid phosphate solution before
adding molybdenum, hence no higher results from larger
amounts of SiO, present. The smaller amounts make
the precipitate greenish yellow, flocculent, difficult to
filter and very slow to dissolve in the KOH: results
high. Reprecipitation removes most of the ill effects
of soluble SiO, and brings result nearly correct.
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16. Iron

Iron in solution as chloride, sulfate and nitrate causes
low results, somewhat proportional to amount present
(see Tables VI, VII, VIII). It always contaminates
the yellow precipitate so that in final titration the end
point is obscured by presence of ferric hydrate. This
is somewhat prevented by presence of tartaric acid,
or citric acid, in the molybdate solution, though enough
tartaric acid to prevent separation of iron causes
solubility of yellow precipitate and low results.
in the precipitate is avoided by double precipitation
as given in E 18.

Low results due to iron may be largely avoided by
use of a large excess of molybdate solution. In the
solution containing 20.8 mg. P.0;, presence of FeCl; =
8 per cent of Fe gave 13.2 mg. P,O; when 30 cc. molyb-
date solution were used, but when 100 cc. molybdate
were used, found 20.7 mg. P,Os.

TABLE XI—EFFECT OF INCREASED MO IN PRESENCE OF MucH FE

Molybdate used Percentage Mg. P:0s
Cc) Fe as FeCly found
30 0 20.8
30 4 19.2
75 4 20.7
30 8 1352
100 8 20.7

17. Effect of Oxidizing Agents

Bromine, below 2 per cent, no effect apparent: large
amounts cause low results.

Chromic acid acts much the same as H,SO,, small
amounts cause high results, large amounts, low results;
10 per cent completely prevented precipitation. A
small amount of Cr was retained in the precipitate
and gave a greenish tinge to final solution.

Potassium permanganate seems to cause somewhat
high results, but this is uncertain because of the in-
definite end point, especially with the larger amounts
of KMnOy, on account of the manganic oxide contained
in the precipitate which masked the pink color in the
final titration.

Results with these substances are shown in Table
XII.

TABLE XII
Percentage Mg. P:0s found with
substance A
added KMnO« CrOs Bromine
0.0 20.1 20.1 20.1
0.1 20.1 20.4 20.0
0.5 20.3 20.5 20.0
1.0 20.4 20.1 20.1
2.0 20.5 19.7 19.8

18. Reprecipitation

In any case where the yellow precipitate is suspected
of being impure, as from presence of MoO;, Fe, SiO.,
or SOy, it may be purified and a more nearly correct
result obtained by dissolving in NH; and reprecipitation
provided that the whole of the P.Ojs is contained in
the first precipitate. After precipitation is complete,
and precipitate well settled, pour off through the filter
as much as possible of the supernatant liquid, retaining
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precipitate in the flask. Add water and excess of
NH;OH to dissolve the precipitate in the flask, then
HNO; till yellow precipitate begins to form, but keep
a little alkaline. Now add 1o cc. NH4NO; solution
and water to make volume 100 cc., place in water bath
at 65° and when warm.add 10 cc. molybdate solution
with 5 cc. extra HNOj to re-form the yellow precipitate.
After standing 15 minutes filter through original
filter and treat as usual. The result is liable to be a
little either high or low, but much better than if not
reprecipitated. The slight amount of precipitate on
the filter is not reprecipitated. The lack of exactness
seems to be due to the difficulty in properly proportion-
ing HNO;, NH;NO;, Mo, and volume, as discussed
in E 9. Too little NH;NO; or Mo, too much H,0
or HNO; cause low results; too much NH¢NO; or Mo,
too little HNO; or H.0, or too high temperature cause
high results.

TABLE XIII-——EXAMPLES OF REPRECIPITATION
Mg. P:0s found

Not repre- After repre-
From pure Na:HPO4 cipitated cipitation
Amount present.......c..e.nn...n 20.1

19.9
20.2
20.0
20.3
20.1
20.5

No injurious substance present, . .

20.1 {
21.4 {

1.5 grams (NH)2SO4...covue....

Heated 1 hour at 65°............
Solution boiled... .. .o .l i

Percentages PiOs found

-~

Solution of Not After
fertilizer No. precipitated reprecipitation

fesi] O ey el 33.5 §:33.4

20 S 26.3 26.5

23R 15.2 15.4

2 e 28.7 28.8

206 R 7.6 7.8

19. Organic Impurities

Some are injurious in small amounts, while several
per cent of others is scarcely noticeable. Proteid
substances are usually very bad in effect, but this
may be much diminished by boiling with HNO;.
P,0s in the acid soil extract, usually prepared for soil
analysis, may well be determined without modification
of the solution except when the soil contains much
organic matter, when the latter must be decomposed
by boiling with HNO;. The organic matter in an
acid solution of steamed bone meal does not interfere
much in the determination of P»Oj, but the solution from
a tankage containing 5 per cent or more of N is not
well suited for the determination. The organic matter
in urine reduces the Mo, but after boiling with HNOs
and HCI this difficulty is removed and P,Os may be
accurately determined in the solution without further
treatment. Glue or gelatin forms an insoluble com-
pound with the yellow precipitate, hence, is not ad-
missible in the solution in which P,Os is to be de-
termined by the P. K. method. This fact is the basis
of a titration method which has been worked out by
A. Grete (G 41, 42) in which the boiling phosphate
solution is titrated by a molybdate solution containing
gelatin; the end point is that where no further pre-
cipitation occurs. :
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20. Precipitation by Shaking without Healing
Temperature used about 20° C., reagents, etc.,
same as in regular determination by heating, but
time varied. Shaken by Wagner machine, same as

used for determination of P,O; in basic slag by Wagner |

citric acid method.
TaBLE XIV—MGc. P:0s FOUND BY SHAKING METHOD

Solution contained............... 20.9
Found after shaking 15 min....... 20.4
Found after shaking 30 min...... 20.4
Found after shaking 60 min...... 20.4

Found, not shaken, 15 min
Found, not shaken, 60 min
Found, shaken 30 minutes,.......

20.3}_Mixed and let stand at

20.3 room temperature

20.5 Volume 200 cc. instead of
100 cc. Some MoOj3 pre-
cipitated

Used 100 cc. Mo instead
of 30

Time shaken has little effect; standing without
shaking gives same results as if shaken. Increased
volume, increased molybdate, or decreased HNO;,
cause separation of MoOj, same as if heating method
were used.

21. Prevention of Separation of MoO; from Molybdate
Solution on Healing

On account of the difficulty caused by separation of
molybdic acid from the molybdate solution used in
determining P»,O; the following experiments were
made with the hope of finding some feasible means of
overcoming this defect in the method. So far nothing
of the sort has been found, and these results are given
to show what has been done, more for the guidance
of any one who wishes to continue the investigation,
than for the assistance of one who uses this method.
Apparently the only way to avoid trouble from MoO;
precipitated with ammonium phosphomolybdate is
to avoid the conditions which cause it. These are
discussed under headings a, b, ¢, etc.

a. Separation of MoOs from Solution by Healing with
HNO;

Solution contained MoO; about same as for ordinary
determination, 1.65 grams (NH;);MoOs in 100 cc.,
and varying NH;NO; and HNO;, heated at 65° C.
In absence of free HNO; no separation of MoO;
was caused by NH;NO; from o to 15 per cent. When
HNO; was added up to 1 per cent no MoO; was sep-
arated. From 2 to 10 per cent cause rapid separation
of MoO; at 65°, most rapid with about 5 per cent HNO;.
Above 10 per cent HNO; causes solubility of MoOs,
and 16 per cent prevents separation entirely. With
HNO;, but NH{NO; absent, separation of MoO; was
very slight. With 15 per cent NH;NO;, 7 per cent
HNO; and 3 per cent (NH;).SO; there was no cloud
after 2 hours’ heating. This indicates that high results
due to SO, are not because it tends to precipitate
MoO; as had been supposed. Copper sulfate acted
in the same way. FeCl;, 2 per cent, delayed separation
of MoO; for 45 minutes. MgCls, 10 per cent, and
NH,CI, 10 per cent, had very little effect. ;

b. Effect of Ammonium Oxalate
TABLE XV

Found, shaken 30 minutes........

Mg. P:0;5 found
20.8 = correct amount

Time heated
15 min. without oxalate.........c......

15 min. with 0.1 per cent oxalate....... 20.7
30 min. with 0.1 per cent oxalate....... 20.9
60 min. with 0.1 per cent oxalate....... 21.0
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The oxalate has a solvent effect on yellow precipitate,
also on MoOjs, hence, results are lower in its presence
and the high results usually obtained after long heating
are not so high in its presence. But as oxalic acid is a
solvent for both MoO; and the yellow precipitate,
the result is not reliable for it is due merely to a lower-
ing of the amount of MoO; which would be separated
by long heating. The effect of long heating is to pre-
cipitate MoOs. This is partly balanced by the solvent
effect of the oxalate and correctness of result is purely
accidental.

¢. Effect of Organic Maitter
TaBLE XVI—20.1 MG. P:0s PRESENT

Mg. P:0s Mg. P:0s
Reagent found Reagent found
10 per cent alcohol. . .. .. 20.6 S per cent cane sugar,... 20.0
10 drops anilin.,........ 20.1 - Glycerine, 4 per cent.... 19.6
2 per cent anilin.,....... 19.6 Glycerine, 8 per cent.... 19.5
10 per cent cane sugar... 19.9 Glycerine, 16 per cent... 15.4

Anilin causes reduction of molybdate solution, pro-
duces a blue color and interferes seriously. Sugar
hinders separation of MoOj;, also of yellow precipitate;
hence, low results when much is used. Glycerine acts
like sugar.

d. MoO; Precipitated by Heating Molybdate Reagent

Same solutions used as for regular P;0; determina-
tion. 30 cc. molybdate and 15 grams NH;NO; to
100 cc. total volume; heated at 65°, various time,
filtered and titrated as usual, the MoO; being calculated
as so much P,0s.

TaABLE XVII
P:05 equivalent of
Time heated precipitate
1S min Ve e e s 0.0000
30;min; gave i S e 0.0008
60 mincgave Tt Uit A e 0.0046
120 min i gaye o o e e 0.0140

This indicates that heating 15 minutes at 65° will
not cause much error due to precipitated MoO;.

In another set of experiments solutions of same com-
position as above stated, were heated, one set 15 min-
utes, another set 6o minutes, filtered, washed and
MoO; determined by three methods, titration with
KOH; titration with KMnOy, after reduction by Zn;
and by drying and weighing. The amount separated
by 15 minutes’ heating was so small that duplicates
did not agree well, but for 6o minutes’ heating, results
were fair.

TasLE XVIII
Time heated
 rn TRy ————
15 min. 60 min.
Mg. MoO; found by titration with KOH... 6.6 88.8
Mg. MoO; found by titration with KMnOy. 8.2 89.0
Mg. MoOs found by weight of precipitate.., 4.2 93.7

Apparently the precipitate contains something else
than MoO; as indicated by the higher result by weight
after 60 minutes’ heating. This may be (NHj):MoOy
or H.MoO;, etc.

e. Solvents for MoO; and Yellow Precipilate

MoO; obtained by heating regular molybdate re-
agent on steam bath till most of the molybdic acid
was precipitated: strength of reagents 1o per cent,
unless otherwise stated. Cold H.SO,, citric acid,
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HCl and H.0,, HClI and KMnOs, HCl and
(NH,)2(S04). give very slight effect. Warmed HCI or
HNO; dissolved precipitates readily. Oxalic acid
and ammonium oxalate dissolve precipitates readily.
Na,SO; decomposes, and reduces molybdenum. In
general, both are acted on about alike, but yellow pre-
cipitate is somewhat more soluble than MoOj.
f. Prevention of Separation of MoO; on Healing Regular
Molybdate Reagent Solution

Borax, sodium acetate, acetic acid, tartaric acid,
alcohol, ether, toluol, phenol, CCly, no effect. H,0,,
KMnO,, CrOj, iodin, 4 per cent glycerine, 10 per cent
cane sugar, prevent separation of MoO;.
22. Effort to Improve End Point

One weakness of the volumetric method is the lack
of sharpness of the end point in the final titration.
This is due to (a¢) phosphoric and molybdic acids
being polybasic, and to their tendency to form two
or more salts with the same base at the same time;
and (b) the solution contains NHj; for which phenol-
phthalein is not the best indicator. The latter is not
of enough importance to merit much attention as am-
monia may fairly well be titrated with this indicator
provided it is dilute and cool as shown by Thomson
(G 15). However, ammonia may be removed by boiling
with excess of the standard fixed alkali, before titrating
back with standard acid. This is the basis of Neu-
mann’s variation of the method (G 14).

b. The difficulty with polybasic phosphoric acid is
avoided by removing it by means of neutral BaCl,,
thus leaving HCl in the solution for final titration.
It was hoped that a similar plan could be followed with
molybdic acid, but this did not succeed, although
molybdic acid is precipitated by BaCl,. After addition
of BaCl,, the end point was no sharper, in fact, was
obscured by the large amount of white precipitate
formed in the solution. Lead nitrate precipitates
both phosphoric and molybdic acids. This was fol-
lowed by excess of sodium sulfate to remove Pb.
After this the end point was still less distinct, in pres-
ence of the large amount of white precipitates. Further
efforts included, at various times, addition of sugar,
glycerine, alcohol, ether, none of which was of any
assistance. Among other indicators tried, rosolic
acid was the only one at all suitable and it is not as
good as phenolphthalein.

HC,

23. Determination of Phosphoric Acid Equivalent of
the Standard Alkali Used in the Volu-
metric Method

One essential to the success of the volumetric method
is that the strength of the standard alkali be accurately
known in terms of P;0;. In theory this may be satis-
factorily done by calculation from the equation (NHj);-
PO4(I\/1003)|2 + 23KOH = (NH4)2HPO4 + IIKQI\'IOO.|
+ 11H.O + NH;KMoO;. But as this equation and
the exact composition of the yellow precipitate are
matters of theory upon which all authorities do not
agree, it seems best to depend on setting a standard by
analysis of a compound of known P,0s content. Many
such have been proposed, and none of them are really
satisfactory. The water-soluble crystalline phosphates
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contain water of crystallization, the amount of which
is usually uncertain; hence their unreliability. Most.
of the insoluble phosphates are very difficult to prepare
in a pure state, as they cannot be purified by recrystal-
lization, and many of them are partly hydrolyzed by
washing with water, so that their exact composition
is not certain. My efforts to prepare BaHPO;,
CaHPO,;, PbHPOs, BiPO;, etc.,.did not succeed in
making salts of constant composition. Silver phos-
phate was used as basis of atomic weight determina-
tions by Baxter and Jones (G 32) and was prepared
by them of perfectly definite composition. Dumas
used it as a basis for standardizing the gravimetric
method of P.O; determination (G 31). In my ex-
perience the chief trouble with it is to prepare it in a
pure state. This requires conditions which the ordi-
nary laboratory does not possess, ¢. g., a dark room and
an abundance of sufficiently pure water. It is difficult
to dry without reduction of the silver, but this does
not seem to make much difference in the ratio of Ag
to POs. I made several preparations of Ag;PO,.
One was analyzed with the following results: Ag
weighed as AgCl, P weighed as Mg,P,0;.

Theory for
Found AgiPOs
AR e T T e At 83.04 83.06 83.03
O S G A T 16.96 17.01 16.97

This sample was used to set the strength of the
standard alkali, NaOH.

Besides this, many comparisons of results by both
gravimetric and volumetric methods on (fertilizers,
etc., have been made, and accuracy of the volumetric
method thus established. For the purpose of this.
study a solution of 3 grams sodium phosphate in one
liter of water was used. The phosphate was not
recrystallized and had lost some of its water of crystal-
lization, so that the P»Oj in it was not always the same
in the numerous solutions that were used during the
more than two years of investigation. In one of
these solutions was found:

Mg. P:0s
By gravimetric method using 50 cc.........vuus. 40.7
By gravimetric method using 50 cC.....oovun..n 40.7
By volumetric method using 25 ¢C..uvevevnn.. 20.3 }_ 40.7
By volumetric method using 25 ¢cC............. 20.4

Assuming the formula of the yellow precipitate to.
be (NHy);P0Os(MoO;);, it would contain 3.78 per cent
P,0;. The precipitate is easily dried and weighed,
and using this factor P,0s is found thus gravimetrically.
Many have used this method successfully. My work
with it has been little, but indicates that it is about
as reliable as the volumetric method and in general
subject to the same sources of error, the chief of which
is due to contamination with molybdic acid. A few

results are given.
TasLE XIX

P:05 found by multiplying weight of yellow precipitate by 0.0378.
Mg. P20; in solution used, 21.1

Time heated in

precipitating Mg. yellow Mg.
at 65° C. precipitate P:0s
15 min. 565.5 X 0.0378 =21.4
566.5 =214
60 min. 585.4 =22.1
587.9 =222
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The last illustrates the effect of long heating to
precipitate MoO;.

24. Methods of Making Solutions of Phosphates

The following methods of making the solution are
used:

a. Dissolve in water.

b. Dissolve in HCl, HNO; or both.

¢. If organic matter is present it may be removed
by ignition either alone or with MgO or MgNO; or
both, then dissolved in acid; or by wet combustion as
in the Kjeldahl method for nitrogen; or sometimes by
boiling with HNOs.

Ignition with Magnesia—This method is applicable
to almost any organic material and the solution thus
prepared is suitable for analysis by either the gravi-
metric or volumetric methods. It is the method mostly
used in this laboratory. In a platinum or porcelain
dish of 20-30 cc. capacity, place a layer of MgO,
2—3 mm. thick. On this place the sample, 2 grams
mixed with an equal bulk of MgO. Cover the whole
with a little MgO. If the substance is a liquid it may
be mixed with MgO, and dried before ignition. Place
in the muffle furnace, which should be cold. The
muffle will heat so gradually that there is no danger
of loss of the substance. It should finally be heated
to bright red. If necessary to use a flame for the ig-
nition, start with a very small flame and in course of
15—30 minutes increase to bright red. After cooling,
wash contents of the dish into a flask (200, 250, or
500 cc. capacity) with water, add 20-30 cc. HCI and
heat to boiling a few minutes. Be sure that there is
an excess of acid present. When all is dissolved that
is soluble, remove flask from the heat and at once add
solution of BaCl, sufficient to throw down all soluble
sulfates. Cool, fill to mark, mix. The solution may
be filtered, or the flask allowed to stand a few hours,
when the clear solution may be pipetted out, without
filtering, for the analysis.

I have used this method for five years and found it
very satisfactory. A similar plan was recently pro-
posed (G 38). Although I have not experimented
much on this: point, my work indicates that some
phosphorus may be lost from volatile organic substances
containing it when ignited with magnesia. Presence
of Mg(NO;). guards against this loss. About 5 cc.
of the official solution is mixed with the sample in a
platinum dish, then some MgO added, the whole dried,
then ignited as above. The MgO prevents loss of
substance by deflagration which occurs when organic
matter is ignited with Mg(NQO;). in absence of added
MgO. Avoid excess of Mg as it tends to cause low
results (see Table VI).

25. Use of HCl or H,SOs, etc., instecad of HNO; for
Acidifying Ammonium Molybdate Solution

To 30 cc. neutral ammonium molybdate, of same
strength as wused for regular P,0; determination,
added 1o grams NH;Cl, 2 cc. HCl and water to make
total volume roo cc. After a few minutes a flocculent
precipitate formed and dissolved on heating at 65° C.;
after 1o minutes precipitate formed again and would
not dissolve by boiling. Dissolved in excess of NH;
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acidified with HCI it formed a clear solution which grad-
ually became cloudy on standing at 65°, by separation
of MoO; much the same as if the usual molybdate
solution made up with nitrates instead of chlorides,
When the experiment was repeated, but
using 4 cc. HCI instead of 2 cc. as at first, the pre-
cipitate did not form so soon, but otherwise acted about
the same. Hence, it is inferred that HCI and its
salts do not serve well instead of HNO; and its salts
to make the molybdate solution for determination of
P20, although MoO; does not separate as quickly
from this solution as from the nitrate solution.

When this chloride solution of MoO; was used to
determine P,Os the usual yellow precipitate was formed,
but not so well as if the nitrate solution were used.
Substituting H»SO; and (NH,).SO4 in the molybdate
solution instead of nitrate gave similar effects, but
better than with chlorides. When acetic acid was
used there was no precipitate formed, hence, it is
unable to take the place of nitric acid. A certain
amount of free acid is necessary to cause formation of
the yellow precipitate. In these experiments it was
observed that a larger volume of HNO; than H,SO,
is needed, and more HCIl than HNOj, which is to be
expected, considering the relative amount of acid in
a given volume of each.

TaBLE XX—Moc. P20s Founp BY Usg oF HCI, HsSOi, C:HsOOH INSTEAD
oF HNOs IN MOLYBDATE SOLUTION

Ce. acid HCl H2S04 Acetic acid

) o e e 13.5 22.1 No precipitate
2 R 6.0 21.8

4 SR e e 21157, 21.6

P:0s5 present. 21.0 21.0

26. Composition of the Yellow Precipitate

Many investigators have analyzed ammonium phos-
phomolybdate, and with somewhat various results,
though it is ordinarily accepted that its formula is
(NH)3;P0Os(Mo0Os)12. My work indicates that the
most probable cause of variable results is the contam-
ination of the yellow precipitate with MoO; or other
compounds of molybdenum, most frequently caused
by too high temperature of too long heating at mod- -
erate temperature. When the precipitate, formed in a
not too concenfrated solution at high temperature, is

.examined by the microscope it is found to contain

two very distinct kinds of crystals, the yellow rhombo-
hedrons of ammonium phosphomolybdate often united
into beautiful stars, and long, slender, colorless needles
of molybdic acid. A number of different preparations
of the yellow precipitate made under conditions known
to favor separation of MoO; were found by the micro-
scope to contain crystals of MoO; while if these con-
ditions were avoided the MoO; could not be seen.
All my efforts to separate the two compounds after
they are formed together were unsuccessful, as indi-
cated in 21. My theory is that the yellow precipitate
is as definite in composition as BaSO; or AgCl, even
though formed under very different conditions of
precipitation. This was stated by Hundeshagen in
1888.1 The following experiments are given to sup-
port this theory. The fact that avoidance of conditions
known to cause separation of MoO; in actual analytical
1Z. anal. Chem., 28, 141,
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work leads to correct results, while the oppositeisnearly
sure to cause incorrect results, is also in support of
this theory.

A quantity of yellow precipitate was made, well
washed and dried at 120° C. Portions of this were
dissolved and reprecipitated under various conditions
as given below, filtered, washed and dried as before.
From these, and also from the original, portions of
0.5 gram were weighed out and titrated with KOH as
if for a regular determination. Uniformity of the
results, as shown by constant acidity, indicates that
the precipitate is of definite and constant composition
even though formed under quite varied conditions.

TABLE XXI

KOH used
Conditions of reprecipitation Ce.
IS s e e e S S S0 o B R 18.6
B0 min S At 68 e Lt T s 18.6
15 min, at 65° and 3 per cent (NH¢)2S04......... 18.5
15 min. at 65° and 10 per cent MgCla............ 18.5
15 min. at 65° and 1 percent FeCls. .. .......... 18.5
S L B e A T o A O S T A O iy 18.7
Original preparation v ol ias (e 18.6
Original preparation it e R s i 18.6

The reprecipitation was effected by HNO;, no more
MoO; being added, hence the MoO; usually separated
by adverse conditions, from the usual excess present,
did not appear, but in each case precipitation was
incomplete as shown by formation of more yellow
precipitate on addition of molybdate solution to the
filtrate. (This illustrates the need of an excess of
Mo in order to secure complete separation of Ps0Os.)

F. SUMMARY

Working details of the Pemberton-Kilgore method
for determination of phosphoric acid are given.

Great rapidity and fair accuracy of the method are
shown.

A satisfactory method of preparing asbestos for
filtration is given. In the detailed study of conditions
affecting the method it is shown that:

High temperature causes high results; too low
temperature causes low results: but in both cases
this is much modified by time. Below about 40° C.,
temperature has not much effect, regardless of time:
higher temperature than this is desirable in order to
secure a desirable quality of precipitate. The longer
the precipitate is heated and the higher the tempera-
ture the higher the result: 15 minutes at 65° gives
best results (E r and 2).

In too concentrated solution precipitate is finely
divided and difficult to filter. In too dilute solution
separation is incomplete in reasonable time. A suit-
able concentration is 20 mg. P.0Os in 100 cc. (E 3).

Too little molybdate solution gives low results; too
much tends to high results, due to its tendency to
separate MoO; on heating (E 4).

Nitric acid is necessary to the reaction but too much
causes solubility of precipitate (E 3).

This is counteracted by ammonium nitrate which
tends: to precipitate MoO; (E 6). Hence, HNO;
and NH;NO; should be properly proportioned as shown
in E 9. Volume, P;0s, and molybdate solution must
also be considered here.

Chlorides, in general, cause solubility of yellow pre-
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cipitate and low results, partially avoided by use of
NH.NO; (E r0). :

Nitrates in general cause high results, by causing
separation of MoO; (E r1).

Sulfates cause high results (E r2), remedied by
reprecipitation (E 18).

Soluble silica in small amount is negligible; in larger
amount, causes high results (E r5), avoided by re-
precipitation (E 18).

Iron tends to cause low results, remedied by larger
excess of molybdate solution (E 16).

Oxidizing agents as such have no specific effect
(E 17).

When the yellow precipitate is contaminated from
any cause, it may be purified and made nearly correct
by reprecipitation (E 18).

Organic matter tends to cause low results and diffi-
culty in manipulation (E 19), hence, should be removed
by burning (E 24c¢).

Shaking in cold instead of heating to form yellow
precipitate tends to low results, is of no advantage to
avoid separation of MoQ; and is not so convenient
as the method using heat (E 20).

There is no suitable method to avoid high results
caused by MoO; separated with the yellow precipitate
except reprecipitation. It is much better to avoid its
separation in first place (E 2r).

Effort to improve end point of
(E 22).

Ag3;P 0y is a suitable substance for setting the strength
of the volumetric solution used (E 23).

A simple and convenient method of removing or-
ganic matter by ignition with MgO is explained
(E 24). ;

The idea that some other than the nitrate solution of
MoO; may be used for precipitating P,O; is found
erroneous. It was thought that separation of MoO;
would be less in some other than the nitrate solution
(E 25). :

Variable composition of the yellow precipitate as
indicated in the literature is probably due to MoOs
separated with it but not in any proper sense a part
of the yellow precipitate (E 26).
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THE COMPOSITION OF SEDIMENTS FROM THE
POTOMAC AND SHENANDOAH RIVERS
By JosgErn G. Smitn AND Wirriam H. Fry!
Received October 13, 1913

This investigation was undertaken to ascertain
whether or not the sediments from the two rivers
showed any marked chemical and mineralogical differ-
ences, with a view to using the results in the study of
soil erosion. Samples of water were collected by the
Weather Bureau in, five-gallon lots, at various times
during an interval of two years. The sediments were
allowed to settle, the water siphoned off and the resi-
dues dried. In most cases the amount of sediment
was so small that a chemical analysis was impossible.
Mineralogical examinations, however, were made of
each sample. The particles, generally, were of ex-
tremely small size; and were very much weathered
and coated with iron oxides, hydroxides, organic
matter, and possibly other material. Consequently, the
character of the larger percentage of the grains was
wholly indeterminable. ~The mineralogical analyses
represent simply that part of the material which was in
large enough particles and fresh enough for determina-
tion. This determinable matter probably never
amounted to more than ten per cent of the total
sample. It is not to be concluded that the minerals
cited in the following tables were the only ones present.
They are the more prominent ones which could be
positively identified, and it is quite probable that other
mineral species were present which defied identification.

The lithology of the two river basins seems to be
very similar as will be seen from the following résumé:

The Potomac River above Cumberland comes into
contact with sandstones, shales, limestones, etc.
From Cumberland to Harper’s Ferry it flows over
or in close proximity to sandstones, shales, limestone,
and unconsolidated sands and clays.?

The Shenandoah River above Riverton flows over
limestone-shale and sandstone-shale formations. The
headwaters rise in a sandstone-shale-limestone forma-
tion, and flow over a narrow band of sandstone-shale.
Below Riverton it flows over limestone and shale,
and touches a sandstone-shale-quartzite formation.?

DETAILED MINERALOGICAL ANALYSES (W. H. Fry, ANALYST)
SEDIMENTS FROM CUMBERLAND, Mbp. (PoTOoMAC RIVER)

No. 1. Hornblende, biotite, quartz, feldspar [labradorite(?)], ortho-
clase. The doubtful labradorite showed twin structure and the determina-
tion was made by the extinction of the twins in conjunction with the re-
fractive index. However, the particle was very small; but it is certainly
one of the plagioclase group. There were present very small fragments
of what appear to be silicious tests of spicules of some form of microscopic
animal or plant life.

No. 2. Quartz, biotite, animal or vegetal spicules, plagioclase, a doubly
refracting grain with a high index of refraction which may be zircon (the
small size of the particle prohibited its determination), hornblende(?),
small amount of magnetic particles.

No. 3. One rather large grain of what appears to be a glass. It is
isotropic with an index or refraction very near 1.54. It is probable that
this is a fragment broken from a glass vessel. Magnetic particles, quartz,
hornblende.

No. 4. Magnetic particles, muscovite, quartz, isotropic particles with
index of refraction near 1.54, plagioclase.

No. 5. Largely organic matter. The organic material masks the min-
eral constituents so as to make them indeterminable.

1Scientists in Soil Laboratory Investigations, Bureau of Soils, U. S.

Department of Agriculture,
2 Maryland Geological Survey, 3, P1. 6 (1899).
3T, 1. Watson, ‘“A Geological Map of Virginia,”” Va. Geol. Survey.
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No. 6. Quartz, some indeterminable f[erromagnesian mineral, horn-
blende, animal or vegetable tests.

No. 7. Muscovite, biotite, quartz, animal or vegetable tests, horn-
blende.

No. 21. Magnetic particles, quartz, muscovite, plagioclase, animal
or vegetable tests, biotite, microcline.

No. 29. Magnetic particles, quartz, muscovite, hornblende, biotite,
animal or vegetable tests, orthoclase.

No. 34. Quartz, hornblende, biotite.
are of very small dimensions.

No. 36. Slight amount of magnetic particles, quartz, orthoclase, horn-
blende, mica(?).

No. 39. Magnetic particles, quartz, muscovite, biotite, hornblende,
animal or vegetable tests. h

No. 41. Magnetic particles, quartz, hornblende,
clase, biotite. Very much vegetable matter present.

No. 43. Slight amount of magnetic particles, quartz, biotite, horn-
blende.

All of the particles in this sample

muscovite, ortho-

SEDIMENTS FROM RIVERTON, VA. (SHENANDOAH RIVER)

No. 14. Quartz, garnet, muscovite, biotite, orthoclase.

No. 15. Magnetic particles, quartz, biotite, orthoclase.

No. 16. Quartz, muscovite, animal or vegetable tests, biotite,

No. 20. Quartz, muscovite, biotite, plagioclase (?), garnet, hornblende.

No. 27. Quartz, plagioclase. This material is extremely fine and is
very much coagulated.

No. 31. Slight amount of magnetic particles, quartz, biotite, orthoclase,
hornblende.

No, 32. Isotropic particles with index of refraction about 1.54, probably
glass, quartz, orthoclase, biotite, hornblende.

No. 37. Quartz, calcite. This material is extremely fine.

No. 38. Quartz, hornblende, mica(?). Material is very fine.

SEDIMENTS FROM HARPER'S FERRY (PoTOMAC RIVER)

No. 8. Quartz, biotite, muscovite, labradorite, orthoclase, few vege-
table or animal tests, chlorite(?).

No. 9. Quartz, hornblende, biotite, plagioclase, muscovite.

+ No. 10. Quartz, muscovite, particles deeply coated and impregnated

with some coloring matter, probably iron oxides.

No. 11. Magnetic particles, quartz, hornblende, muscovite, animal
or vegetable spicules, biotite, plagioclase.

No. 12. Magnetic particles, quartz, zircon, hornblende, calcite plenti-
ful, tourmaline, biotite, orthoclase, muscovite.

No. 13. Magnetic particles, quartz, very much altered biotite, plagio-
clase, hornblende, muscovite.

No. 18. Magnetic particles, quartz, muscovite, garnet, biotite, ortho-
clase.

No. 19. Magnetic particles, quartz, biotite, garnet, hornblende,
plagioclase, orthoclase.
No. 22. Magnetic particles, quartz, biotite, muscovite, microcline,

plagioclase, orthoclase, hornblende. A fair amount of this material con-
sists of grains of about the dimension of very fine sands, thus differing from
the usual silty or clayey character of the sediments. These large grains
are mainly quartz.

No. 23. Very small amount of magnetic particles, quartz, biotite,
small amount of animal or vegetable tests, labradorite, some ferromagnesian
mineral, muscovite, orthoclase. Practically all the particles are very small.

No. 24. Quartz, animal or vegetable tests, microcline, labradorite,
biotite, muscovite, orthoclase, hornblende, calcite.

No. 25. Small amount of magnetic particles,
biotite, muscovite, hornblende, orthoclase.

No. 26. Magnetic particles, quartz, muscovite, tourmaline, orthoclase,
plagioclase, biotite, hornblende.

No. 28. Quartz, biotite, animal or vegetable tests, rutile, garnet,
muscovite, hornblende.

No. 30. Very slight amount of magnetic particles, quartz, biotite,
orthoclase, plagioclase, rutile, microcline, muscovite, shell fragments which
effervesce with hydrochloric acid.

No. 33. Very slight amount of magnetic particles, quartz, muscovite,
hornblende, biotite.

No. 35. Very slight amount of magnetic particles, quartz, hornblende,
biotite, orthoclase, plagioclase(?), muscovite.

No. 40. Quartz, orthoclase, biotite, hornblende, muscovite, plagioclase.

No. 42, Magnetic particles, quartz, microcline, biotite, muscovite,
calcite, plagioclase.

No. 44. Magnetic particles, quartz, labradorite, biotite, muscovite,
ox:thoclusc.

quartz, plagioclase,

No. 45. Small amount of magnetic particles, quartz, muscovite,
biotite, hornblende.
No. 46. Small amount of magnetic particles, quartz, hornblende,

some mineral which appears to be an amphibole other than hornblende,
muscovite, biotite.

No. 47. Magnetic particles, quartz, hornblende, muscovite, plagioclase,
biotite.

No. 48. Quartz, muscovite, biotite(?), calcite(?).

No. 49. Quartz, hornblende. Particles extremely fine.
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TaBLE I—SUMMARY OF THE MINERALS FOUND IN THE SEDIMENTS FROM
THE DIFFERENT STATIONS

CUMBERLAND RIVERTON HARPER'S FERRY
Hornblende Hornblende Hornblende
Biotite Biotite Biotite

Quartz Quartz Quartz
Orthoclase Orthoclase Orthoclase
Plagioclase Plagioclase Plagioclase
Magnetite Magnetite Magnetite
Muscovite Muscovite Muscovite
Labradorite(?) s staee Labradorite
Zircon () #mEe s iiNs g (o s e S Zircon
Microcline e Ssn s St Microcline
Hemicimineral () s =es st Femic mineral(?)
.......... Garnet Garnet
.......... Calcite Calcite
.................... Tourmaline
.................... Rutile
.................... Chlorite(?)

As can be seen from Table I, the sediments from
Riverton ‘do not show the presence of microcline,
the doubtful femic mineral, labradorite, and: zircon,
which are present in the sediments from Cumberland,
while the Riverton sediments contain garnet and cal-
cite in addition to the minerals found in the Cumber-
land sediments. The sediments from Harper’s Ferry,
where the two rivers join, contain all of the minerals
found in the sediments from the other two stations,
and tourmaline, rutile, and doubtful chlorite in addi-
tion. However, it should be remembered that only
a relatively small proportion of the minerals were
determinable and that the composition of the inde-
terminable material, were it known, might or might
not considerably modify this table.

TABLE II—CHEMICAL ANALYSES OF SEDIMENTS FROM CUMBERLAND
C. F. Miller, Analyst

No. Si0O:2 Al:O; 4 Fe:0;3 CaO MgO P20s Na:0 K20
1 52.03 27.78 0.65 1.70 0.30 1.92 3.28
6 48.97 24.88 1515 1.16 0.40 1.41 2.36

34 55.23 25.50 1.07 1.37 0.24 0.67 2.91

TaBLE III—CHEMICAL ANALYSES OF SEDIMENTS FROM RIVERTON
R. F. Gardiner, Analyst

No. Si0z Al:O:; + Fe:03 CaO MgO P:0s Na:0 K20
14 63.00 22.56 0.48 0.90 0.52 0.72 1.36
27 67.07 21.06 0.46 1.12 0.34 0.90 2.42
38 50.51 27.34 0.63 1.27 0.63

TaBLE IV—CHEMICAL ANALYSES OF SEDIMENTS FROM HARPER'S FERRY
Average of Duplicate Analyses by R. F. Gardiner and C. F. Miller

No. SiOz2 ALO; + Fe:03 CaO MgO P205 Na:0 K:0
12 58.91 22.70 1.33 0.94 0.43 0.76 1.93
22 67.05 18.05 0.50 0.91 0.46 Tarats
23 63.33 20.95 0.71 1.00 0.30 1.70 2.18
28 64.73 20.54 0.86 1.07 0.28 0.78 2,26
35 62.53 21.08 1.12 1523 0.29 0.48 2.05
48 3573 25.00 1.07 1.44 0.31 0.90 2.16

The soda and potash determinations were made by
the J. Lawrence Smith method, the others by fusion
with sodium carbonate. Samples 22 from Harper’s
Ferry and 38 from Riverton were so small that only
a partial analysis could be reliably made.

The analyses do not, show any definite relation be-
tween chemical composition and the amount of sedi-
ment carried in the streams when the samples of water
were taken. This was to be expected, since unequal
rainfall over the varying geological formations of these
large river basins would carry into the streams material
of varying composition.

The results are in harmony with the well-known
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fact that the finer particles of soils such as would be
carried by stream waters are high in potash, phos-
phoric acid, lime, organic matter, etc.

BUREAU OF SoOILS
U. S. DErT. AGRIC., WASHINGTON

ESTIMATION OF THE LIME REQUIREMENT OF SOILS!
By J. A. BizzeLr aNp T. L. LyoN

Several methods have been proposed for the esti-
mation of soil acidity, but none is entirely satisfactory.
The difficulty is that the true nature of the acidity
is not understood. The problem is further compli-
cated by the fact that lime may be beneficial to a
soil in other ways than by simply correcting an acid
condition. The nearest approach to a quantitative
determination of the lime requirement of a soil, there-
fore, would seem to be an estimation of the total
absorptive power of that soil for lime. This is the
principle upon which the well-known method proposed
by Veitch? is based. The most serious objection to
this method from the analyst’s standpoint is the
large number of determinations which must frequently
be made before the alkaline point is reached. The
writers have also frequently found it difficult and some-
times almost impossible to determine the saturation
point. This is true particularly of soils containing
a large quantity of organic matter yielding highly
colored extracts, and of those containing a large per-
centage of clay. Many clay soils will not settle suffi-
ciently, even after very long standing, and the clay parti-
cles in such cases are so fine as to defy filtration by
the ordinary methods.

With a view to overcoming these difficulties the
writers have examined a method described by R.

Albert® and propose certain modifications which seem

to render it suitable for estimating the lime requirement
of soils. .

In brief, the method as proposed by Albert is as
follows: To 25 grams of air-dried soil add 200 cc.
boiled distilled water, so cc. of a standard solution
of barium hydroxide, and 5 grams solid ammonium
chloride. Distil the mixture, collecting the am-
monia formed in tenth-normal acid. The amount of
ammonia found in the distillate is assumed to be
proportional to the free barium hydroxide not required
to saturate the soil. Barium hydroxide was found

TABLE I—LiMe REQUIREMENT CALCULATED AS CAO. PARTS PER MILLION

Dry Sorin

Veitch Albert Veitch Albert

Lab. No. method method Lab. No. method method
2333 1500 930 2626 0 0
2619 1100 67 3749 900 0
2620 1100 24 3750 0 0
2621 700 0 3751 0 0
2622 0 0 3752 900 134
2623 1100 156 3753 1400 560
2624 1000 201 3754 1000 0
2625 900 0 3755 500 0

preferable to calcium hydroxide, since the latter seems
to form with the soil certain easily decomposed com-
pounds which effect decomposition of ammonium
chloride.

1 Paper presented at the 48th meeting of the A. C. S., Rochester,
September 8-12, 1913.

2J. Am. Chem. Soc., 24, 1120.

3 Z. angew. Chem., 1, 533.
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This method was compared with the Veitch method
on a number of samples of soil and subsoil of the Dun-
kirk clay loam type, obtained from the experiment
The results are given in Table I.

The results by the two methods were widely differ-
ent, and in view of the field results obtained by the
use of lime on this soil, indicated that the figures
obtained by the Albert method were much too low.
This discrepancy appears to be due chiefly to two
factors which apparently were not recognized by the
author.

In the first place solid ammonium chloride under-
goes slight decomposition when boiled with water,
and appreciable quantities of ammonia are given
off. When boiled with some soils ammonium chloride
gives up enough ammonia to very materially affect
the results, rendering the figures for acidity much too
low. The amount of ammonia given off was different
for each soil. Twenty-five samples were examined
and the ammonia formed expressed in equivalent
of tenth-normal acid varied from o.4 cc. to 5.6 cc.
It becomes necessary, therefore, to determine this
factor for each soil and to make a correction accord-
ingly.

The second error consists in assuming that the
absorption of barium hydroxide is immediate. This
assumption was found to be incorrect. It was found
that fixation of barium hydroxide by a soil was com-
plete when the mixture was heated in a water bath
for one hour at the temperature of boiling water.

The effect of this treatment is shown in the follow-
ing table:

TabLE II—BARriuM HYDROXIDE ABSORBED EXPRESSED AS LiMe (CAO).
PArTs PER MiILLION DRrY Sorr

Absorbed Absorbed
during during
one-hour one-hour
Absorbed standing Absorbed standing
immedi- in boiling immedi- in boiling
Lab. No. ately water Lab. No. ately water
2619 425 963 3749 313 694
2620 425 940 3752 515 1209
2623 403 1187 3754 268 985
2624 425 896 3755 224 761

The higher figures obtained by the longer contact
of the barium hydroxide and soil might be ascribed
to the removal of the base from solution by the carbon
dioxide of the air, in which case the longer exposure
would introduce an error. To test this point 30 cc.
of the standard barium hydroxide solution and 30
cc. of water were placed in a 500 cc. Kjeldahl flask.
The unstoppered flask was then placed in a water
bath maintained at the boiling temperature and allowed
to remain one hour. The flask was then removed,
150 cc. water and 5 grams solid ammonium chloride
added, and the mixture distilled in the ordinary Kjel-
dahl apparatus with the following results:

Ammonia expressed
in equivalent

of N/10 acid
e
50 cc. barium hydroxide + 5 grams ammonium chloride. . .. 51.4
5 grams ammonium chloride.............. .. ... . ... 1.6
49.8

Formed by barium hydroxide.......c.cvvnuniuncinceonnss

As direct titration of 50 cc. barium hydroxide un-
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exposed required 3o cc. of the tenth-normal acid, it
is evident that the one-hour exposure does not intro-
duce an appreciable error.
In view of the foregoing results, the writers pro-
pose the following modification of the Albert method:
The air-dried soil is prepared according to the method
of the Association of Official Agricultural Chemists.!
Place 23 grams of the soil in a Jena Kjeldahl flask.
Cover with 50 cc. boiled distilled ‘water and add so0
cc. tenth-normal hydroxide solution. Digest in a
briskly boiling water bath for one hour with occasional
shaking. Remove from the water bath, add 150 cc.
distilled water and 5 grams solid ammonium chloride.
Connect the flask with a nitrogen distillation apparatus,
and distil. Collect the distillate (150 cc.) in tenth-
normal acid and titrate, using methyl orange as indi-
cator. The strength of the barium hydroxide is de-
termined by titrating directly 5o cc. of the solution,
using methyl orange as indicator. The difference
between the two titrations, therefore, represents the
amount of barium hydroxide absorbed by the soil.
The soil has a slight decomposition effect on the
ammonium chloride. It is necessary to correct for
this in each case by distillation of 25 grams of soil
with 5 grams ammonium chloride, omitting the barium
hydroxide solution. The ordinary Kjeldahl apparatus
may be used, but care must be taken that stoppers
and connections are free from alkali, which may have
been left from previous use in the ordinary Kjeldahl
distillations. :
This method has been compared with the Veitch
method on several samples of different types of soil
and the results are given in the following table:

TaBLE III—LiME REQUIREMENT CALCULATED AS CAO. PARTS PER
MirLioN Dry Soin

Modified
Lab. No. Description of soil Veitch Albert
2619 Dunkirkclay loam.. ... ... . i 0ot 1100 963
2620  Dunkirk clay loam..........oo i . .. 1100 940
2621 =D unkirk clavloamies e e 700 694
26231 Dinkirkiclay:loam @i e S oRiE il 1100 1187
2624 Dunkirk clay loam.................... 1000 896
2625 % Dunkirk-clayiloam i s o e i i as 900 694
3749 Dunkirk clay loam. .. s doiiion Jiol oL 900 694
3752 Dunkirk clay loam,..coooci i iy o, 900 1290
3754 e Dunkirk clayiloam s oy s e 1000 985
3755 5= Dunkirk clay: loam s s e e 500 761
15405 5 Volusia loam ey ot e s vty e e et 1912 1836
154075 Volusia loam ¥ i e o i e 1434 1321
15409 Volusia}loam sa s s S E aiamoim i 1434 1749
13413 = Volusiatloam s e e e 1434 1344
15425 -Volusia’silt loam St o o i e e 1912 2531
15427 7 Volusia'silt loam i oiaii i i, 2390 2620
15430 " Volusiasilt loam . iiee i iio  iisuins, 1673 2307
154327 Volusia silt loam ool T s O ERit 2629 2352
15443 Dunkirk clay loam........ R e 1673 1768
15445 Dunkirk clay loam....... ... 0000 ... 717 1232
15449 Dunkirk clayloam......c.iinvniasuann 1195 1456
1315155 Volusiaisiltiloamittiaase o i e i 1195 1344

The results obtained by the new method agree very
well with those obtained by the Veitch method, and
since there is no apparent method of standardizing
either, it may be assumed to be just as correct.

The new method possesses the great advantage of
rapidity, and if the details are carefully observed, it
is very easy to obtain concordant results.

N. Y. StatE COLLEGE OF AGRICULTURE
CORNELL UNIVERSITY, ITHACA

1 U. S, Dept, of Agric., Bureau of Chemistry, Bull. 107, 14.
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AN INTERESTING SOIL WATER QUESTION IN BRITISH
GUIANA
By MAURICE BIrD!
Received September 15, 1913

Some years ago, Harrison? first called attention to
the markedly alkaline condition of the soil water
underlying the sugar estates fringing the coast of
British Guiana, and its pernicious effect upon the
growth of the sugar cane; and since this interesting
problem is one to be very appropriately recorded in
the pages of THIS JoURNAL, the writer has prepared
the following brief account of it.

The appended analyses are typical of the sugar
soils of . British Guiana, and indicate their wonderful
fertility from a standpoint of plant food. The yield
and quality, however, of the cane grown upon them
is very often disappointing, and this is due to the
fact that, many of these lands lying below sea level,
deep and thorough drainage is well nigh impracticable,
with the results that as the soil slowly and continuously
decomposes, the surrounding and underlying water
becomes charged with alkaline mineral matter, the
product of this decomposition, and this alkaline
material entering through the roots, acts in a very
deleterious manner upon the juice of the cane.

Soil Soil Soil from Pln.
from Pln. from Pln. Hampton
Albion, Friends, Court,
Berbice Berbice Essequibo
(Coastal (River (Coastal
estate) estate) estate)
Water and volatile matter...... 18.050 19.660 14.503
Insoluble matter.............. 66.250 65.609 66.915
Iron and aluminum oxides...... 13.780 14.503 17.496
Lime S oS et s e S 0.345 0.134 0.316
Maguesia s 5o barslels 0.629 0.431 0.504
Potash i A e e 0.458 0.495 0.501
S e e A A st 0.148 0,110 0.112
Phosphoric acid............... 0.248 0.256 0.224
Nitrogen S siai o (R 0.172 0.351 0.196

Nore—Though weighed as ferric oxide some of the iron in these soils
is in the ferrous form.

The excess of magnesia over lime in the above is
very noticeable, and this appears to be the case through-
out in the alluvial soils of the colony.

Coming now to the soil waters, the writer examined
a great many under varying conditions of rainfall
etc.,, finding the alkali, as determined by titrating
with decinormal sulfuric acid, to range from a trace to
480 parts per million of water, when calculated as
sodium carbonate; while the total mineral matter,
determined by evaporation of the water rose to over
one per cent of the water. This saline material enter-
ing the roots of the growing cane was found to produce
from three to five times the quantity of ash in the
juice that is found in the juice of cane grown on well
drained soils. This ash, or mineral matter, of the
juice concentrating in the molasses from the process
of the sugar factory was found (as so lucidly described
by Geerligs)® to form uncrystallizable compounds
with the sucrose, whereby much sugar is lost. In
order to break up these compounds and render the
sugar available it becomes necessary to employ some

1 Chemist to the New Colonial Co., Ltd.
2 West Indian Bulletin, 9, I, 1-39.
3 “Cane Sugar and its Manufacture,” by H. C. Prinsen Geerligs.
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such method, as osmosis or the Steffen process, as is
in use in the beet sugar industry.

Since the soil water contains a large proportion of
magnesia, which in the cane juice exercises an es-

pecially deleterious effect in restraining the crystalli- .

zation of sugar, the experiment suggested itself to
the writer of precipitating the magnesia from the soil
water with a solution of hydrate of lime. As this
proved highly successful, large quantities of lime
(from two to three tons per acre) were applied to a
large tract of sugar lands, with the result that the
juice of the subsequently grown cane was very markedly
improved.
SUMMARY

One of the chief obstacles to profitable sugar pro-
duction in British Guiana is the highly saline character
of the soil water, to overcome which every effort
should be made to achieve deep and thorough drainage,
which can be most advantageously supplemented by
heavy applications of slaked lime to the land. Where
these remedies are not practised a large loss of sugar
in the factory can be obviated only by employing a
special process, such as either of thoseindicated
above, to separate the sugar from the abnormal quan-
tity of mineral matter present.

PLN. ALBION, BERBICE
BriTisn GUIANA

MICROORGANISMS IN COMMERCIAL LIME-SULFUR!
By C. A. PETERS AND A, W. BROOKS
Recei'vcd October 13, 1913

Manufacturers of commercial lime-sulfur have been
troubled for some time by the occasicnal thickening
of their product when stored in barrels. As far as
can be ascertained second-hand, wooden barrels of
about 5o gallons’ capacity are used in handling the
product, and of a large number of barrels filled at the
same time with the same material only an occasional
one will develop the thickened material.

The nature of the thickened product has not been
understood. In consistency it resembles a thin
ketchup. In color it is nearly white, although seeming
to be tinted red by the lime-sulfur mother liquor.
The solid matter of the mixture remains in suspension
settling but slightly if at all.

A qualitative examination, made by the writers,
of a sample of this thickened material revealed a num-
ber of things which may be listed as follows: (1)
When such lime-sulfur ketchup was filtered and
dried the residue was largely sulfur soluble in carbon
disulfid. (2) No sulfids, sulfites, or thiosulfates
were present in the washed residue. (3) When thick-
ened lime-sulfur containing the suspended material
was heated, a clear solution was obtained which was
evidently the original concentrated lime-sulfur solu-
tion. These results indicated that the precipitate
.was largely, if not entirely, sulfur. This idea was
confirmed by the approximate quantitative conversion
of the residue from portions of the thickened lime-
sulfur mixture into barium sulfate. Such residues
filtered on asbestos or paper were washed with water

! Material and funds for this work were furnished by the Bowker
Insecticide Company of Boston, Mass.
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until the filtrate was colorless and either dried about
15 hours in an electrically heated oven at 65—70°,
and weighed, or converted into barium sulfate and
weighed. The results are given in Table I. ]

TaBLe I—CONVERSION OF RESIDUAL SULFUR INTO BASO:

‘Weight of residue Sulfur calculated

on asbestos from BaSOs Difference

No. Gram ' Gram Gram
1 0.0365 0.0384 +0.0019
2, 0.0431 0.0474 -+0.0033

The amount of sulfur registered in Experiment 1,
0.0365 gram, was transferred to a beaker with he
asbestos on which it was filtered. The whole mass
was boiled 15 minutes with 50 cc. of a 1o per cent solu-
tion of caustic potash, and the sulfur oxidized by
50 cc. of ordinary 3 per cent solution of hydrogen
peroxide. The mixture was then made acidic with
hydrochloric acid, filtered through paper and washed,
a solution of barium chloride added to the filtrate,
and the precipitate of barium sulfate dried, heated,
and weighed. :

In Experiment 2, a 5 cc. portion of the thickened
lime-sulfur mixture was filtered on asbestos, the
residue was washed until the filtrate was color-
less, dried about 15 hours at 65—70° and weighed.
A duplicate portion was filtered on hardened paper,
the washed residue separated from the paper was
treated in a beaker with caustic potash, and precipi-
tated and weighed as barium sulfate, as just described.
The figures as given are multiplied by two before
insertion in the table so that they may be compared
directly with those of Experiment 1. The results
are vitiated by the occlusion of potassium salts by the
barium sulfate, and in Experiment 1, in addition,
probably, by the silica from the asbestos, but they
show an approximately quantitative conversion of
the sulfur into barium sulfate.

It seeming to be established that the precipitate
in the lime-sulfur ketchup was due to a mass of sus-
pended sulfur, ineffective attempts were made to re-
produce this characteristic ketchup substance by heat-
ing various lime-sulfur solutions until precipitation
took place. None of the concentrated mixtures
resulting resembled at all the original ketchup substance
and microscopical examination of the residues showed
masses of crystals which could have been only sulfur.

When, however, the original ketchup mixture
was examined under the microscope the first real
light was shed on the problem. The material con-
sisted of masses of long threads, and motil rods were
in abundance. The threads separated from the lime-
sulfur liquid by filtering and washing, and, viewed
in a water medium magnified 480 x, developed
in a few minutes cross striations, and in the
course of an hour or so some of the threads divided
at the crosslines. In afew hours, after further changes,
in place of the threads only spherical cells remained,
the position of some of the threads being definitely
marked on the microscope slide by a row of these
spherical bodies. This description indicates that the
solid matter in this lime-sulfur ketchup is due to micro-
organisms of a group closely allied to Beggiatoa.
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This identification was confirmed by Dr. van Suchtelen
of the Department of Microbiology.

The source of the infection by the microdrganism
is not known but the facts outlined in the first paragraph
that only one barrel out of a possible hundred de-
velops the organism and that the barrels used are
necessarily second-hand, point to the previously in-
oculated barrel as the source of the trouble.

As it appears unusual that these microérganisms
should appear in quantities in lime-sulfur concentrates
data regarding the mixture may be of interest.

Density—The densities of the ketchup mixture,
the filtrate from it and of other lime-sulfur solu-
tions were taken in an ordinary specific gravity bottle
of 25 cc. capacity, with an open capillary tube, at
room temperature which was 25° The results are
recorded in the following table:

TasLE II
B. ° from
Observed commercial
No. MATERIAIL density scale REMARKS

1 Water 0.9966 s Check

2 Lime-sulfur ketchup 1.3047 34.0

3 Lime-sulfur solution 1.2996 33.6 Filtrate from Expt. 2

4 TLime-sulfur solution 1.3020 33.7 Ketchup heated until solu-
tion resulted and loss of

. < volume made up

5 Lime-sulfur solution 1.2992 33.6 Duplicate of No. 4

6 Lime-sulfur solution 1.3214 35.3 Xetchup heated until solu-
tion resulted and loss of
volume not made up

7 Lime-sulfur solution 1.3078 34.2 Same as No. 6 except
heated with air con-
denser

8 Lime-sulfur solution 1.3072 34.2 Same as No. 6 except
heated under return

water condenser

An examination of the data in Experiments 7 and 8
shows that the original lime-sulfur solution in which
the microérganisms developed was of the maximum
density, 1.3075 (34° B.), for commercial prepara-
tions, and Experiment 3, that the filtrate from the
ketchup was of a density of 1.2996 (33.6° B.), which
is still slightly stronger than necessary for the trade.
It is further seen, Experiments 2, 7 and 8, that the
density of the clear liquid is only slightly altered
(——0.008) by the withdrawal of sulfur by the micro-
organisms. Experiment 6 as compared with 7 and 8
shows how the density of these concentrated solutions
is changed (+4o0.015) by the withdrawal of a small
amount of water—Iless than 1/,5—1/5, of the total volume
in this case.

Sulfur in Suspension.—The amount of sulfur per
cubic centimeter in suspension in the bodies of the
microorganisms in the ketchup is 0.0043 gram as ob-
tained from Experiment 2 in Table I.

SUMMARY

Microorganisms of Beggiatoa, or a closely related
group, have been found to be the cause of an apparent
precipitate of sulfur occurring in commercial lime-
sulfur concentrates, making the whole mass of the con-
sistency of thin ketchup. Some data regarding this
thickened lime-sulfur is given.

The further study of the microdrganisms, their iden-
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tification, the sources of infection, and means of
prevention are being investigated.

DEPARTMENT OF GENERAL AND AGRICULTURAL CHEMISTRY
MASSACHUSETTS AGRICULTURAL COLLEGE, AMHERST

THE ASSAY OF INDIVIDUAL PLANTS OF DATURA
STRAMONIUM L., DATURA TATULA L. AND
OTHER SPECIES AND VARIETIES!

By F. A. MiLLER AND J. W. MEADER

It has been stated in a recent communication?
that the examination of individual plants of the daturas
for their total alkaloidal content has been under-
taken as a means of following the effects of prolonged
cultivation upon the percentage of alkaloids, and as
a means of selecting high-yielding individual plants
for breeding purposes. The present discussion is
a continuation of this investigation, together with
additional data upon other species and varieties not
heretofore included. A review of the literature on
stramonium was given in the original communication.
This was followed by the assays of several individual
plants of Datura stramonium L. and Datura tatula L.
Seeds were collected from all the assayed plants and
those from the individuals containing the highest and
lowest percentages of alkaloids from each of the two
species were planted May 30, 1912. The results ob-
tained from these plantings are considered in the
present discussion.

The conditions of growth were practically the same
as those under which the parent plants were produced.
The soil, a stiff clay loam though not identical, was
that of an adjacent field and of a similar physical
character. The plot was fairly uniform except for
an excess of sand and gravel at one end. The plants
growing at this point were smaller and less vigorous
than the others. When about three inches high they
were thinned to four feet in the row. Cultivation
was begun at this time and continued throughout the
growing season.

Eight plantings were made, four of Datura stramo-
nium L. and four of Datura tatula L. These were made
from the highest and lowest yielding individuals from
each of the two species, as given in the original com-
munication. The plants indicating these extremes
assayed o.55 per cent and o0.46 per cent in Datura
siramonium L. and o.65 per cent and o.47 per cent in
Datura tatula L. Four of the above plots received
an application of normal commercial fertilizer at the
rate of six hundred pounds per acre. This was applied
when the plants were about one foot high.

The collection of samples of leaves for assay from
individual plants of each of the eight plots was made
early in September. These samples were dried at
room temperature, granulated and sealed in amber
bottles until assayed. Following are the results ob-
tained from nineteen selections of individual plants
from Datura stramonium L. Ten of these were from
the high- and nine from the low-yielding parent.

! Paper presented at the 47th meeting of the A. C. S., Milwaukee,

March, 1913.
2 8th Int. Cong. App. Chemistry, 17, 57.
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TABLE I—Datura slramonium 1I,.
Highest plant originally assayed 0.55 per cent
Without fertilizer With fertilizer

Assay Assay
No. Source Per cent No. Source Per cent

B- 980  Parent plant 0.55 B- 980 Parent plant 0.55
B-1349  Selection 0.50 B-1360 Selection 0.67
B-1351  Selection 0.56 B-1361 Selection 0.66
B-1352  Selection 0.50 B-1362 Selection 0.62
B-1353  Selection 0.54 B-1363 Selection 0.65

* B-1354  Selection 0.42 B-1364 0.48

Selection

Average, 0.61

Average, 0.50

Lowest plant originally assayed 0.46 per cent
Without fertilizer With fertilizer

Assay Assay
No. Source Per cent No. Source Per cent
B- 982  Parent plant 0.46 B- 982 Parent plant 0.46
B-1355  Selection 0.58 B-1357 Selection 0.64
B-1356  Selection 0.57 B-1368 Selection 0.08
B-1365  Selection 0.58 B-1369 Selection 0.58
B-1366  Selection 0.65 B-1370 Selection 0.71
B-1367  Sclection 0.63 e
——— Average, 0.64
Average, 0.60 .

The Datura tatula L. selections, of which there were
ten each from the high- and low-yielding parents, gave
the following results:

TaABLE II—Datura tatula 1.

Highest plant originally assayed 0.65 per cent
Without fertilizer With fertilizer

Assay Assay

No. Source Per cent  No. Source Per cent
B- 984  Parent plant 0.65 B- 984 Parent plant 0.65
B-1344  Selection 0.53 B-1378 Selection 0.72
B-1348  Selection 0.56 B-1379 Selection 0.75
B-1376  Selection 0.77 B-1380 Selection 0.69
B-1377  Selection 0.59 B-1381 Selection 0.73
B-1383  Selection 0.64 B-1382 Selection 0.44
Average 0.62 Average, 0.68

Lowest plant originally assayed 0.47 per cent
Without fertilizer With fertilizer

Assay Assay

No, Source Per cent No. Source Per cent
B- 985  Parent plant 0.47 B- 985 Parent plant 0.47
B-1341  Selection 0.47 B-1371 Selection 0.66
B-1342  Selection 0.45 B-1372 Selection 0.50
B-1343  Selection 0.52 B-1373  Selection 0.48
B-1346  Selection 0.45 B-1374 Selection 0.53
B-1347  Selection 0.57 B-1375 Selection 0.54

Average, 0.49 Average, 0.54

A small plot of Datura ferox L. was grown from seed
obtained from Haag & Schmidt, of Erfort, Germany.
Four selections were made and samples of leaves from
these selected plants assayed as follows:

TasLE IIT
Assay
No. Source Per cent
B-1345 Datura ferox 0.53
B-1350 Datura ferox 0.62
B-1358 Datura ferox 0.70
B-1359 Datura ferox 0.66

A small planting of Datura humulus flava was made
of seed from the above source. A mixed sample of
leaves assayed o.42 per cent. Individual selections
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could not be made on account of the failure of the
plants to produce seed. This was due to the late
planting and injury from early frost. The plants
did not flower until' September and were extremely

. sensitive to frost.

The foregoing figures indicate a considerable range
of variations in the percentage of alkaloids as found
in the individual plants. This variation in the progeny
of both the Datura stramonium L. and Datura tatula L.
selections is greater than that of the two parent plants.
In the species stramonium this is o0.09 per cent in the
parents, while in the progeny it is o.23 per cent for the
selections from both the fertilized and non-fertilized
plots. The highest yielding plant was produced by
the low parent upon a fertilized plot while the lowest
yielding plant was produced by the high parent upon
a non-fertilized plot. Contrary to expectations the
higher averages were obtained upon the fertilized
and non-fertilized plots from the low-yielding parent.
For the fertilized plots these averages are 0.64 per cent
from the low parent and o.61 per cent from the high
parent. For the non-fertilized plots they are o.60
per cent from the low parent and o.50 per cent from
the high parent.

In the species tatula the variation of the two parent
plants is o.18 per cent while in the progeny it is o.31
per cent and o.32 per cent upon the fertilized and non-
fertilized plots, respectively. The highest yielding
plant was produced by the high parent upon a non-
fertilized plot, while the lowest yielding plant was
also produced by the high-yielding parent but upon
a fertilized plot. The latter was an abnormal plant
producing few leaves and for this reason might be
expected to give a low yield. The next lowest appears,
according to expectation, in the progeny of the low
parent and upon a non-fertilized plot. The averages
in this case are the reverse of what was noted for the
species stramonium and are according to expectations.
The higher averages are obtained from the progeny
of the high parent and from the fertilized plots. For
the fertilized plots these averages are 0.68 per cent
from the high parent and o.54 per cent from the low
parent. For the non-fertilized plots they are o.62
per cent from the high parent and o.49 per cent from
the low parent.

Table IV shows extremes as noted in the parents
and offsprings and the variations as found upon
fertilized and non-fertilized soils.

The greater range of variations in individual plant
yield as found in these second generation plants is
probably due to the fact that the parent plants repre-
sented mixed strains. Such mixed strains resulting
from promiscuous pollination might produce plants
giving altogether different yields from the parents.
When the original selections were made no precautions
were taken to prevent cross pollination. This pre-
caution is necessary with the daturas if known parentage
is desired. It has not been conclusively shown that
the property of a plant to produce a definite percentage
of alkaloids is uniformly transmitted to the offsprings.
Inbreeding or close pollination of all selected plants
is necessary in the study of the transmission of such
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a character. The results so far obtained indicate that
the seeds from open pollinated plants are either of
composite parentage or that the character under con-

sideration is not uniformly inherited. The results
TapLg IV
Datura siramonium
Assay Assay
Highest yielding Lowest yielding
plant plant Variations
Per cent Per cent Per cent
Parent plant it il ene 099, 0.46 0.09
Non-fertilized. ... . 0.65 0.42 0.23
Rertilized o Sans Sy 0.71 0.48 0.23
Datura talula

Parentiplantis sl et 0.65 0.47 0.18
Non-fertilized ........... 0.77 0.45 0.32
Kertilized sate i une v 0.75 0.44 0.31

seem to point toward the former supposition with
certain exceptions. Some degree of uniformity is
to be noted in the assays of these second generation
plants. There is more uniformity among the individuals
within the groups assayed than there is between these
individuals and the parent plants. Considering only
the non-fertilized plots in this respect the progeny
of the high-yielding stramonium is most uniform.
The parent assayed o.55 per cent and the progeny
o.50 per cent, o.56 per cent, o.54 per cent and o.42
per cent. This uniformity within the groupsis greatest
in the tatula selections and is sufficient to maintain
the averages in the order expected. Taking the aver-
age assay of the progeny of the low-yielding parent
from the non-fertilized plot as a unit, the averages
from the other plots of this species follow in their
expected order,t 4. ‘el T 00 T 10 X201 1.38. In
the species stramonium, however, the uniformity within
the groups is not sufficient to maintain this order.
In this case the order is 1.00 : 1.06 : 0.82 : 1.0I.

Greater extremes in the alkaloidal yield of the in-
dividual plants have been located than were found
in the original investigations. This is doubtless due
to the small number of plants originally assayed.
It is believed that such extremes can be determined
immediately by the examination of a sufficiently large
number of individual plants produced under uniform
conditions. Whether or not the greatest extremes
in the two forms under discussion have been reached
can be determined only by further study. The loca-
tion of the highest extremes is the principal object.
The possibility of the fixation of this high-yielding
property must then be determined by inbreeding. If
such a procedure is possible, high-yielding strains or
races of the alkaloidal producing plants can be developed
for commercial purposes. With four exceptions all
of the forty-three assayed plants have been inbred
and mature seeds obtained from them for planting.
Twenty crosses (hybridizations) have also been made
between various individuals of the three species
studied. A few reciprocal crosses have been made.
The alkaloidal yield of these hybrid forms will be
studied in comparison with the yield of the inbred
parents and their progeny. Perfect uniformity in the
behavior of any character cannot be expected in the
first generation from inbred plants. This is due
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to latent tendencies, the elimination of which may re-
quire two or more generations by inbreeding.

It has already been stated that another object of
this investigation was to follow the effects of pro-
longed cultivation upon the yield of alkaloids. The
idea that cultivation causes a decrease in the value
of medicinal plants has been current for many years,
but apparently without foundation. The results
obtained are contrary to this belief and are an indi-
cation of what may be accomplished through cultiva-
tion and improvement. All plants in the experimental
plots have been under cultivation two years. The
original source of the seed from which the cultivated
strains were started is known absolutely in the case
of Datura tatula L., as wild plants a few inches high
were transplanted from a vacant lot in Indianapolis
to the experimental plot. Thus two years under
cultivation is known to be correct for this species.
This is not true, however, with Datura stramonium L.
The seeds from which the original planting was made
were obtained in the London market and may or may
not have been gathered from wild plants. Mixed
samples were collected for comparison from wild plants
found growing adjacent to the experimental plots.
Following is a table of the average assays of the wild
and cultivated plants:

TABLE V—AVERAGE AsSAYS (PERCENTAGES)

Datura stramonium

§ourcc 1910 1912 1912
Original plants............. 0.50 Fertilized Non-fertilized
High-yielding plant......... .... 0.61 0.50
Low-yielding plant......... .... 0.64 0.60
Wild plantsiis S i o o 3 0.28

Datura talula

Original plants............. 0.58 Fertilized Non-fertilized
High-yielding plant......... .... 0.68 0.62
Low-yielding plant, ........ .... 0.54 0.49
Wild plants g el s i A 0.35

These averages indicate the beneficial effect of culti-
vation both with and without: fertilizer. In most
cases these averages are higher in the second year
than in the first. The general averages of all the se-
lected plants assayed this year is greater in each case
than the averages of the plants originally assayed.
The exceptions are most marked in the averages of
the progeny from the low-yielding parent. In Datura
stramonium the averages are equal to or greater than
the original average.

These forms will be continued under cultivation.
Seed from the highest yielding individuals will again
be planted and the resulting plants assayed in the
same manner as those previously examined. In
addition to the original objects of the investigation,
i. e., the effects of cultivation and selection upon
yield of' alkaloids, the influence of hybridization
upon this yield will also be noted. Other species and
varieties will be included as seed supplies become
available.

DEPARTMENTS OF BOTANY AND ANALYTICAL CHEMISTRY
Err Lty & CompaNy, INDIANAPOLIS
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LABORATORY AND PLANT

DETERMINATION OF NITROGEN BY THE NITROMETER
By C. M. Jovce AND HARRY LA TOURETTE
Received October 20, 1913
The nitrometer consists of a gas generating bulb
fitted at the top with a two-way cock leading to a
dissolving cup and a gas exit tube, and which has at
the bottom a connection for a rubber tube leading to
a leveling tube, the whole being filled with mercury
to a level just below the upper cock; a cylindrical
glass measuring tube graduated from o—100 cc. con-
nected to a leveling tube through a T tube leading to
an equilibrium tube. The latter is shaped like an
inverted 100 cc. pipette graduated downward below
the bulb from 1o0—130 cc. The whole system is filled
with mercury so that the measuring tube may be com-
pletely discharged by raising the leveling tube.
ADJUSTING THE EQUILIBRIUM TUBE
The volume of 100 cc. of dry air at o° C. and 760
mm. under the temperature and barometric conditions

49%' i Holder for

0f Gaos Generating Bulb

Z¢iH

| E

3 _ Elcmmj\o -

= |H

= |z -

Sk R

SOl

4| -

C Lz .

o Clamp 2

2 [ lJ 100 a4

@) 5 Clamp =

O |5 g 195}
c‘g' Clamp —
c 1 3 Ko
= ® 9
o - 3
2
zi 130 0 Cloam ?
3 < 3
St o :
c 2 (o)
ot - =
o cl 2
(@) o 5 0
X e I c

=
=

{ e =" ——
prevailing at the time is calculated, three drops of 98 per
cent sulfuric acid are drawn into the tube and the level of
the mercury fixed in accordance with the calculation.
The cock of the tubeisthen closed and sealed with melted
paraffin. The volume in this tube may be confirmed at
any time by opening the measuring tube and adjusting

the leveling tube so that the level is the same in the three
tubes. The volume of gasin the equilibrium tubeis then

* read and compared with the calculated volume at the

time, a correction in the subsequent gas readings in the
measuring tube being made accordingly.
NITROGEN IN POTASSIUM NITRATE

Approximately 0.4 gram potassium nitrate is placed in
a weighing tube, dried two hours at110° C.,desiccated 24
hours over sulfuric acid and weighedexactly by difference
into the cup of the gas generating bulb. Thisis dissolved
in g cc. 95 per cent sulfuric acid added through a siphon
thistle tube, entering thetop of the dissolving cup through
a tight-fitting rubber stopper. When the salt isdissolved
itis drawninto the gas generating bulb and followed by
two washings 1.5 cc. each of g5 per cent acid. The bulb
isthen shaken with a motion normaltoits long dimension
until the volume of gas determined by a rough paper
scale pasted on the leveling tube becomes constant,
this operation taking from 3 to 5 minutes.

The gas is passed into the measuring tube and after
standing 5 minutes the leveling and measuring tubes are
so adjusted that the level in the equilibrium tube reads
100 cc. and is the same as the level in the measuring tube.
The reading of the latter is then taken. As the tempera-
ture and barometric conditions, in so far as they affect the
measured volume of the gas, are automatically compen-
sated by the equilibrium tube, and as the gas is washed
with sulfuric acid and is, therefore, dry, the percentage of
nitrogen may be calculated directly, correcting only for
the calibration of the equilibrium and measuring tubes.
Seventeen determinations made when the room tempera-
ture ranged from 20-28° gave 13.71 per cent nitrogen,
the theoretical being 13.84 per cent.

EFFECT OF ROOM TEMPERATURE

It was noted that the nitrogen determinations
of pyroxylin when the room temperature was over
30° C. appeared abnormally high. Determinations
of potassium nitrate were accordingly made at tempera-
tures of 31—35° when the theoretical percentage was
obtained. This would indicate that the solubility
of nitric oxide in g5 per cent sulfuric acid diminishes
practically to zero under these conditions. Nitrogen
determinations of a well pulped sample of nitrocellu-
lose were made at room temperatures ranging from
25° to 35° C. with the result that the apparent per-
centage increased beginning at 27° C., being o0.03
higher at 28°, o.07 at 29°, o.10 at 29.5°, 0.13 at 30°,
0.20 at 30.5°% and o.23 from 31.0° to 35.0°.

The results on nitrocellulose had been previously cor-
rected for solubility of nitric oxide in sulfuric acid, the
correction being based on the difference betweenthe found
and calculated valuesfor potassiumnitrate. Thiscorrec-
tion amounted to approximately o.10 per cent and would
account for about half the differenceobserved whennitro-
cellulose wasdetermined at the temperatures beforecited.

The greater apparent increase in nitrogen in pyroxylin
over potassium nitrate with rise of temperature can
be accounted for only by the partial breaking up of
the cellulose into carbon monoxide and carbon dioxide.
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The formation of carbon dioxide has been partially
investigated, the contents of the measuring tube from
determinations made when the temperature was over
30° C., having been passed through an absorption
tube filled with barium hydrate solution. This method
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offers some difficulties, owing to the small quantity of
carbon dioxide, the presence of which has been deter-
mined only qualitatively thus far, The exact measure-
ment of this gas and the formation of carbon monoxide
will be investigated later.

Duplicate Kjeldahl determinations of the sample of
nitrocellulose determined at varying temperatures
were o0.09 per cent below the figure obtained with the
nitrometer between 20° and 28° This difference
is within the limit of error of the two methods.

LIMITATIONS OF NITROMETER

The nitrometer gives results reliable within o.02
per cent on nitrate nitrogen, using o.4 to o.5 gram
sample. It is not available for the determination of
nitrogen in celluloid or other substances containing
carbon ring compounds which appear to prevent the
complete liberation 6f nitric oxide in the presence of
sulfuric acid and mercury.

SUMMARY

Besides the corrections for calibration and stand-
ardization of the nitrometer in accordance with temper-
ature and barometer, the gas readings should be cor-
rected for solubility of nitric oxide, which diminishes
when the temperature goes above 28° C., and the forma-
tion of other gases by the breaking up of the cellulose
molecule which increases.

The following table gives the algebraic sum of these
two corrections for temperatures ranging from 20°
1) R0 (10
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Temp. Ce. Temp. Ccs
20.0-27.5 +0.90 30.0 —0.14
28.0 +0.74 30.5 —0.70
29.0 -+0.34 31.0-35.0 —0.94
29.5 +0.10

ArrincTON Co., ARLINGTON, N. J.

LABORATORY COLUMN STILL
By H. K. BENSON
Received September 22, 1913

In the description! of the equipment of the chemical
engineering la.boratory’of the University of Washing-
ton, Fig. 9 of Plate 1 shows the location of an alcohol
still. During the last year, through the kindness of
a local manufacturer, a working model of a continuous
column still has been installed, which has given ex-
cellent results in operation.

The still, which is made of copper, consists essentially
of a preheater, primary column and rectifying column.
The general plan of construction is shown in the sec-
tional drawing, Fig. 1, and photo of the installation,
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Fig. 2. It has a total cubic content of 9.24 gallons,
water measure, and is capable of producing from 2 to
4 proof gallons of alcohol in 8 hours.

The liquid to be distilled is fed by gravity into the
preheater from small storage tanks. The heat is
furnished in part by the vapors from the primary col-
umn and in part by radiation from water which has
become hot in the rectifying condenser.

Thus the hot liquid enters the primary column and
is discharged on to the double boiling chambers where
the volatile portions are vaporized while the residues’
pass downward through a trap, or automatic discharge.
The vapors next pass into an enclosed annular ring
in the preheater, the heavier portions condense while
the lighter pass over into the rectifying chamber,
are subjected to repeated condensation and vaporiza-
tion and finally constitute the high proof alcohol.

Steam is drawn from the heating system, passes
through a superheater and thence into a pressure

1 Tris JOURNAL, 4, 609 (1912).
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regulator. For experimental work dealing with the
production of ethyl alcohol from sulfite waste liquor

Fi1G. 2

and of methyl alcohol mixtures suitable for denaturing
purposes, a steam pressure of less than 5 pounds was
found efficient.

LABORATORY OF INDUSTRIAL CHEMISTRY
UNIVERSITY OF WASHINGTON, SEATTLE
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AN IMPROVED LABORATORY BURNER
By CHas. P. Fox

Received September 16, 1913

. In laboratories where air currents are troublesome,
a cylindrical wind shield, independent of the burner,
is often employed. For use with any of the common
types of laboratory burners, the attachment shown
in the accompanying photo-
graph is much more con-
venient.

It consists of an inverted
sheet metal cone 5 inches
long, 2 inches in diameter
at bottom, and 3 inches at
top, and supported by a
3-armed frame attached to
the burner tube.

By making the support
sufficiently rigid the triangle
holding the crucible in ash
determinations and the
gauze when heating small
beakers may be placed
directly across the top of
the shield.

Any tinsmith can fashion and attach the shield,
using for the 3-armed frame an ordinary chimney
support (E. & A., No. 2613 or Sargent, No.
1080).

This type of burner, as improved, has been found
very useful in light laboratory work. The improve-
ment has been in use several years and, as far as
known, is original.

AKRON, OHIO

ADDRESSES

BIOCHEMISTRY!
By CARL L. ALSBERG

I did not come to Rochester with the intention of making
a speech, but find—I am sorry to say—that Prof. Chambers
expects me to talk. He made the request—or, shall I say,
demand—as we came to this room. I find that I am driven to
the usual refuge of those who have to speak when they would
rather be silent—that is, I will take refuge in the history of my
subject.

This subject has, I think, some general interest because orig-
inally no very definite distinction was made between biochem-
istry and any other kind of chemistry. One of the first real
biochemists was Lavoisier, whom all matter, whether living
or dead, interested. He performed the first calorimetric experi-
ments. He was the inventor of the ice calorimeter, and showed
that animal heat was the result of oxidation. All the chemists
of that generation, and the immediately succeeding one did
biochemical work. I need only cite Liebig, who is perhaps
in some ways the greatest of all biochemists. Unfortunately,
about the latter part of Liebig’s life chemists lost interest in
biochemistry. This was due very largely to the sudden and

! Chairman’s address, Biological Chemistry Section, 48th meeting,
A. C. S, Rochester, September 8-12, 1913.

tremendous development of organic chemistry, which was
brought about by the discoveries of men like Hofmann and
Kekulé. It was so easy to make new synthetic substances,
and thereby gain a sort of immortality, even though the main
result of putting a chlorine atom here and a bromine atom there
was to fill up Beilstein. In consequence, thoroughly trained
chemists did not busy themselyes with subjects that were really
important in the elucidation of that matter which is found in
living organisms, and which forms the physiological basis of
life. The scientists in biology and medicine needed such in-
formation. The chemists did not give it to them. Conse-
quently, physicians and physiologists who were ill-equipped for
chemical research were forced to carry forward the work of bio-
chemistry. Though the net result of their work made de-
cidedly for progress, only too often it created confusion and
artificial difficulties. Even the best biochemists of those days
make us wonder why they did not pursue their chemical investi-
gations as far as the chemical methods of that day would per-
mit. The answer is, I think in many cases, that they were not
real chemists but physiologists with a chemical veneer. For-
tunately, this has been changing during the past decade, largely
owing to the work of Emil Fischer. While we recognize in him
a master of chemical technique, we may be certain that in a
measure, at any rate, the preéminent position which he occupies
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among the chemists of his time is due to his clear conception
of the really most important work in organic chemistry along
biochemical lines. Fortunately, more and more organic chem-
ists are following in his footsteps, and are devoting their atten-
tion to substances which occur in living things. I wish here to
make a plea for more of this sort of work in America. I believe
that the rewards and recognition for knowledge of chemistry
applied in biochemistry are great, because the work of the bio-
chemist will be applauded not merely by chemists, but also
by zodlogists, botanists and physicians. A biochemist has
a wider audience because his work presents a more general ap-
peal than the work of organic chemists upon such subjects as
dyestuffs and the like. Further, I wish to point out the value
of instruction in allied subjects. Not every organic chemist
can successfully attack all biochemical problems. Besides
his organic chemistry, other experience in physiology, and above
all, experience in dealing with substances which do not crystallize
is necessary. In many cases it is difficult to conduct biochemical
research because the biochemist must very frequently begin
with the smears, which the organic chemist consigns preferably
to the slop jar. While the things which will not crystallize
interest the organic chemist less, they are the very classes of
substances with which the biochemist must deal. Great care,
great patience and a knowledge of colloids are required of the
organic chemist who wishes to work in biochemistry, but I
feel confident that the reward for such men is great, not merely
in pure science, but also in the industries and in the arts.

The history of biochemistry in America is similar to that
abroad. InAmericaitdeveloped firstin the seventies and eighties
in the medical schools of the country; and, at that time, it was

controlled by physicians and physiologists abroad. The sub-

ject was narrowed to the consideration of biochemistry as affect-
ing the life of man; that is to say, the chemical side of physio-
logical processes of the human body together with such con-
siderations of bacteriological chemistry as affect man in health
and in disease. This phase of biochemistry is cared for very
adequately and acceptably by the American Society of Biological
Chemists, the first biochemical society to be formed in America.

The phases of biochemistry which the American Chemical
Society can very naturally expect to encourage are quite dis-
tinct from the aims of the American Society of Biological Chem-
ists. Our usefulness will include the biochemistry affecting
agriculture, phytochemistry in particular, and such industrial
processes as are based upon biochemical reactions. For ex-
ample, the more exact study of the chemical composition of
fruits, grains, and food products. It must be admitted that,
at present, we know only those chemical substances occurring
in considerable amounts in such important grains as wheat and
corn. The minor constituents in grains of much importance
have not been identified with exactness. If we consider grains of
less importance even this degree of knowledge can not be claimed.

Some of our most important modern industries, like those
dealing with starch, artificial fabrics, leather tanning materials,
glue and gelatin, meat packing and the flour milling industry
require biochemists, and we are now training men to deal with
such practical problems.

If our society confines itself to the activities already men-
tioned, there still remains a wide field of biochemistry uncared
for, the biochemistry of the lower animals. This part of the
biochemical work will become a part of the work in the zodlogical
societies of the country. My view is that three societies of
biological chemistry can well exist in America without competing
in any way, each one caring for a specific need. These would
include the biochemistry of the higher animals and its applica-
tion to medicine; the biochemistry of the lower animals; and
biochemistry in its application to plants, agriculture, and the
industries,

BUREAU OF CHEMISTRY
WASHINGTON
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THE PROGRAMS FOR THE SECTIONAL MEETINGS OF
THE AMERICAN CHEMICAL SOCIETY
A SUGGESTION!
By BERNHARD C. HESSE

Suddenly confronted with the major responsibility for the
programs for the nine meetings of the New York Section of the
American Chemical Society for the current session, the question
as to what results are to be aimed at took sharp and definite
form in my mind. :

The answer to that question, as nearly as it can be arrived
at by observation of members of the audiences at these meetings
and by interrogation of a number of them, can never be any-
thing but a generalization or a number of generalizations,
which appear to be about as follows:

1. We come to these meetings to hear a good, lively disctission
and not to listen to a catalog of analytical results or numerical
constants or detailed experiments. Final, conclusive and gen-
eralized results are what we are after.

2. Discussion, in order to be lively, should be prepared in
advance and every one should have an opportunity to become
acquainted with the general trend of the papers prior to the
meeting.

3. Extemporaneous discussion too often leads very far afield
and the real points of the paper read and in issue are not touched
tupon.

4. The meetings are too long and of too uncertain duration.

That these generalizations have a foundation in fact became
evident by a number of walks through the various rooms of
this building during meetings of this and of other societies.
It is a safe estimate that, in general, there were quite as many
men in the foyer, in the social room and in the restaurant as
there were in the audience in Rumford Hall. Those on the
outside frequently comprised a number of men who were emi-
nently fitted to discuss the papers presented; on inquiry as to
why they were not in Rumford Hall the general answer was
to the effect that they were waiting for the conclusions to be
stated and then they might have something to say; no sitting
through the reading of the dry details for them! Following
up some of these individuals, it turned out that although they
were present when the final conclusions of the papers were
stated yet they said nothing in the discussion and the explana-
tion given was that while they did not agree with the conclusions
stated yet they had not their material in such condition as
to use it with convincing effect; generally they indulfed in dis-
paraging remarks of what little discussion had taken place;
in not a few cases some have remarked that if they had only
known the day before what so-and-so was going to say they’d
have loaded for bear, and shot so-and-so’s conclusions as full
of holes as a sieve. Making due allowance for a little bragga-
docio they probably meant that under those circumstances
they might have made a creditable opposition showing. The
crucial question, however, is: “Would they?”’

It is a fact thay many of our members reside at a distance and
it is imperative for them to leave the Chemists’ Building before
a definite time, say 10.30 P.M., in order that they may not be
unduly delayed in their arrival home. Everybody knows
that once a commuter’s mind is on his train his mind is not
on much else and particularly not on the subject matter of the °
paper; the fact is that he is anxious to have the matter over
with so that he can have a moment’s chat with some particular
person in the audience and as likely as not, that particular per-
son is not at that time in any particular hurry to leave and com-
munication with him in the meeting-room is, to say the least,
awkward and embarrassing, if not unfeasible. The unavoidable
result needs no further portrayal here. We have probably
each and all of us been through that experience. ;

1 Chairman's address at the October 10th Meeting of the New York
Section of the A. C. S., The Chemists' Club, New York.
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This is not a complete statement of the problem nor of the
facts but it probably contains the essentials and the salient
points of both and will answer for a working basis for the con-
sideration of a plan of action which may be capable of overcom-
ing some of the defects just noted.

It is becoming more and more the practice at the large meet-
ings of a number of technical and scientific societies to have
the papers to be read at those meetings printed and distributed
to the members in advance of the meetings. This plan tends to
minimize these defects, at any rate. If now, the author were
to be limited to a few moments to recapitulate in a few words
the most important essentials and the debatable points in lieu
of reading the entire paper and if one or more members could
be induced to prepare a set and carefully worded discussion of
such papers as lend themselves thereto also in advance of the
meeting, the way seems to be open to complete overcoming of
the foregoing defects if only the auditors will then do their part

~ and critically think the subject matter over and properly fortify -

and equip themselves in advance of the meeting. If discussions
under those circumstances be not lively and short and to the
point as well as interesting and useful such failure must then
lie in and be inherent to the subject matter, itself.

Of course, for sectional meetings the expense of printing the
papers in advance is prohibitive; to base the program upon
articles appearing in our own journals and of fairly recent date
seems as though it should be feasible; at any rate, that is the sug-
gestion I am now making, that sectional meetings could, with profit
to all, be based, in part at any rate, upon one or more papers
in recent numbers of our own journals and that one or more
persons be invited to prepare a set discussion of such papers
as lend themselves thereto, but in all cases such discussion is
to be opened and closed in the briefest manner possible by the
author or perhaps by some one the author might choose to desig-
nate. All who attend will have had opportunity to acquaint
themselves in advance with the nature of the communication
and its main points, conclusions and contentions.

Making this plan effective will put a greater share of re-
sponsibility on the audience and in view of the lethargy of the
human being the all-important question is: ‘“Will the audience
do its share?”

For a time I was tempted to try this plan out during the pres-
ent session, but having only recently had considerable and
weighty proof of the enormous inertia of the human mind in
the accepta .ce of a new order of things, I have refrained from
such attempt and have contented myself with bringing my
thought to your attention in this manner in the belief that if
it corresponds in any degree to any real existing need that this
Section can be depended upon to take such action in the premises
as the merits seem to warrant.

90 WILLIAM STREET
NEw York City

EMPIRICAL REQUIREMENTS IN ASPHALT SPECIFICA-
TIONS
By LEroy M. LAw
Received October 1, 1913
INTRODUCTION

The purchase of materials under specifications is a practice
that is daily becoming more general. It is a natural outgrowth
of the systematic study of one’s requirements and the scientific
development of products to meet them. The practice has reached
its present broad application and usefulness largely through
the aid of the chemist and it is in the interest of chemists engaged
in bituminous work that this paper is primarily written.

Under ideal conditions, purchasing under specifications is
beneficial to both consumer and producer. The former is
enabled to state in precise terms his exact requirements in the
way of material needs. This establishes quality and, as a result,
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all competitors are placed upon an equal footing and competi-
tion resolves itself into the real objective, competition in price .
alone. To a producer, it means first of all that he is given an
equal chance with others in the trade, and as all deliveries are
to be rigidly inspected, he feels safe that another dealer cannot
submit a profitless price in the hope of furnishing an inferior
article. 2

The mutual understanding or, to use the definition of contract,
the “meeting of minds,” is brought about through the agency
of the specification proper and it is, therefore, highly important
that this feature should receive serious consideration. Its.
prime object is to define the requirements in terms which per-
mit of ready interpretation, avoiding all possible uncertainties
which may give rise to disputes under the contract. This point
is vital and really forms the foundation of this great system,
yet even in some of our most elaborate specificationsitsimportance
is frequently neglected. In many of the early types we have
seen such requirements as ‘‘The material must be A, B. C.
brand or equal thereto' and ‘‘the material shall have given
satisfactory service under similar conditions for such a period
of time.” With such crude clauses specifications fail of their
purpose for the actual requirements are at best but vaguely
stated and the producer has no way of ascertaining if his wares
are ‘‘equal to” or have “given satisfactory service” in the
judgment of the person who reviews the bids and makes the
award.

Such conditions especially unfair to the manufacturer are
rapidly disappearing, vet to-day in many of the so-called scien-
tific specifications, the adoption of requirements based on arbi-
trary methods of analysis has placed the honest producer in an
equally uncertain and embarrassing position. It is to three
such requirements which have gained and still hold surprising
popularity in many current bituminous specifications that I
now invite your attention.

DISCUSSION

The first stipulation of this character to be mentioned is that
limiting the so-called ‘‘fixed carbon” and it is indeed difficult
to understand just how this requirement even secured a foot-
hold in asphalt specifications. ‘

Fixed carbon is a test stolen from fuel chemistry, where it
serves to indicate the coke remaining after the gaseous constit-
uents have been removed by heating the material, with exclusion
of air, under prescribed conditions. Those who have had any
experience in fuel work whatever know full well that this test
is purely empirical and that the variations among different
operators, especially in different laboratories, is often con-
siderable.

A committee of the American Chemical Society gave consider-
able study to the matter some years ago and in 1899 recommended
the procedure! that is now followed in conducting this determina-
tion. It is to be understood however that this method is not
applicable even to some fuels like the lignites which are very
prone to spark. How much more inapplicable then will the
method be to softer materials like the asphalts and road oils
which have also the disagreeable tendency of foaming out of
the crucible at certain stages of the heating?

Chemists should know that city illuminating gas, the source
of heat, varies in different localities; in fact in some cities the
composition is entirely different from that in others, hence a
variation in heat, to say nothing of the difference in type and the
condition of burners employed. It has also been found that the
degree to which the platinum crucible is polished has also an
effect on fixed carbon results and there are doubtless other sources
of variation not as yet discovered.

The point is that asphalt chemists who advocate such re-
quirements in their specifications, fail to realize these features

1J. Am. Chem. Soc., 21, 1116.
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and their resulting effect on the limitations of accuracy. Tield-
ner,! of the U. S. Bureau of Mines, in speaking of the fixed carbon
test, makes the following statement in regard to coal and what
he says in regard to coal is equally applicable to the fixed car-
bon in asphalts for the same procedure is used with: both
materials: :

‘“The volatile matter and fixed carbon represent the relative
proportions of gaseous and solid combustible matter that may
be obtained from the coal by heating it in a closed vessel. This
is done by heating a finely powdered sample in a small, covered
platinum crucible, in the flame of a Bunsen burner or Méker,
burner for exactly seven minutes. ‘The volatile matter consists
mainly of the combustible gases—hydrogen, carbon monoxide,
methane, and other hydrocarbons and some non-combustible
gases such as carbon dioxide and water vapor. The volatile
matter does not include water present in the coal as moisture
at 105° C. (221° F.).

‘“The residue of coke left in the crucible after deducting the
ash is reported as ‘fixed carbon.” The ‘fixed carbon’ does not
represent the total carbon in the cqa], as a portion of this ele-
ment is driven out in combination with hydrogen in the volatile
matter; furthermore, ‘fixed carbon’ is not pure carbon, but
still contains several tenths per cent each of carbon, hydrogen,
and oxygen; from 0.4 to 1.0 per cent nitrogen; and about half
the sulfur that was in the coal. It should be clearly under-
stood that the terms ‘volatile matter’ or ‘volatile combustible
matter’ and ‘fixed carbon’ do not represent any definite com-
pounds which existed in the coal before heating. The method
of determination is purely arbitrary and variations of tempera-
ture and rate of heating will cause variations amounting to
several per cent; even with a strict adherence to the method
recommended by the American Chemical Society, variations
of three and four per cent in both the volatile matter and fixed
carbon may occur in different laboratories. One of the most
prominent factors in causing variations is the temperature at
which the crucible is heated.”

‘It is especially pronounced in anthracite and semi-bituminous
coal. It is not improbable for one laboratory to report 4 per
cent and another 7 per cent volatile matter on the same sample
of anthracite, or 14 per cent and 17 per cent, respectively on the
same sample of Pocahontas coal. The different percentages
of volatile matter were actually produced by different condi-
tions of heat treatment. Caution must, therefore, be observed
in making comparisons of the volatile matter and ‘fixed carbon’
in proximate analyses made in different laboratories. Even
determinations made at the same laboratory by the same analyst
may vary to the extent of 0.5 per cent.”

If such wide variations do occur with coals what, then, should
we expect when the method is applied to soft asphalts and even
oils?

As a chemist of one of the large asphalt companies, I have
observed this fixed carbon requirement enforced to extremes
and yet to no purpose or benefit to the consumer. The yield
of fixed carbon cannot be controlled in the process of manufac-

RusuLts oN FIXEp CARnON (PERCENTAGES)

Sample No. %213 215

Laboratory A............ 12.00 17.4

Taboratory Biia oo, 13.62 16.85
Laboratory C............ 10.91 13.13
Taboratory:=DiCiiaaiuaios 12.52 17.54
Laboratory E... .. . oi. 12.63 17.20
Taboratory F. ... . ivean 17.10 22.00

ture, unless through gross carelessness in coking material.
In this case, the defects will be shown far more accurately by
increased insoluble matter in the various reagents employed
in bitumen analysis.
Some weeks ago the writer prepared two samples of bitu-
1 THIS JOURNAL, 5, 270.
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minous material of different consistencies, dividing each sample
into several portions. These were sent to several laboratories
to make the fixed carbon tests. The operators selected were
not those of the usual commercial laboratories, but chemists
who are especially qualified and equipped for asphalt work,
and regarded as our foremost experts in this branch of the pro-
fession. ‘The tabulated results of their work are shown in the
acc'ompanying table. :

Inspection of the figures shows a variation in fixed carbon on
the same samples of over 6 per cent in one case and nearly 9
per cent in the other. When experienced operators such as
the above differ by these amounts on identical samples, is there
any wonder that with chemists generally, the variations are
even greater? It is to be regretted that chemists do not study
the value of these tests before incorporating them in their speci-
fications and extend to good materials and their honest manu-
facturers a just consideration. If fixed carbon in Baltimore
is different from fixed carbon in Pittsburgh and, if in any one
place the results are to vary from day to day, what possible
value can the test have as indicating the value of a material?
Furthermore, how is the manufacturer to test his products in
every consumer’s laboratory, to ascertain conditions prevailing
in each of them?

Some days back it was our misfortune to have a shipment of
asphalt rejected, because the fixed carbon as determined in the
customer’s laboratory ran from one-tenth to three-tenths in
excess of the prescribed limit. I had previously tested the batch
from which this shipment was made, and found the fixed carbon
considerably below the requirements of the specifications.
Think of a scientist holding up a material on such a narrow margin
as this, when even the most precise chemical methods are seldom
within this limit of accuracy, especially as carried out in ordinary
commercial testing! An absurd feature of the case is that an-
other carload from the same batch was accepted as meeting
the requirements, the inspecting chemist doubtless being un-
conscious of the variation he was experiencing in his own lab-
oratory.

But I leave the subject of fixed carbon to pass to another
empirical requirement of still greater uncertainty, 7. e., th
so-called paraffin determination. :

This procedure is supposed to show the amount of hard or
‘““scale’” paraffin present in the material and is, therefore, con-
sidered to be an index as to its liability to crack in cold weather
or granulate with age. The general procedure employed in this
determination is doubtless familiar, consisting of distilling the
material rapidly down to dry coke and collecting the distillate.
‘The latter is then weighed, an aliquot portion removed, dissolved
in alcohol-ether, chilled and the crystallized scale filtered off,
dried and weighed. Many specifications prescribe that the
scale shall not exceed a certain figure, yet few of them prescribe
their modifications in detail. ‘The results are that each customer
performs the test in the manner most agreeable or convenient
to himself, and the manufacturer has to stand for the whims
and modifications introduced.

Usually the test is conducted in a glass retort, yet some
operators substitute in its stead an iron one. That this may
influence results matters little, so the manufacturing chemist
must visit all these laboratories to become familiar with each
chemist’s details, return and endeavor to duplicate con-
ditions.

. Dow and Smith,! using an iron vessel, show the effects of differ-
ent rates of heating, type of condenser, etc., and furthermore,
express the belief that at certain heats soft paraffins may be
converted into the scale form. In the face of these experiments
and opinions we have chemists who insist that the higher the
paraffin scale obtained the more accurate the method, their

1 Engineering News, June 8, 1911.
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claim being that ‘““you can not get out more than there is
in it.”

In an effort to learn something as to the paraffin test as
generally applied, the six laboratories who replied to the fixed

carbon inquiry were also asked to determine paraffin scale

in the same samples. They did so with the exception of one
laboratory which for reasons not stated, declined to make the
determinations. I trust that laboratory E realizes the unscien-
tific status of the paraffine scale test and it was this realization
that prompted them to decline to report on the subject.

RESULTS ON PARAFFIN ScALE (PERCENTAGES)

Sample No. 213 215
Laboratory A............ 3.6 2.8
Laboratory’B il it s 0.10t 1.58
Laboratory C............ 257, 1.49
Laboratory D............ 1.21 1.25
T aboratory= R f e et o i
T-aboratory I tiicis g 4.13 3.04

1 Material foamed considerably. Analyst is of opinion that there
is no accurate method and results are only approximate.

The above results tend to make a laughing stock of the pro-
fession and are printed only with the hope that asphalt chem-
ists may soon get together and study or eliminate these em-
barrassing subjects.

Qur company is furnishing a certain material to one customer
who limits paraffin to one per cent. From him we have had
no complaint whatever, yet the same material is ineligible under
another specification having been reported to contain paraffin
in excess of four per cent. I ask you candidly which chemist
is right, and what is the manufacturer to do under such con-
flicting evidence?

Turning now to a third requirement of questionable scientific
value, and non-indicative of either quality or service results,
I call attention to a requirement in many road oils and binder
specifications which states that the material at, say, 50 penetra-
tion, shall have a specified minimum ductility. The idea is
that the bitumen shall possess adhesiveness, a quality best
shown by the ductility test and by concentrating to 50-penetra-
tion, the standard consistency for this ductility test, all materials
are brought to a uniform basis of comparison.

Thus far, the idea is sound but the method of concentration, -

the all-important feature, is sadly and ignorantly neglected.
Some chemists in a blind attempt at conserving ductility, stipu-
late that during concentration, the temperature shall not ex-
ceed, say 400° or 500° Fahrenheit. Others provide for “‘occa-
sional’’ stirring, but generally they neglect the essential feature
in asphalt treatment, namely the agitation. In hardening the
softer asphalts, agitation plays if anything, a far more important
role toward conserving ductility than does the mere restriction
of temperatures. My interviews ' with inspecting chemists
relative to this test, show that they are uniform only in follow-
ing “no regular procedure.”

Some of them use heat test residues which by accident have
just reached 50 penetration or again this residue treated to a
further heating on a hot plate or in an oven to obtain the desired
consistency. Others concentrate the material from an oily
state to asphaltic consistency in a single operation, either on
a hot plate or in an oven, with or without agitation as suits
their fancy and the manufacturer must ascertain and duplicate
in his laboratory all of these eccentricities to find out the
chance his material has of passing a so-called scientific speci-
fication.

On one occasion the writer submitted to a prospective cus-
tomer a series of asphalt products varying in consistency from a
maltha down to an asphalt cement. These were tested by the
inspecting chemist who passed the harder materials, but re-
jected the softer ones, as absolutely lacking in ductility when
reduced to 50 penetration.
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The chemist allowed me to look over his results, and I ob-
served that with the material requiring the least concentrations
he had secured the highest ductility and in case of the fluid
material requiring the greatest concentration to reduce it to
50 penetration, practically no ductility was obtained. All
of the products were from the same primary material, the maltha,
the harder ones being produced by refinery operation which
neither he nor any one else could duplicate in the evaporation
tins of the asphalt laboratory.

In the instance cited, the chemist’s process was undoubtedly
one destructive to ductility for the longer the heating required
to reach 50 penetration the lower the ductility of the product.
The individual in question avoided the issue by deciding that
to his mind the test represented service conditions where no
agitation of the material took place. And so I might go on with
a number of other requirements without theoretical or practical
significance, but why take up time or space?

Suffice it to say that such clauses as fixed carbon, paraffin
scale, etc., in their present empirical state and coupled with
a narrow and rigid interpretation are not only a discredit to the
profession, but destroy the value of a sincere specifi-
cation.

It has just been stated that the principle object of the specifica-
tion is to lay before the manufacturer in a clear, concise manner
the requirements that are to be met. When he is unable to
interpret these with a reasonable and standard equipment, the
purpose of the specification fails.

CONCLUSION

The rapid developments in bituminous highway work during
recent years has been accompanied by an accumulation of
inspection methods, desirable and questionable ones springing
up together and the many young chemists in this field of work
doubtless look upon them as methods of established, scientific
value. Other chemists with only time for routine work of test-
ing become advocates of such requirements as they might other-
wise suppress. Furthermore specifications of one city or munici-
pality are frequently copied from those of another which pre-
sumingly from a longer experience in bituminous work is looked
upon as a criterion in such matters.

And so by these and other unstudied procedures our asphalt
specifications have been brought to this present empirical con-
dition, and the time is at hand for chemists in this branch of
the science to coodperate in weeding out the tangled field of
laboratory methods. .

No one chemist should, and no true scientist will, decide
that check results in his own laboratory establish the reliability
of a test or method of analysis. Such is at least to be expected.
A true scientist will endeavor to ascertain what the procedure
shows in the hands of others, presuming, of course, average quali-
fications in experience and skill.

If as a result of such study fixed carbon, paraffin, etc., are
found to be of value, then it will be of interest to all concerned
to adopt definite procedures and agree on the limitations of
accuracy. If they cannot be developed into real scientific
methods, capable of yielding concordant results in the hands
of all qualified chemists, then they should, by mutual consent,
be abandoned. In their present empirical condition they can
not be of any possible assistance in determining the quality
or even the uniformity of a product, but on the other hand,
their employment frequently works injustice to valuable
materials,

Until the status of these tests is better established would it
be any more than fair to the manufacturer to omit such require-
ments from bituminous material specifications?

LaBOorRATORY U. S. AspHALT REFINING Co.
EAST BROOKLYN, BALTIMORE, MD.
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CURRENT INDUSTRIAL NEWS

By W. A.

SULFITE WASTE LIQUOR PROBLEMS

Paper for November 12, 1913 reports that in the manufacture
of chemical woodpulp by the sulfite process, half of every
cord so treated is dissolved by the liquor in which the wood is
boiled, and is discharged into the adjacent rivers as waste liquor.
According to the latest bulletin on pulpwood, issued by the
Forestry Branch, Ottawa, the amount of pulpwood subjected to
this chemical treatment in 1912 was almost 290,000 cords. Half
of this amount was absolute waste. The average price of a cord
of pulpwood is six dollars, so that this waste, reduced to its
money equivalent, represents a loss to Canada of over $800,000.

Nor is this the only loss, for by this process 140 pounds of
sulfur are required to dissolve the waste materials out of each
cord of wood. Some of the gases generated in the process are
recovered, but most of the sulfur passes off in the waste liquor,
and no method has yet been found to recover it for use a second
time. Sulfur costs twenty-five dollars a ton, and the loss in
this particular is equivalent to a money loss of over half a
million dollars on the total amount wasted.

In view of the fact that each year more and more pulpwood
is being manufactured into pulp by this process in Canada, the
utilization of this waste liquor becomes an important problem.
Even the most practicable method so far devised does not re-
cover enough valuable products to make it pay.

The waste liquor contains many materials, such as oxalic acid,
tannin extracts, dyestuffs and alcohol constituents which, if
they could be easily recovered, would make the liquor of great
commercial value; but in spite of the tremendous amount of
work has been done on the subject, especially in Europe, the
problem still remains for the most part unsolved. As the liquor
also contains carbohydrates, it should be possible to obtain tur-
pentine, and eventually it may be possible to obtain rubber from
it. In furthering the solution of such problems and in eliminat-
ing other forms of wood waste, the new Forest Products Labora-
tories being established by the Dominion Government at McGill
University will doubtless play an important part.

One use of the waste liquor mentioned above, that has been
tried at Grand’ Mére, Quebec, where the Laurentide Company
has large pulp and paper mills, consists in its utilization for
street-watering. Experience has shown it to be as efficacious in
keeping down dust as oil is, while the objectionable odor of oil
is absent.

NICKEL A BY-PRODUCT IN THE UNITED STATES

The Geological Survey reports that there are no producing
nickel mines in the United States. The output of nickel from
domestic ores is merely a by-product from electrolytes of the
copper refineries, Salts and metal equivalent to 328 short tons
of metallic nickel were saved in domestic refineries in 1912 from
both foreign and domestic ores. Nickel ore, “imported for con-
sumption,” is mostly. from the Canadian deposits.

PRACTICAL CONSIDERATIONS AFFECTING CHOICE OF
THERMOMETERS IN INDUSTRIAL PLANTS

In The Institution of Mechanical Engineers, Whipple points
out that questions of first cost, up-keep, etc., must be considered
in the selection of thermometers for either high or low tem-
peratures.

As a rule the temperatures found throughout a steam plant
may be taken with mercury thermometers, sockets, or mercury
cups being placed in the steam pipes into which the mercury
thermometers are placed. On the other hand, it is frequently
troublesome to read the important thermometers in the plant,
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and they often go unread. The thermometer at the foot of the
smoke stack, and the one on each side of the economizer, although
giving valuable information as to the efficiency of the plant,
are frequently unnoticed.' For this reason it is advisable to
install resistance thermometers, which can be easily read on a
galvanometer mounted: in the boiler or engine house. When
dealing with high superheater temperatures, a recorder or an
alarm thermometer will be found of service.

Mercury thermometers are generally employed in cold storage
work, but experience has shown that in the case of large stores
—say ten rooms or over—it pays to install resistance thermom-
eters. A great deal of time is spent in reading mercury ther-
mometers throughout a large building which necessitates the
opening and shutting of a number of doors, and which, in ad-
dition to the labor cost, is wasteful of power and tends to des-
troy the uniformity of temperature in the various rooms. The
applications of pyrometers in works for the treatment of metals
are very varied. One of the most important is the measurement
of the temperature of the air in the hot air main of a blast fur-
nace. If prime cost is not an overwhelming consideration,
then resistance thermometers should be used connected to a
Callendar recorder. ‘Thermocouples may be used, but if an
accuracy comparable to that of the resistance thermometers
is desired, a scale control board, and various precautions with
regard to cold junctions, etc., must be adopted.

Unfortunately, although the temperature at which a metal
is cast is admitted to be of such great importance, yet there is
no really satisfactory way of determining the temperature of the
molten metal. The conditions, especially where a large crucible
is used, make it practically impossible to insert a pyrometer
into the metal, and the readings obtained with radiation or
optical pyrometers are not consistent, owing to variations in
the quality and quantity of the slag and the frequently great
divergence from black-body conditions.

The closed-tube radiation pyrometer can be safely used when
small crucibles are employed; the thermocouple also, if protected
by an outer salamander tube, may be employed for molten brass.

The greatest field for the application of pyrometers lies in
the heat treatment of metals, where the success of a pyrometer
installation depends almost entirely on the mounting. Ex-
perience shows that, in the case of large furnaces, it is advisable
to put the thermometer in the floor of the furnace in the following
way: A slot is chopped into the furnace floor and into this
a fire-clay tube is grouted, the space surrounding the tube being
filled in with fire-clay flush with the bottom of the furnace.
The pyrometer is slipped into the tube through the side of the
furnace. The weight of the head of the pyrometer is taken by a
flanged socket, which is screwed into the protective plating of
the furnace, the pyrometer being held to the socket by means
of readily removable bolts and nuts. Thus the pyrometer can
be introduced between the gas ports of the furnace.

In practically all porcelain works Seger cones are employed
to control the firing. Although the information given by them
is extremely valuable as showing the maximum temperature
attained, yet they fail to show the rate at which a kiln is being
heated, and this is frequently of fundamental importance.
Thermocouples are best employed for the measurement of the

. lower or preliminary temperature and radiation pyrometers for

higher or finishing temperatures.

THE SALT INDUSTRY OF RUSSIA
It is pointed out in The Times Russian Supplement, August 11,
1913, p. 8, that there is a great discrepancy between Russia’s salt
production and her resources in this respect.
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Geological investigation proved long ago that there are in
various parts of the Russian Empire untouched deposits of salt,
that there are lakes in the Astrakhan province and in Siberia
which possess a considerable salt capacity, and that mineral
salt can be found in large amounts in the Caucasus and in the
Ural Mountains. Vast areas that are suspected to be salt-
bearing have up to the present time not yet been surveyed.
Oil borings in the Ural Caspian district have within recent years
disclosed the presence of hundreds of millions of tons of rock
salt in the Gouriev and Emba districts. A recent calculation
estimates the salt resources of Russia to be capable of supplying
the whole world for centuries with this indispensable commodity.
In spite of this fact, the production of salt in Russia hardly
covers the comparatively moderate consumption of the Empire.

In 1880, Russia produced no more than 750,000 tons of salt.
In 1900, the production had increased to two million tons, and
in 1912, the output reached 2!/ millions.

Nearly half of the Russian salt output is obtained in the lakes
of Baskunchak and of the Crimea. Although the lake-salt
production is the cheapest, the irregularity of its output induces
those engaged in the industry to take a special interest in the
product obtainable by boiling and in rock salt.

Salt-boiling is principally applied in the Perm and Slaviansk
districts.

It is interesting to note that the Siberian dairy farms are using
the Slaviansk and not the Perm salt, which, though nearer the
Siberian consumer and obtained by the same process of boiling,
is inferior in quality. ;

The most advanced and promising branch of the Russian
salt industry is rock salt, of which 85 per cent is produced in
the Bakhmut district, in Southern Russia. The average yearly
salt output in Bakhmut was for 1901-5, 500,000 tons and for
1906—10, 560,000 tons, while in 1912, it reached over 600,000
tons. The production of rock salt is less expensive than prepa-
ration by the boiling process. :

Russia’s production is limited by the internal demand, which
is increasing slowly. ‘The use of salt in cattle food is practically
unknown to the Russian peasantry, and the chemical industries
using it as a raw material are not sufficiently developed.

The salt industry depends much on the State, which is the
owner of one-half of the salt-producing areas and a producer
of several hundred thousand tons. The State gives leases against
a certain royalty of extracted salt, and is entitled to force the
firms to sell their whole output to the Government at a fixed
price. The rise of the price of salt was the object of special
investigation by a Commission in 1911, but up to the present
moment the State has not used its right of compulsory pre-emp-
tion.

The Amur district, a great fishery centre, and consequently
an important consumer of salt, is importing this commodity
from Japan, China, and especially from Germany, to the amount
of over 500,000 tons.

The salt industry being closely connected with the general
industrial development of the country, progress in agriculture
and chemical production, as well as the betterment of the eco-
nomic standard of the population, will necessarily lead to an in-
creased output,

CHEMICAL TRADE OF GERMANY

Consul-General Harris, of Frankfort on the Main, summarizing
a number of German authorities, discusses the progress of the
chemical trade of Germany during the past few months and
throughout 1912. In connection with the statement made by
Mr. Harris as to the progress of Germany’s chemical trade,
statistics show that the exports of raw chemical products during the
first half of 1913, compared with 1912, record an increase of more
than "$10,000,000 worth, and reach a total of $47,000,000. Of
colors and dyestuffs, an increase of about $6,000,000 is noted,
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the total for the first six months of the present year being $36,-
000,000, Of varnish, lac and putty, the exports amount to
nearly $739,000, and really declined during the six months
period. Of ethers, alcohol, etc., the total exports for the first
six months of 1913 were over $5,000,000 worth, a gain of $1,500,-
00o. KExports of artificial fertilizers show a decline of about
$300,000 in a total exportation of the first six months of $6,143,-
ooo worth. Of pharmaceutical products, a gain of more than
$2,000,000 is noted for the first six months, the total being
$11,063,000.

Giving some details as to the more important items in Ger-
many’s trade with the United States and other countries, and
calling particular attention to the trade in fertilizers and ex-
plosives, Mr. Harris says: :

The items of chief importance in the export trade are chemical
raw products and colors and dyestuffs, forming together about
three-fourths of the total value. Exports of raw materials
during the first half of 1913 showed a gain of about 30 per cent
over the corresponding period in 1912, 32 per cent over the Jan-
uary-June portion of 1911, and 110 per cent over the first semester
of 1908. :

A marked increase was shown also in the various salts, such
as chloride of potassium, etc. Belgium, France and Austria-
Hungary are the principal countries of destination of these ship-
ments, while for salts to be used for fertilizers, which are also

‘included in the export figures, the United States, Sweden, Russia

and Austria-Hungary are the chief customers. The import
trade of these salts is so small as to be insignificant.

As purchasers of German aniline and other coal-tar colors,
China, England and the United States lead. The total ship-
ments of these colors in the first half of 1913 reached in value
$16,855,000, against $15,726,000 last year. Imports of dye-
stuffs, with figures much lower than the exports, include certain
specialties.

Germany’s shipments of artificial fertilizers, while showing
a falling off from those of 1912, advanced during the past six
years by about 150 per cent. ‘Thomas meal (exports, first half
of 1912, $2,762,000; 1913, $2,703,000) and superphosphate
(exports, first half 1912, $3,205,000; 1913, $2,995,000), as by-
products of the rapidly increasing mining industries of Germany,
furnish the principal items of these exports, which go chiefly
to Austria-Hungary, the Netherlands, Russia and Denmark.
Imports of artificial fertilizers during the first six months of
1913 amounted to 60 per cent of the exports and came chiefly
from Belgium and France.

IMPRESSIONS OF EUROPEAN SEWAGE-TREATMENT
METHODS

As Philadelphia’s representative, Mr. George E. Datesman,
principal assistant engineer of the Bureau of Surveys, visited
Furope and made studies of the systems of sewage treatment
in cities of Germany, Austria, Holland, Belgium, France and
England. The principal conclusions of his report follow:

1. The establishment of government rivers boards to supzrvise
sanitary conditions and works proposed is essential to proper
results. The art of sewage disposal apparently has stopped at
percolating filters, but an adequate and less costly substitute
is anticipated. It is practicable to obtain from properly de-
signed and operated sewage works a clear, odorless, sparkling
and non-putrescent effluent from a sewage of extreme con-
centration, even if it has become septic.

2. Sludge resulting from sewage treatment can be rendered
innocuous, practically inodorous and wholly unobjectionable
and can be disposed of without nuisance, sometimes profitably.
By certain combinations of treatment desired results may be
secured at a fraction of the cost of other recognized scientific
methods of treatment in satisfactory operation.

3. In the conservation of a water supply, scwage‘disposa.l
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systems should bear only their proportion of the cost of treat-
ment. The construction of a properly designed, economical
and sanitary collection system is the first essential in sewage
disposal.

4. The use of the separate system of sewer conduits has been
abandoned as inadequate for urban districts. Polluted streams
can be made pure by a system of interceptors to prevent sewage
from reaching the streams.

5. Rivers may be made clean and nuisances to sight and smell
may be prevented by simple screening or by screening and
tankage treatment, provided the diluting volume of river flows
and its velocity are sufficient to prevent deposits. Where not
used as a water supply the extent to which a river may be used
as an oxidizing agent thus offers a problem to be determined.

6. At the present stage of the art there is no process that gives
better or cheaper results than the form of tank used at the
works of the Emscher Genossenschaft in Germany. Should
screening be desired, the so-called Reinsch screens as used at
Dresden, Germany, are the most cleanly and efficient of any
observed. Experience has proved that adequate tankage
treatment is more effective and less costly than the operation
of fine screens.

7. Of the bacterial treatments, the percolating filter furnishes
the best results both in oxidizing the organic matter and in the
removal -of putrescibility. The speed of operation is greater

than by any other system, with consequent reduced first cost

for land areas.

8. When sufficient fats are present in the sewage, they may
be profitably recovered from sludge. Drying for fertilizer and
fuel use has also proved profitable in some cases.

9. Submerged outlets from disposal works are essential for
proper dilution. Disinfection with hypochlorite of lime as a final
‘treatment is not in use either in England or Germany. In
the conditions of the rivers in the former country it would not
be effective in removing pollution.

ACTION OF ALKALI AND SEA WATER ON CEMENTS

The United States Bureau of Standards has investigated
the above subject and has published the results of its investiga-
tions in Bulletin 12. Since the physical test covered a period
of exposure of not to exceed 3!/2 years, the following conclusions
drawn should be considered somewhat tentative:

Portland cement mortar or concrete, if porous, can be disin-
tegrated by the mechanical forces exerted by the crystallization
of almost any salt in its pores, if a sufficient amount of it is
permitted to accumulate and a rapid formation of crystals is
brought about by drying; as larger crystals are formed by slow
crystallization, the same results would be obtained on a larger
scale, but in greater time if the drying were slow. Porous
stone, brick and other structural materials are disintegrated in
the same manner. Hence, in alkali regions where a concentra-
tion of salts is possible, a dense non-porous surface is essential.

‘While in the laboratory a hydraulic cement is readily de-
composed if intimately exposed to the chemical action of various
sulfate and chloride solutions, field inspection indicates that in
service these reactions are much retarded if not entirely sus-
pended in most cases, due probably to the carbonization of the
lime of the cement near the surface or the formation of an im-
pervious skin or protective coating by saline deposits.

Properly made Portland cement concrete, when totally im-
mersed, is apparently not subject to decomposition by the
chemical action of sea water.

It is not yet possible to state whether the resistance of cement
to chemical disintegration by sea water is due to the superficial
formation of an impervious skin or coating, which is subsequently
assisted by the deposition of shells and moss forming a protective
coating, or by the chemical reaction of the sea salts with the
cement forming a more stable compound without disintegration
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of the concrete, or by a combination of both of these phenomena.

Marine construction, in so far as the concrete placed below
the surface of the water is concerned, would appear to be a
problem of method rather than materials, as the concrete sets
and permanently hardens as satisfactorily in sea water as in
fresh water or in the atmosphere, if it can be placed in the forms
without undue exposure to the sea water while being deposited.

Contrary to the opinion of many, there is no apparent relation
between the chemical composition of a cement and the rapidity
with which it reacts with sea water when brought into intimate
contact.

In the presence of sea water or similar sulfate-chloride solu-
tions, the most soluble element of the cement is the lime. If
the lime of the cement is carbonated it is practically insoluble.
The quantity of alumina, iron or silica present in the cement does
not affect its solubility. The magnesia present in the cement
is practically inert.

The change which takes place in sea water when brought
into intimate contact with the cement is as follows: The
magnesia is precipitated from the sea water in direct proportion
to the solubility of the lime of the cement. The sulfates are
the most active constituents of the sea water, and are taken
up by the cement. Their action is accelerated in the presence
of chlorides. No definite sulfate compound was established.
The quantity of chlorine and sodium taken up by the cement
is so small that no statement can be made as to the existence of
any definite chloride or sodium compound formed with the
cement,

Metal reinforcement is not subject to corrosion if embedded
to a depth of 2 inches or more from the surface of well-made
concrete.

ALLOYS OF ALUMINUM

C. H. Ivinson, in the Mechanical Engineer, discusses the al-
loys of aluminum with the common and rare metals.

An alloy of 4 per cent nickel has been shown to disintegrate
in a very short time after being cast, but the introduction of
copper is an advantage. Phosphide of copper added in quan-
titites of 1.5 per cent to a zinc-aluminum alloy containing
from 12.5 to 15 per cent zinc gives fluidity to the molten metal.
Phosphide of zinc containing 25 per cent phosphorus may be
substituted in the proportion of o.05 per cent. This is one of
the best fluxing and cleansing agents the writer knows for all
aluminum alloys, and should be added to the molten alloy
for a few minutes before pouring by wrapping in paper and
plunging to the bottom of the crucible by means of tongs and
stirring briskly.

Magnesium-aluminum alloys containing 1 to 10 per cent
magnesium are much improved by the addition of 5 per cent
zine, as this addition imparts better wearing properties to the
metal and aids in producing homogeneous castings. By the ad-
dition of 1 per cent phosphide of copper less oxidation of the
metal takes place during the melting operations.

During the last few years metallurgists have been experi-
menting with some of the rarer metals, and this part of the
subject is most interesting. The writer has alloyed aluminum
with almost all the rarer metallic elements, such as cerium,
neodymium, lanthanum, tantalum, zirconium, and beryllium,
and some of these alloys gave most remarkable results even in
quantities of only 1 per cent and under. Cerium and beryllium
alloys are particularly interesting. An addition of 0.5 per cent
of cerium raises the tensile strength of the metal from 4.5 tons
per square inch to 10.3 tons per square inch, and gives an
elongation of 8.5 per cent on 2 inches. ‘This alloy was placed in
sea water and boiled for 60 hours; the sample was carefully
weighed before and after the boiling process, and there was no
loss in weight. One side of the metal was polished and, after
the boiling, was found to be untarnished. An alloy of 2 per cent
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beryllium gave a tensile strength of 11.8 tons. per square inch
with an elongation of 10 per cent on 2 inches. It was of a beau-
tiful silver-white color, and could be hammered out cold into
leaf; it also withstood the action of sea water perfectly.

Manganese, titanium, chromium, molybdenum, tungsten;
etc., form a very interesting series of alloys, either when alloyed
by themselves or in the presence of copper. Titanium and
chromium alloys are both affected by sea water and ordinary
atmospheric conditions. The former alloy, when polished in
the presence of sea water, develops white spots on the metal
which, when removed, show deep pit marks on the surface of
the metal; this applies to the alloys of chromium as well.

Tungsten has been recommended as being a suitable metal
to alloy with aluminum to resist corrosion, but the writer did
not find this very satisfactory. An alloy containing 2 per cent
copper and o.5 per cent tungsten rapidly disintegrated under
ordinary atmospheric conditions. At least 1oo different samples
of this alloy were prepared in the varying proportions of 0.2 to
5 per cent pure tungsten alloyed by itself with the aluminum, and
also in conjunction with nickel, manganese, copper, etc. The
results of some of these were disappointing.

The alloy of zinc and nickel containing 3 per cent nickel
and 0.75 per cent zirconium gave extraordinary results as far
as tensile strength was concerned, having 12.2 tons per square
inch, with elongation 9 per cent on 2 inches. Its behavior in
sea water was very extraordinary; it was boiled for 72 hours
in sea water, and when tested, after the boiling process, showed
only 4 tons per square inch tensile strength. Its fracture was
very crystalline, and it was also very brittle. Zirconium 0.75
per cent, when alloyed with aluminum without the presence
of nickel, gave the same tensile strength after the boiling process
as before, namely, 9.3 tons per square inch.

Molybdenum, when alloyed with aluminum, had the opposite
result. An alloy was made containing 1.5 per cent molybdenum
with aluminum which, after being boiled in salt water, gave a
lower tensile strength than before the boiling; but when the
molybdenum was alloyed with the aluminum in the presence of
copper. in the proportions of molybdenum 1.5 per cent and
copper 1.5 per cent, the tensile strength of the metal after the
boiling process was the same as originally.

WATERPROOFING OF CONCRETE STRUCTURES

CONCLUSIONS OF COMMITTEE ON WATERPROOFING MATERIALS OF
THE AMERICAN SOCIETY OF TESTING MATERIALS

While the committee has not arrived at sufficient conclusions
to formulate definite specifications for making concrete struc-
tures waterproof, certain results have been reached which may
be of assistance in securing impermeable concrete.

In the laboratory and under test conditions using properly
graded and sized coarse and fine aggregates, in mixtures ranging
from 1 cement, 2 sand and 4 stone to 1 cement, 3 sand and 6
stone, impermeable concrete can invariably be produced. But
the reverse often obtains in actual construction, permeable con-
cretes being found even with 1 cement, 2 sand and 4 stone
mixtures and these are of frequent occurrence where the quan-
tity of the aggregate is increased. This the committee attributes
to defective workmanship, to use of imperfectly sized and graded
aggregates, use of excessive water and lack of proper provision to
take care of expansion and contraction.

Properly graded sands and coarse aggregates are rarely, if
ever, found in nature in sufficient quantities to be available
for large construction, and the effect of poorly graded aggre-

gates in producing permeable concrete is aggravated by poor

and inefficient field work; it is seemingly a commercial impossi-
bility on large construction to obtain workmanship even ap-
proximating that found in laboratory work. In consequence
of these conditions substances calculated to make the concrete
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more impermeable—either incorporated in the cement or added
to the concrete during mixing—are often used.

The committee has investigated a sufficient number of these
special waterproofing compounds as well as certain very
finely divided mineral products, to form a general idea of the
different types.

The majority of patented and proprietary compounds tested
have little or no immediate or permanent effect on the permea-
bility of concrete and some are even injurious. The per-

- manent effect of such additions, if dependent on the action

of organic compounds, is very doubtful. In view of their possi-
ble effect upon the early strength and durability of concrete
after considerable periods, no integral waterproofing material
should be used unless it has been subjected to long-time prac-
tical tests under proper observation to demonstrate its value,
and unless its ingredients and the proportion in which they are
present are known. In general, more desirable results are ob-
tainable from inert compounds acting mechanically than from
active chemical compounds whose efficiency depends on change
of form through chemical action after addition to the concrete.

Assuming average quality as to size of aggregates and rea-
sonably good workmanship in the mixing and placing of the con-
cretes, the addition of from 10 to 20 per cent of very finely divided
void-filling mineral substances may be expected to result in the
production of concrete which under ordinary conditions of
exposure will be found impermeable, provided the work joints
are properly bonded and cracks do not develop on drying, or
through change in volume due to atmospheric changes, or by
settlement.

In large construction, no matter how carefully the concrete
itself has been made, cracks are apt to develop, due to shrinkage
in drying out, expansion and contraction under change of tem-
perature and moisture content and through settlement. Hence,
it is often advisable on important construction to anticipate
and provide for the possible occurrence of such cracks by external
treatment with protective coatings. Such coating must be
sufficiently elastic and cohesive to prevent the cracks extending
through the coating itself. The application of merely penetra-
tive void-filling liquid washes will not prevent the passage of
water due to cracking of the concrete.

While some penetrative washes may be efficient in rendering
concrete waterproof for limited periods, their efficiency may
decrease with time and it may be necessary to repeat such treat-
ment. The first effort, therefore, should be made to secure a
concrete that is impermeable in itself, and penetrative, void-
filling washes should be resorted to only as a corrective measure.

‘While protective extraneous bituminous or asphaltic coatings
are unnecessary, so far as the major portion of the concrete sur-
face is concerned, provided the concrete is impermeable, they
are valuable as a protection where cracks develop in a struc-
ture. It is therefore recommended that a combination of inert
void-filling substances and extraneous waterproofing be adopted
in especially difficult or important work of any nature. Protect-
ive bituminous or asphaltic coatings are often subject to more
or less deterioration with time, and may be attacked by injurious
vapors or deleterious substances in solution in the water coming
in contact with them. The most effective method for applying
such protection is either the setting of a course of impervious
brick dipped in bituminous material into a solid bed of bituminous
material or the application of a sufficient number of layers of
satisfactory membranous material cemented together with hot
bitumen.

Their durability and efficiency are very largely dependent
on the care with which they are applied. Such care refers par-
ticularly to proper cleaning and preparation of the concrete
to insure as dry a surface as possible before application of the
protective covering, the lapping of all joints of the membranous
layers, and their thorough coating with the protective material,
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The use of this method of protection is further desirable because
proper bituminous coverings offer resistance to stray electrical
currents.

Of course, no addition of waterproofing compounds or sub-
stances can be relied upon to counteract completely the effect
of bad workmanship, and the production of impermeable con-
crete can be hoped for only where there is determined insistence
at all times on good workmanship on all structures.

FULLER’S EARTH

The United States Bureau of Mines has just issued a pamphlet
(Bulletin No. 21) by Charles L. Parsons, on Fuller’s Earth.

Dr. Parsons states that ‘“The United States produces all of
the fuller’s earth used for refining petroleum within its borders.
On the other hand, most of the fuller’s earth used in bleaching
edible oils has been imported from England. Recently a few
of the refiners of cottonseed oil have begun to utilize domestic
fuller’s earth, whereas others have been unable to substitute
it successfully for English earth in their practice. Many samples
of American earth distinctly superior in bleaching powder to the
English earth have come to the attention of the Bureau of Mines.
For these reasons an investigation of the mining, preparation,
and use of fuller’s earth in this country, especially in its applica-
tion to edible oils, was conducted in order to ascertain why our
own raw material has been deemed inapplicable to our needs.

‘“During the calendar year 1912, according to figures of the
United States Geological Survey, there were imported into the
United States 1,970 tons of unground fuller’s earth, valued at
$11,619, and 17,139 tons of ground fuller’s earth, valued at
$133,718, these values being based on the wholesale market
price at the port of origin. The addition of transportation
charges, commissions, etc., make the price to the American re-
finer $14.50 to $16 per ton. According to the latest figures
compiled by the United States Geological Survey, the United
States in 1912 produced 32,715 tons of fuller’s earth, valued at
$305,522 or $9.34 per ton, at the mine. Most of this domestic
production was from three plants in Florida and one in south-
western Georgia and was used almost wholly for decolorizing
petroleum. A small amount from other localities was used in

~ the refining of edible oils. No figures definitely differentiating
fuller’s earth from other clays are kept in regard to our exports,
but it is certain that several thousand tons of domestic earth were
exported to Germany, and it is also true that German refiners
of edible oils have used and are using large quantities of American
fuller’s earth and have a higher appreciation of its merits than
our own refiners.

““As a result of the investigations made, the Bureau of Mines
believes that the United States has fuller’s earth far better
suited for refining edible oils than any imported, and that to
assure the almost universal use of this earth by American re-
finers there is required only a careful and intelligent technical
control of the preparation of the output and its application to
-the bleaching of oils."”

NEW CHEMICAL PROCESS FOR FIBER

A new process of manufacturing cellulose has been worked
out by Dr. J. Konig: Balsam, fir, pine, spruce, beech and oak
woods, as well as spun fibers, may be transformed into a very
fine, easily bleachable cellulose, with a cattle feed substance
residue, and the elimination at the same time of the waste
liquor troubles. ‘The Journal of the Society of Chemical Industry
(Oct. 15, 1913, p. 939) states that the disintegrated wood or
other fibrous material is steamed with four to five times its weight

~of a 3 to 5 per cent solution of ammonia under a pressure of 2
to 3.atmospheres for five or six hours. The liquor is removed
by pressing and the residue is washed with boiling water, the am-
monia being recovered by distillation of the liquors, with the ad-

» dition of lime, if necessary; resins and tannins are obtained
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from the residue from distillation. The digested material is
next steamed in a similar manner with 4—5 times its weight of
0.4 to 0.6 per cent sulfuric acid for 6-8 hours under a pressure
of 1 to 2-atmospheres. The liquors from this treatment contain
sugars, the products of the hydrolysis of hemicelluloses and pen-
tosans. ‘These liquors are neutralized either with the lime em-
ployed for the recovery of the ammonia or else with powdered
limestone and evaporated. The syrup obtained is separated
from the calcium sulfate and mixed with dry fodder, chopped
hay, brewers’ grains, bran, etc., and fed to cattle.

An alternative process consists in steaming with sodium
carbonate solution instead of ammonia in the first stage and with
hydrochloric acid in the second stage, and mixing the waste
liquors from each process so that they neutralize each other;
the sodium chloride thus formed is not injurious to the use of
the evaporated syrup as a fodder. The exhaustive alkaline
and acid treatments do not remove the lignin from the wood,
and the residue still contains over 25 per cent of lignin. ‘This,
however, is in a form which is readily oxidizable by hypochlorite
bleach liquor and the fiber is treated in stages, preferably with
dilute sodium hypochlorite, until a residue of bleached cellulose
is obtained. It is estimated that 200 pounds of wood yield six
pounds of resin (or two to four pounds of tannic acid), fifty
pounds of fodder extract rich in sugars and sixty-two to eighty-
two pounds of bleached cellulose.

SEWAGE DISPOSAL IN NEW YORK

Number 6 of the Preliminary Reports of the Metropolitan
Sewerage Commission of New York is the presentment of a
study of the collection and disposal of the sewage of the lower
Hudson, lower Fast River and Bay division. Number 7, in
the same series, includes the critical reports of G. J. Fowler, of
Manchester, England, and J. D. Watson, of Birmingham, Eng-
land, on the projects of the Commission. These experts agree
in advocating the construction of main drainage channels to
carry off the sewage of lower New York into the Atlantic Ocean.

EXHAUSTING LAMP BULBS AT HIGH TEMPERATURE

According to Scientific American (Oct. 18, 1913), a new method
is used for making a vacuum in incandescent lamps or other
glass vessels. Heretofore, to eliminate the last traces of mois-
ture and expel air bubbles which adhere to the side of the glass,
the lamps have been heated in a special furnace lined with
asbestos to equalize the heat to a temperature of 250 or 350° C.
But all the air bubbles do not detach even at this heat, and a
greater heat cannot be used for fear of softening the glass, when
the air pressure would collapse the bulbs. Quite lately the
Berlin Allgemeine Company used a vacuum process which per-
mits heating to a higher point and even softening the glass
while the lamps are on the air pumps. This is done by placing
the lamps in an electric furnace in which a vacuum is made, so
that there is scarcely any external pressure on the lamps and they
can be heated as high as 500° C. Larger end tubes can be used on
the lamps which is better for the vacuum process, but it is a hard
matter to fuse off such large tubes for closing, when they have
a vacuum inside, as collapsing may occur. An original method
is used for this, and a spiral wire electric heater surrounds the
tube so that it is softened and can be drawn out while still in-
side the furnace; the closing off of the lamp is thus effected with-
out air pressure on the outside. Then the surface is allowed to
cool down to 350° C. before opening and putting on the atmos-
pheric pressure.

CADMIUM STORAGE BATTERY PLATES

Scientific American (Oct. 18, 1913) reports that Forseke and
Aschenback use a new process for making cadmium electrode
plates for alkaline accumulators. They use cadmium obtained
in finely divided form as a spongy precipitate from a solution
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of cadmium salt. They add zinc powder to a solution of cad-
mium chloride; the precipitated spongy cadmium, mixed with
zinc powder and a small amount of oxide of mercury, is spread
upon suitable supports for m._king the battery plates. Such
porous cadmium electrodes are used in a caustic soda or potash
bath against a nickel electrode. At the first charging by cur-
rent, the mercury oxide is reduced to the metallic state and the
mercury then envelops the particles of cadmium and zinc. On
discharging the battery, the zinc dissolves out, while the cad-
mium becomes oxidized and the mercury remains in the same
state and is not affected. The zinc thus remains only tempo-
rarily in the mass, and aids in rendering it porous.

FRENCH ALCOHOL PRODUCTION AND USES

Consul General Frank H. Mason, Paris, reports that the
French Ministry of Finance has just published some very in-
teresting statistics concerning the production and use of alcohol
in France.. The total production in 1912 was 87,440,420 United
States gallons, as compared with 63,797,165 gallons in 1g11.
In spite of this enormous production, France received from
foreign countries 4,913,571 gallons of pure alcohol and liqueurs.
There was a total export trade of 8,321,370 gallons: 40,044,517
gallons were beverages, a small quantity was used for per-
fume manufacture, and 17,994,806 f;allons were denatured.
About 2,306,130 gallons were employed for mixing with
wine, and 1,490,106 gallons were used in the manufacture
of vinegar. Out of the quantity taxed for consumption, 21,903,-
701 gallons took the form of “‘eau de vie,” or brandy, 5,776,457
gallons were used for absinthe, and 282,557 gallons were used
for making perfumery. The remainder was employed in the
manufacture of different liquors. Of the 17,994,806 gallons
of denatured alcohol 12,662,483 gallons were used for heating
and lighting, while 4,113,504 gallons were employed for the
manufacture of explosives.

NATURAL GAS USED

According to B. Hill, of the United States Geological Survey,
the total estimated consumption of natural gas in the United
States in 1912 was 562,203,452,000 cubic feet, valued at $84,-
563,957, an average price of 15.04 cents a thousand cubic feet,
compared with 512,993,021,000 cu. ft., valued at $74,621,534,
an average price of 14.55 cents, in 19r1i. The number
of domestic consumers supplied with gas in the United
States in 1912 was 1,621,557 and the value of gas con-
sumed for domestic purposes amounted to $50,960,883, while
the number of industrial consumers was 15,936 and the value
of gas consumed for industrial purposes was $33,603,074. On
the assumption that 28,000 cubic feet of gas equals in heating
power 1 ton of coal, the fuel displaced by gas consumed in 1912
was equivalent to approximately 20,000,000 tons of coal.

One feature of particular interest in the year 1912 was the
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completion of the pipe line which is to convey natural gas from
the Buena Vista Hills, of Kern County, Cal., to consumers in
the city of Los Angeles and the surrounding towns.

West Virginia produced 215,785,027,000 cubic feet, valued at
$29,064,968. Pennsylvania was the largest consumer of gas,
herself producing to the value of $22,823,725, but consuming
$26,486,302 worth of gas. West Virginia, on the other hand,
consumed only about one-fourth of her output, the balance being
piped into other States.

GOLD AND PLATINUM BY THE TON

The production of pig iron in 1912 was 33,802,685 tons of
2,000 pounds each; that of platinum was 1.3 tons. The value
of the iron per ton was $12.44 as against $1,328,301 per ton for
the platinum. :

For the sake of convenient comparison and because in com-
mercial practice the various ores and metals are measured by a
variety of units such as the long, short and metric ton, flask,
avoirdupois pound and troy ounce, the United States Geological
Survey has issued a short summary of the “Production of Metals
and Metallic Ores in 1911 and 1912,” stated in terms of the
short ton of 2,000 1bs., considerable of which, however, is derived
from imported ores, bullion, etc. A comparison of the produc-
tion of some of the better known metals may be of interest.

Short tons . Value

Platinum & G iariesiions 1:304 - $1,732,221
Gold St 188.108 113,415,510
Silver s s R 4,471.4 80,187,317
Aluminum s R s et e 32,803.0 15,089,380
Quicksilveri ot it . 939.9 1,057,180
Nickel S e R e e 22,421.0 17,936,800
8 R A S i 8.4 8,850
Copperds S 734,052.0 242,337,160

PRODUCTION OF PLATINUM

Platinum is now worth $46 an ounce, against $20 five years
ago. Increased prospecting last year in the United States,
however, resulted in a total output of only 721 ounces of crude
metal. The world’'s output is estimated by the Geological
Survey in troy ounces as follows:

Ounces
Country 1910 1911 1912

3 S R e S S R R L R 275,000 300,000 300,000
Candda s i e o R e S e S T e 30 30 30
New, SouthiWales o v siae s oe 332 470 500
Colombia s e T Sy 10,000 12,000 12,000
United States, domestic crude. . ............ 390 628 721
United States, from foreign and domestic

matte and:bullion . S S aa ey it 1,000 1,200 1,300
Borneo and Sumatra and other............. 209 200

‘Lotal st DS el et N 286,961 314,328 314,751

Imports of platinum into the United States in 1912 aggregated
$4,503,682 in value.,

NOTES AND CORRESPONDENCE

SYRIAN AUTOBURNING LIMESTONE'

Several months ago, U. S. Consul Whiting, Jerusalem, Pales-
tine, reported (Daily Consular Reports, July 21, 1911) upon
the self-burning limestone found in the district of Hauran in
Syria.

Hauran is a volcanic region lying to the south of Damascus

and east of the Upper Jordan. Its surface consists of an ele-

- vated plateau made up of fertile plains and barren lava hills.
The rich plains are wheat-producing lands.

! Paper presented at the 48th meeting of the A. C. S., Rochester,
September 8-12, 1913,

A railroad running from Damascus taps this section. Mr.
Whiting, who visited this locality and inspected the industry,
gives this description: ;

“The formation occurs in beds, 20 by 3o feet thick, between
layers of ordinary limestone. The rock being soft and fulllof
crevices is easily quarried with primitive tools. When freshly
quarried the material is black and has a slight odor of petroleum.
The rock is broken into small pieces, piled against the quarry
wall and then enclosed on 3 sides with a rough wall of the same
material, making a rectangular heap 1o feet long by 10 feet
wide with a height of 2 feet in front and 6 feet in rear. Small
holes or flues are left in the wall for draft. The fire, kindled
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by flint and steel is started by a small sheaf of straw. After
12 hours’ burning, during which much black and strong smelling
smoke is given off, the rock is converted into a lime, white in
color, suitable for strong plaster and in every way superior to
brush burned lime, and is sold, on account of its low cost of pro-
duction, at much lower figure. Samples of this rock and its
lime were loaned for inspection by the Bureau of Trade, De-
partment of Commerce.

““ Another sample of the original rock was procured through
the kindness of the U. S. Consul at Jerusalem.

‘““This Syrian autoburning limestone probably belongs to
the asphaltic limestone series of Nebi Musa. These are dark
gray, bituminous limestones containing phosphoric acid and
holding fossil fish, in layers alternating with variegated red, yellow
and white marl” (Baedeker, 48, Syria: Geology).

An examination of the samples shows these characteristics:
Grayish brown color; no definite odor; soft, resembling hard
pressed and dry mud; breaks with a slight conchoidal fracture;
specific gravity, 1.74; ignites easily and burns with a smoky
flame; can be easily reduced to lime by using a crucible and
Bunsen flame. A partial analysis shows:

X;088 rdrying et ] 00 e i N oo e s o ol o o atar s s Ty n S 0.12%
G o R o A o e e R e e T e S 2.97%
Iron and alumina oxide and phosphate.............ccoivvuinnn 7.35%
Calcium AT D Om A e e el et avaee aiatew e bets ‘e aiaro e haters stais) 67.46%
M agnesi i OXId e s S e ey e s o s ataiaraistatitet Yo e o o et trace
Organicimatter N o AT e ran e e is ey it Lo 21.87%
‘otalidetermined (o ol S ori S i ta ola vt e s 99.77%
Sulfur; original limeston e o G S i il Sl E el N eih e e sia i aatd 1.94%
Nitrogen, original limestone e o st o tlsataa s raia s et s st 0.68%
Phosphoric oxide, original limestone.. ., .v.ovieiiiieieninanrnnse 1.38%

The powdered rock when extracted with chloroform yields
5.37 per cent of a thick brown extract, medium soft, tough
and of slight asphaltic odor. When dry-distilled the rock yields
5.28 per cent of a thick, yellowish oil, and alkaline liquor and
much foetid-smelling gas. Total loss on distillation is 19.53
per cent.

The heavy, black evil-smelling smoke mentioned by Consul
Whiting, and the results of our own small scale experiments
suggests the use of a modern kiln whereby valuable by-products
(unburned hydrocarbon and ammonia) may be saved.

The original limestone when burned in a calorimeter develops
3220 B. t. u. per pound or a heating value of approximately
1/, that of Ohio coal. (Calculations by Chas. E. Kohler,
Akron, Ohio.) The softness of the rock together with its
proportion of organic matter, phosphoric acid and nitrogen
should render it an important soil builder. To such an origin
may be due the reason why the Mukra wheat plains of Hauran
are regarded as the granaries of Syria,

The rock when finely ground and bolted through a roo-mesh
screen gives a compounding material suitable for use in black
rubber goods. For the purpose indicated it is of value on account
of its mull deportment and velvety rich colored compound (Ridg-
way: Color Nomenclature; Plate III, No. 2, deep clove-brown)
produced.

CHas. P. Fox

AxroN, Omro
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OBITUARY—]JULES OGIER

In the death, at the age of sixty, of Jules Ogier, past presi-
dent of the Société de Chimie and a member of the Comité
Consultatif d'Hygiéne Publique de France, France has lost one
of her most celebrated forensic and sanitary chemists. After
serving as assistant in chemistry at the Fcole supérieure de
Pharmacie de Paris, Ogier became assistant to Berthelot at the
Collége de France; and in 1883 he was appointed director of the
toxicologic laboratory in the medico-legal service of the Paris
prefecture of police.

Ogier is best known for his work in public hygiene, which in-
cluded investigations pertaining to the introduction of water
into a number of the large cities of France, the purification of
water, the disposal of the sewage of Paris, and the substitution
of zinc white for white lead. He was the author of thirty
volumes of judicial reports and of the well-known ‘“I'raité de
Chimie Toxicologique,” which appeared in 1899.

W. A. HAMOR

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS
SIXTH ANNUAL MEETING, NEW YORK, DECEMBER I0-13, I9I3
PROGRAM OF PAPERS

Meetings to be held at The Chemists’ Club.

Presidential Address. Dr. T. B. WAGNER.

Sanitary Control of the City of New York. ERNST J. LEDERLE.

A Practical Road to the Standard Catalogue. W.M. GROSVENOR.

The Commercial Applications of Ozone. A. VOSMAER.

The Sweetland Filter Press (Lantern Slides and Small Working
Model). E. J. SWEETLAND.

A New Filter Press. ALFRED BURGER.

Other papers to be presented—titles not given.

Members will attend the joint meeting of the American
Chemical Society, the Society of Chemical Industry and the
American Electrochemical Society at the Chemists’ Club.
Topic of meeting: “The Welfare of Employees in Factories.”

EXCURSIONS

Barber Asphalt Paving Company, Maurer, N. J.

Balback Smelting and Refining Company, Newark, N. J.

Sanitary Utilization Company at Barren Island. °

Willard Parker Hospital Group of Laboratories, Department
of Health of New York City. :

Hanson & Van Winkle Company.

Electro-plating and Experimental Plant, Newark, N. J.

Crucible Steel Company of America, Atha Works, Newark,
N. J. :

Chemical Engineering Laboratories at Columbia University.

Johns Manville Asbestos Company Plant, South Amboy, N. J.

ORTHO-TOLIDINE AS A REAGENT FOR THE COLORI-
METRIC ESTIMATION OF SMALL QUANTITIES OF
FREE CHLORINE—A CORRECTION

In the article under the above title, THIS JOURNAL, 5, 915,
in the table at the top of p. 917, only the third or final color in
each case refers to a precipitate, the other colors referring to

clear solutions.
S. J. HAUSER
Novna;ngk. 14, 1913

BOOK REVIEWS

Industrial and Manufacturing Chemistry: Organic. By GOEF-
FREY MARTIN (assisted by fourteen specialists). New York,

D. Appleton & Co., 1913. Large octavo, xx + 726 pp.

Martin states in his preface that this book embraces both
British and American practice and that his aim as editor has

been to cover the whole range of subjects with which the indus-
trial chemist and manufacturer are usually concerned, and to
make a book which will serve either as a text-book or as a work
of reference. 3

The book is divided into twenty-three sections as follows:
The Oil, Fat, Varnish and Soap Industry, 139 pages; The Sugar
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Industry, 35 pages; The Starch Industry, 12 pages; The Cellu-
lose Industry, 32 pages; Fermentation Industries, 104 pages;
The Charcoal and Wood Distilling Industries, 14 pages; The
Turpentine and Rosin Industry, 8 pages; Industrial Gums
and Resins, 8 pages; The Rubber Industry, 16 pages; The In-
dustry of Aliphatic Chemicals, 20 pages; The Illuminating Gas
Industry, 26 pages; Industry of Coal Tar and Coal Tar Products,
24 pages; Industry of the Synthetic Coloring Matters, 44 pages;
The Industry of Natural Dyestuffs, 6 pages; The Ink Industry,
8 pages; The Paint and Pigment Industry, 18 pages; Textile
Fiber, Bleaching and Water-Proofing Industry, 16 pages; The
Dyeing and Color-printing Industry, 34 pages; The ILeather
and Tanning Industry, 28 pages; Glue, Gelatine and Albumen
Industry, 8 pages; The Industry of Modern Synthetic and Other
Drugs, 18 pages; The Modern Explosives Industry, 34 pages;
The Industry of Photographic Chemicals, 10 pages.

Milk, cheese, condensed milk and milk powders are discussed
in the section on the fat industries. Except for incidental men-
tion in connection with fats and gelatin, no account is given of
the industry of slaughtering and meat packing, which, according
to the U. S. Census, is the largest manufacturing industry in
this country. Except for sugar and fat the food industries,
generally, are inadequately treated, the author apparently not
realizing to what extent these industx:‘ies are now coming under
chemical control.

As is to be expected in a work consisting of a collection of chap-
ters written by different persons, the text is of uneven quality.
Some of the chapters are well written and give a good conception
of the industries described; others are little more than catalogues
of the matérials and products of the industry. At the beginning
of each chapter is given a short bibliography, usually confined
to book titles and not extending to periodical literature. In
those sections in which manufacturing processes are described
there are numerous good cuts, and among these it is a pleasure
to find several which appear to be new.

On the whole, the work does not seem to be sufficiently well-
balanced or well-digested to make a satisfactory text-book,
but it appears well worthy of a place on the reference shelf.

H. C. SHERMAN

Chemistry of the Oil Industries. By J. E. SourHcoMBE, M.Sc.,
chief chemist of the Henry Wells Oil Co., Salford; lecturer
on oils and fats, Royal Salford Technical Institute, etc.
(Van Nostrand, 1913.)

This book seems destined to be popular as its two hundred
pages run nearly the whole gamut of the oil industry, embrac-
ing petroleum, shale oil, waxes, animal and vegetable oils and
their products, coal tar oils receiving little mention.

Our main utterance is not against, but because of this book.
In the past twelve months or so a number of text-books on
oils have appeared, such as the 1913 edition of Holde, Unter-
suchung der Kohlenwasserstoffole und Felte, which covers in a
somewhat more comprehensive manner the field treated by
Southcombe. Then there is a little book by Gurwitsch, Wissen-
schaftliche Grundlagen der Erdolbearbeitung, treating the subject
of petroleum in an admirable way. These with Rakusin and
several others afford. plenty of publications from the German
or Russian standpoint. Through an American publisher,
two English writers, Bolton and Revis, have just issued a book
on Fatty Foods. A recent book by Simmons and Mitchell
on Edible Oils and Fats is also a terse contribution to the subject.

In short, we have plenty of text-books or manuals from authors
on the other side, who are largely unfamiliar with the practice
in this country and often do not attempt any description of
American methods. Practically no books treating of American
practice in a satisfactory and comprehensive way exist and one
must hunt up chapters in various treatises in order to secure the
rather meagre material available. The appearance of another
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American publication by a writer from abroad, leads us to plead
for a book on the oil industry written by American experts.
A treatise in the style of Rodger’s Industrial Chemistry, but
devoted solely to petroleum, coal tar, animal and vegetable
oils and waxes, prepared in collaboration by American chemists
would be most welcome and American publishers undoubtedly
would be assured of much better sales for such a book than for
those from English writers.

But to return to Southcombe, the first chapter entitled
Introductory Organic Chemistry, although giving onea ““ Cook’s
Tour” through the subject, is really admirably written. The
chapters on mineral and shale oils are rather brief, but give
a general notion of present-day theory and practice. Benzene
is described as having a boiling point of 85° C. In the preface,
Southcombe intimates that colloid chemistry is one of the im-
portant considerations involved in the present study of oils,
but it appears that he has not discussed this phase of the subject
to a sufficient extent in view of the striking developments re-
ported. Although he describes the formalite reaction, he does
not mention the Rakusin phenomenon. ‘The subject of refined
petroleum is hardly adequately discussed.

Chapter III on the sources of saponifiable oils treats, at un-
expected length, the subject of extraction with solvents; or rather
the solvents themselves, the chemical properties of the latter
being described largely to the exclusion of a discussion of their
operative qualities. For example, data on the preparation of
tetrachloride of carbon, its specific gravity, boiling point, etc.,
is given, but no mention is made of the technically important
fact that tetrachloride of carbon decomposes in the presence of
water yielding acid which attacks the apparatus in which ex-
traction is being conducted. Nor is it stated that ethylene tri-
chloride which is now on the market and used not inconsiderably
is generally more satisfactory than the tetrachloride on the score
of stability.

The chapter which follows on technical methods of removing
impurities from crude oils and fats in some respects is deficient
from the standpoint of American practice. Only one or two
lines are given over to fuller’s earth, while considerable space
is devoted to bichromate bleach and similar bleaches of lesser
importance. Deodorizing fatty oils by treatment with super-
heated steam in partial vacuum is quite too genéral a method to
fail of mention. v

In Chapter V the topic of unsaturated acids is incomplete
for a book published in the year 1913 because only the merest
reference is made to the hardening of fats and fattyacidsby hydro-
genation. This generally regarded epoch-making development
is alluded to on page 87 as follows: ‘A number of patents have
been taken out purporting to effect the reduction by passing
hydrogen gas over mixtures of the acids and finely-divided
nickel which acts as a hydrogen carrier or catalyst.” In view
of the wide-spread adoption of hydrogenation methods we re-
gard this brief mention as inadequate.

The chapter on Analytical Methods is on the whole com-
mendatory, although some tests, such as that given for the
detection of rosin oil, could be elaborated to advantage. The
prevalent use of electric heating appliances makes it nowadays
unfashionable to illustrate Soxhlet extraction apparatus with
a Bunsen burner. On pages 134-135 photo-micrographs of
cholesterol and phytosterol could well supplement the free
hand sketches shown. The determination of melting point and
titer is not given sufficient consideration. From Southcombe’s
discussion of viscosity one would think the only method for vis-
cosity determination is by the Boverton Redwood Viscosimeter,
which, although a widely used instrument in Engl nd, is not in
general use in this country. No other viscosimeter is described
and the treatment of the subject is regarded as incomplete.
The subject of colorimetry receives no consideration.

Polymerized and blown oils and also Turkey red oils are briefly
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described under the industrial applications of fats and oils.
The distillation of fatty acids (Chapter X) and candle manu-
facture, soap-making and glycerine (Chapter XI) complete
the descriptive part of the book. A few pages of concluding
matter on ‘‘Scientific and Technical Research on Problems in
the Oil and Related Industries’’ are of considerable interest.

In spite of the foregoing comments the book is highly to be
recommended as giving, in a comprehensive form, the important
facts connected with this subject, remembering as the author
would have us, ‘‘that in so small a volume it has been impossible
to deal in any way completely with the multidude of facts and
theories relative to such an extensive subject, and the object of
the work is rather to fill the gap between the elementary text-
books of pure chemistry and the numerous technical treatises
and monographs of a highly specialized character.”

CARLETON ELLIS

Explosives: A Synoptic and Critical Treatment of the Litera-
ture of the Subject as Gathered from Various Sources. By
H. BrUnswiG. Translated and Annotated by Charles E.
Munroe and Alton L. Kibler. 350 pp. Illustrations and
Tables. John Wiley and Sons, New VYork, 1912. Price,
$3.00.

The appearance of Dr. Briinswig’s book in Germany in 1909
attracted widespread attention and much favorable comment.
As stated in the preface the object of the book is to gather to-
gether the facts recorded in the literature of explosives, arrange
them in accordance with physical chemical views, and make
a suryey of the present status of the chemistry of explosives
and its most important aims. Although many volumes have
been written on the subject of explosives from a technical stand-
point, it remained for Dr. Briinswig to collect the various data
pertaining to the scientific study of the subject and arrange them
in an exact science of the chemistry of explosives.

Primarily intended as a text-book, an extended exposition of
intricate mathematical problems related to the subject has been
omitted for the benefit of those technical workers who do not
possess an advanced mathematical knowledge but who are
interested in a scientific treatment of explosives. On the
- other hand, all strictly technical terms have been avoided that
the book may be intelligible to those who have only a theoretical
and scientific knowledge of the subject. In adapting his book
to these two classes of readers, Dr. Briinswig has produced a
work which is readable by all classes interested in the subject
—and yet at the same time is thoroughly scientific and more
deeply technical than at first reading would appear.

Dr. Briinswig is peculiarly fitted to produce such a work as
has been described above. His connection with the ‘‘Zentral-
stelle fiir wissenschaftlichtechnische Untersuchungen” at Neu-
babelsberg has brought him into close contact both with the
practical and technical use of explosives on the one hand, and
the theoretical and scientific investigations which have been
conducted, on the other. In collecting his data he has not, by
any means, confined himself to the German sources of literature
but has laid the chemical literature of all countries under contri-
bution. The German source of the book should therefore not
deter any one from its use.

The book is divided into two parts. Part I, which is by far
the larger and more important, deals with a scientific discussion
of the laws and behavior of explosive systems. The following
subjects are discussed in detail in as many chapters: Con-
ditions, governing explosive reactions, including a discussion of
exothermal reactions, sensitiveness and initial impulse; velocity
of explosive reactions, including -discussions of the influence
of temperature, pressure and catalytic agents, both on initial
velocity and velocity of propagation; pressure developed by ex-
plosions, with rate of increase and maximum pressure; tempera-
ture of explosions; gases from explosive reactions, with influence
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of pressure and temperature; explosions by influence, with both
velocity and intensity of explosive impulse; and the flame of
an explosion.

Part II describes the characteristics of particular explosives,
which are divided into propellants and blasting explosives.
This part of the work is of necessity treated briefly in order to
cover the whole ground. The details of manufacture are, of
course, not described. The treatment is confined to a brief
historical sketch of each explosive, its general properties, nature
and purpose and an indication of the method of its manufacture.

We have seldom seen a book so thoroughly indexed. A table
of contents gives at a glance the general arrangement of the sub-
jects treated. An exhaustive index, both of authors and subjects,
enables the reader to turn at once to any fact which the book
contains. An idea of the large amount of literature laid under
contribution in the preparation of the book is gleaned from the
index of authors which covers fourteen pages. Throughout
the book references to the original literature are cited so that the
book may be used as a basis for an extended investigation into
any line connected with explosives.

The translators have done their work remarkably well. It
is not a literal translation of the German form of speech and
sentence, but a sympathetic transference of thought from the
German into the English' channels. At the same time the idea
of the original is strictly adhered to. A large number of addi-
tional references and notes from American sources have been
added by the translators and this largely increases its value to
American readers.

A. M. ComEY

Allen’s Commercial Organic Analysis. Volume VII. By the
editors and the following contributors: G. Barger, Vegetable
Alkaloids; E. F. Armstrong, Glucosides; G. C. Jones, Non-
glucosidal Bitter Principles; A. E. Taylor, Animal Bases;
G. Barger, Ptomaines or Putrefaction Bases; J. A. Mandel,
Animal Acids; W. A. Davis, Lactic Acid; and Herbert Philipp,
Cyanogen and its Derivatives. Fourth edition. FEntirely
rewritten. Philadelphia, P. Blakiston’s Son & Co., 1913.
558 pp. Price, $5.00.

This edition differs from the former in having been written
by several men expert in the particular field to which the individual
chapters are devoted. This ought to be of value, since it is
difficult for any one to be so well versed in the whole field of
organic analysis as a book of this kind requires. A large por-
tion is descriptive matter rather than consisting of methods
of analyses, which will always be of value to the analyst,although
it does not conform exactly to the title of the book. The same
plan of classification and subjects discussed has been followed,
thus making it more convenient for those already familiar with
the older edition. The material has been gotten up very well,
and only a few errors were noticed such as on page 206, the defini-
tion of amic acids is rather vague, and on page 212 the term
phenyl isocyanate is used for phenyl uramino-derivative. On
the whole, the book is excellent and ought to receive a hearty
welcome by all chemists interested in this field of work.

J. M. NELSON

Natural Rock Asphalts and Bitumens.

D. Van Nostrand Co., 1913.

As stated in the preface, the book is written for those who
are desirous of obtaining a deeper and clearer insight into the
production, properties and uses of asphalts and bitumens, and
who “find that such knowledge is inaccessible, owing to the lack
of any recent English work dealing with them.” This statement
is undoubtedly correct if it alludes to publications appearing in
Great Britain, but the author apparently overlooks the fact
that during the past few years, a number of excellent books
dealing with this same subject have been published in the United

By ARTHUR DANBY.
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States which are quite accessible to the English public. In
fact, the author openly states that the two chapters on ‘‘ American
Deposits of Bitumen” have been compiled largely from Mr.
Clifford Richardson’s work ‘““The Modern Asphalt Pavement.”

The book under review is largely a reiteration of what has
been published in other works, and contains either little new
matter or the results of original research. It is written in a
semi-scientific style, and fails to impart even to the lay reader
a sufficiently lucid explanation of the physical and chemical
properties of the asphalts and bitumens under discussion, to
enable him to draw any conclusions as to what purposes they
are adapted, and to what not. Reference is made to the hypoth-
eses and conclusions of early writers, which however in view
of recent disclosures are no longer tenable. These are presented
to the reader as facts bearing on the subject under discussion,
and without any explanatory statements. Thus on pages 139
and 140 the terms ‘‘petrolene’” and ‘‘asphaltene’’ are stated
to have originated with Boussingault in 1836, who separated
the bitumen into these two bodies by distillation. The author
goes on to say that the methods now in vogue for determining
petrolene are by distilling the bitumen with water, by solubility
in boiling alcohol, or by simply heating to a temperature of 250
to 260° C. and noting the loss in weight. Any one familiar with
this subject will know that these alternative methods will fail
to give equivalent results, and are at best grossly misleading.

The author’s definitions of the terms ‘‘Bitumen,” “Pitch,”
and ‘‘ Asphalt,” proposed on page 7 are untenable and at variance
with the consensus of opinion. Thus bitumen is defined as
““substances which are found in nature * * * which are com-
pletely soluble in carbon bisulfide, but only partially so in ether,
and almost completely insoluble in alcohol * * *’ and among
other varieties are stated to include elaterite and wurtzilite.
In this connection it is to be noted, as stated above, that theauthor
recommends that petrolene be determined by the solubility
of the material in alcohol. Furthermore, it is a well-known fact
that elaterite and wurtzilite are practically insoluble in carbon
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bisulfide, and this is borne out on page 117, where the author
himself contradicts his previous statement.

The chapter entitled ‘‘Tests and Analyses” includes a number
of methods which on their face cannot possibly give reliable
results. Thus on page 138 it is stated with reference to the
determination of the mineral matter in asphalts: ‘If there
are any mineral bodies present mixed with these organic sub-
stances, they remain unchanged even when the basin is brought
to a constant white heat and that temperature sustained for a
long time.”” This would certainly tend to decompose the lime-
stone (calcium carbonate) which occurs in most of the conti-
nental rock asphalts. The method for determining the melting
point (page 141) is inaccurate, and manifestly inferior to others
in current use. Several methods are recommended for differ-
entiating between asphalts of natural and artificial origin i
spite of the fact that authorities have repeatedly questioned
their reliability.

The chapters on ‘“The Carrying Out of Rock Asphalt Work’”
and “The Carrying Out of Rock Asphalt Mastic Work” are
quite comprehensive, although the methods described are at
variance with the practice in this country. In marked contrast
to the rest of the work, the section devoted to rock asphalt
mastic work goes into the subject with the minutest detail,
both in illustrations and in reading matter. This, however,
will scarcely be of practical interest to the American reader.

Upon reading through the book, one cannot help noting the
rambling way in which it is written, and the many digressions
from the main theme.

HERBERT ABRAHAM

CORRECTION

Liquid Air—Oxygen—Nitrogen. By GEORGES CLAUDE.

The price of $1.50 quoted in our review of this book (T'His
JOURNAL, 5, 876) was a mistake. The price given by Blakiston’s
Son & Co., Philadelphia, is $5.50.

NEW PUBLICATIONS

By D. D. BEROLZHEIMER, Librarian The Chemists’ Club, New York

Ammonia, The Oxidation of, to Nitric and Nitrous Acids. By

Ep. DoNATH AND A. INDRA. 8vo. 110 pp. Price, $1.25. F. Enke,
Stuttgart. (German.)
Analysis, Industrial Organic. By Paur S. Arur. Sm. 8vo. Price,

$2.00. J. & A. Churchill, London.

Analysis, Qualitative. By F. P. TREADWELL. 8vo.

3rd English ed.

534 pp. Price, $3.00. John Wiley & Sons, New York. (Translation.)
Analysis, Quantitative, by Electrolysis. By ALEXANDER CLASSEN.
Sth ed. 8vo. 308 pp. Price, $2.50. John Wiley & Sons, New York.

(Translation.)

Analysis, Quantitative Chemical, Text Book of. By ALex. C. Cum-
MING AND SYDNEY A. Kay. Demy 8vo. 396 pp. Price, $2.00. Gurney
& Jackson, London.

Analysis, Quantitative Inorganic, A Treatise on. By J. W. MELLOR.

8vo. 778 pp. Price, $7.50.. Chas. Griffin & Co., New York.
Catalysis in Organic Chemistry. By PauL SasaTiErR. 8vo. Price,
$2.50. Paris, 1913. (French.)
Celluloid. By Piest, SticH AND VIEWEG. 8vo. Price, $2.25. Wilhelm

Knapp, Halle. ;

Chemistry, Inorganic and Organic. By CmarLEs L. Broxam. 10th
ed. 8vo. Pricé. $5.25. J. & A. Churchill, London.
Chemistry, Textbook of. By WiLLiam A. NOYES.

Henry Holt & Co., New York.

Cyanids, The Chemical Processes of Extracting Silver Ores with.
By Emm, Kuenn. 8vo. 108 pp. Price, $1.50. Wilhelm Knapp, Halle.
(German.)

Distillation, The Modern Art of. By E. WaLTER. 3rd ed.
142 pp. Price, $2.25. G. Harnecker, Frankfurt a/O. (German.)

Food Inspection and Analysis. By ArLBerT E. LEACH AND ANDREW
I. WintoN. 3rd ed. L. 8vo. 1001 pp. . Price, $7.50. John
Wiley & Sons, New York.

Fuller’s Earth. By CHARLES L. PARSONS.
of Mines, Bulletin 71.

8vo. 602 pp.

8vo.

U. S. Bureau

8vo. 38 pp.

Furnaces, Electric, in the Iron and Steel Industry. By W. RODEN-
HAUSER AND I. ScHOENAWA. 8vo. 419 pp. Price, $3.50. John
Wiley & Sons, New York. (Translation.)

Inflammability of Coal Dust, A Laboratory Study of the.
C. W. Frazer, E. J. HorFMAN AND L. A. ScHALL, Jr. 8vo.
U. S. Bureau of Mines, Bulletin 50.

Inorganic Chemistry, Handbook of the Methods of. I. By ARTHUR
STAEHLER. Vol. 5. L. 8vo. Price, $7.00. Veit & Co., Leipzig.

Metals: The Quantitative Methods for the Examination of Molyb-
denum, Vanadium, Tungsten, their Ores, Steels, Alloys and Com-

By J.
58 pp.

pounds. By H. MENNICKE. 8vo. Price, $2.25. M. Krayn, Berlin.
(German.)

Milk, Its Production, Examination, Handling and Use. By H.
TIEMANN. 8vo. 144 pp. Price, $1.50. H. Reichenbach, Leipzig.
(German.)

Organic Substances, Table of the Most Important, Arranged Ac-
cording to Melting Points. By R. KEewmpr. 8vo. Price, $1.50.
F. Vieweg & Sohn, Brunswick. (German.)

Power for Factories, Determination of the Cheapest Source of.
By KarL URBAHN. 2nd ed. 8vo. Price, $1.25. Julius Springer,
Berlin. (German.)

Pumping and Hydraulic Machinery, Modern. By Epwarp BUTLER.

8vo. 473 pp. Price, $4.50. Chas. Griffin & Co. ILondon.

Rare Earths, The Use of the. By C. R. Boeum. 8vo. $1.25. Veit
& Co. Leipzig. (German.)

Rubber: Caoutchouc and Gutta Percha Resins. By G. HiLLeEN.
8vo. 95 pp. $1.25. M. Drechsel. Berne.

Rubber, The Preparation of Plantation. By SioNEy MoORrRGAN. 8vo.
Price, $2.75. Rubber Growers’ Association, London.

Spectral Chemistry, Introduction to. By G. UrsaiN. 8vo. 215 pp.

Price, $2.50. Th. Steinkopff, Dresden. (German.) (Translation.)

Sugars and Their Simple Derivatives, The. Joux E. MACKENZIE.
Demy 8vo. 258 pp. Price, $2.00. Gurney & Jackson, London.



1034

Sulfurous Acid and its Compounds with Aldehydes and Ketones.
By W. Kzrp, et al, 8vo. 369 pp. Price, $3.00. Xaiserliches Gesund-
heitsamt, Berlin. (German.)

Textil Fibers, Textbook of the Chemical Technology of the.
By G. voN GEORGIEvVICS. 4th edition. 8vo. Price, $3.75.
mougin, Leipzig. (German.)

Water Bacteriology, Elements of, with Special Reference to Sanitary
Water Analysis. By S. C. Prescorr anp C.-E. A. WinsLow. 3rd
ed. Sm. 8vo. 318 pp. Price, $1.75. John Wiley & Sons, New
York.

Water Purification and Sewage Disposal. By J. TILLMANS.
143 pp. Price, $2.00. D. Van Nostrand Co., New York.

Waters, Underground, for Commercial Purposes. By

Vol. I.
E. Gran-

8vo.

FrRANK L.

RECTOR. 12mo. 97 pp. Price, $1.00. John Wiley & Sons, New
York. :
RECENT JOURNAL ARTICLES
Acetone, The Determination of. By W. M. MAarrrorr. Journal

of Biological Chemistry, Vol. 16, 1913, No. 2, pp. 281-291.

Alcohol and Alcoholometry, Bibliography of the Literature of.
By E. C. McELvEY. Bulletin of the Bureau of Standards, Vol. 9, 1913,
No. 3, pp. 436-474.

Alcohol, Ethyl, and Its Mixtures with Water, Density and Thermal
Expansion of. By N. S. OsBorNE, E. C. McKELVY AND H. W. BEARCE.
Bulletin of the Bureau of Standards, Vol. 9, 1913, No. 3, pp. 327—435.

Ammonia, The Inorganic Synthesis of. By OrroxaAr SERPEK. Zeii-
schrift fuer angewandle Chemie, Aufsaizteil, Vol. 26, 1913, No. 83, pp.
606-609.

Calcium, Gravimetric Determination of, as Oxalate.
Chemiker Zeitung, Vol. 37, 1913, No. 131, pp. 1337-1338,
Chlorophyll. By R. WILLSTAETTER. Zeilschrift fuer angewandte Chemie,

Aunfsatsteil, Vol. 26, 1913, No. 89, pp. 641-645.

Coals of Canada, The. ANoNyMmous. Bulletin of the Imperial Institule,
Vol. 11, 1913, No. 3, pp. 496-513.

Condensation Product, a Phenol-Formaldehyde;
Frirz PoLLak. Chemiker Zeitung, Vol. 37, 1913, No.
1234. :

Dyeing of Wool, Studies in the. By J. MERRITT MATTHEWS. Conadian
Textile Journal, Vol. 30, 1913, No. 11, pp. 347-349.

Furnaces, Electric, Their Design, Characteristics and Commercial
Application. By W. McA. JounNsON AND G. N. SIEGER. Metallurgical
and Chemical Engineering, Vol. 11, 1911, No. 11, pp. 643-648.

By S. Gav.

Juvelith. By
121, pp. 1233-
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Gas, Blast-Furnace, The Cleaning of. By W. A. Forses. Bullelin
of the American Institule of Mining Engineers, 1913, No. 82, pp. 2477—
2514.

Gas, Oil. By L. B. JONES.
No. 18, pp. 273-279 and 282.

Mercury, Occurrence, Distribution and Uses of. ANoNyMOUS.
Bulletin of the Imperial Institute,” Vol. 11, 1913, No. 3, pp. 479-495.

Metals and Alloys, Coloring Non-ferrous. By E. F. LAKE. Scientific
American Supplement, Vol. 76, 1913, No. 1973, pp. 266-269.

Milk, Qualitative Determination of Fat in. By WaLTer L. CroLL.
Biochemical Bulletin, Vol. 2, 1913, No. 8, pp. 509-518.

Nitrocelluloses, The Examination of, under the Polarization Micro-
scope. By HANS AMBRONN. Kolloidchemische Beihefte, Vol. 13, 1913,
No. 4, pp. 200-207. )

Ores: The Scientific Foundations of the Roasting Processes. By
RUDOLF SCHENCK. Zeitschrift fuer angewandle Chemie, Aufsalzleil,
Vol. 26, 1913, No. 87, pp. 646-652.

Pyrophoric Metals. By W. DEebERICHS.
1913, No. 19, pp. 370-371.

Silk, The Manufacture of Artificial, from Cotton.
Colton, Vol. 78, 1913, No. 1, pp. 28-31.

Steel Making, Fuel Possibilities in. By WiLLiam Warcnam. Coal
and Coke Operator and Fuel Magazine, Vol. 32, 1913, No. 1, pp. 595-598.

Steel, The Influence of Various Elements on the Absorption of
Carbon by. By ROBERT R, ABBOTT. Bulletin of the American Instilute
of Mining Engineers, 1913, No. 82, pp. 2389-2400.

Steel, The Over-Oxidation of. By W. R. SHmMER AND F. O. KICHLINE.
Industrial World, Vol. 47, 1913, No. 42, pp. 1255-1257.
Stone: The Modern Manufacture of Artificial Marble.
pE KEGHEL. Revue de Chimie Induslrielle, Vol. 24,

pp. 245-251.

Sugar: Recent Developments in Evaporation. By ALrrED L.
MEBRE. Louisiana Planter, Vol. 51, 1913, No. 18, pp. 306-310.

Titanium, Determination of, by Titration with Methylene Blue.
By BERNHARD NEUMANN AND ROBERT K. MURPHY. Zeilschrift fuer
angewandte Chemie, Aufsalzsteil, Vol. 26, 1913, No. 83, pp. 613-616.

Towers, Absorption and Reaction, for Chemical Works. By RupoLr
HEiNz. Chemical Engineering and the Works Chemist, Vol. 3, 1913,
No. 29, pp. 273-277.

Zinc, Condensation of, Gas to Liquid, in the Presence of Inert Gas.
By CLERC. Melallurgical and Chemical Engineering, Vol. 11, 1913,
No. 11, pp. 637-640.

American Gas Light Journal, Vol. 99, 1913,

Welt der Technik, Vol. 75,

By H. R. CARTER.

By MAURICE
1913, No. 286,

RECENT INVENTIONS

By C. L. PARKER, Solicitor of Chemical Patents; McGill Building, Washington, D. C.

Treatment of Metal-bearing Solutions. E. A. Ashcroft,
Sept. 2, 1913. U. S. Pat. 1,071,856. Zinc is obtained from solu-
tion by adding calcium cyanamid and heating the mixture.

Iron and Steel Refined by Ferrochromium Alloy. J. Buchel,
Sept. 2, 1913. U. S. Pat. 1,071,873. An expeditious and uni-
form distribution of the chromium introduced as ferro-chromium
into the bath of the metal under treatment is obtained by add-
ing carbon-free ferrochromium containing a reducing agent.

Cyanogen Compounds, etc. C. E. Acker, Sept. 2, 1913.
TU. S. Pat. 1,072,373. An impalpable amorphous carbid of some
reactive metal such as barium, lithium, calcium, strontium or
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manganese, held in suspension in and diffused through a nitro-
geneous salt, is reacted upon by a nitrogeneous reagent such as
nitrogen, nitrids or ammonia, at a temperature above 500°,

The product of the reaction is dissociated in the presence of an
alkali metal, thereby causing the carbon and nitrogen to unite
with such alkali metal to form the product sought.

Explosive. J. F. O’Brien, Sept. 2, 1913. TU. S. Pat. 1,071,049.
The composition contains potassium chlorate, naphthalene,
asphalt dissolved in crude oil distillate, powdered carbon, potas-
sium ferrocyanide and silica.

Rust Proofing Iron,
‘Steel, etc. A. Bontempi,
Sept. 9, 1913. U. S. Pat.
1,072,004. ‘The metal is
subjected to the fumes of
a fused non-corrodible
material such as zinc or
lead while maintained at
a temperature above the #
fusing point but below the
fuming point of the coat-
ing material. ‘The process
may be practiced in a mufile furnace of the character illustrated.

N
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Caoutchouc Substance. C. Harries, Sept. 16, 1913. U. S.
Pat. 1,073,116. The composition is produced by subjecting
isoprene to the'actiqn of sodium.

Explosive.

1,073,279.
nitrate, liquid binitrotoluene and sawdust.

JiueEcOBrien, s Sept. 16, ¢ 19135 2 U Sie-Pat.
The explosive contains potassium chlorate, sodium
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Portland Cement. J. W. Richards, Sept. 23, 1913. U. S.
Pat. 1,073,820. This process is designed to produce Portland
cement and iron in a single operation. A charge of iron is made
up with the raw materials for producing a lime alumina silicate
slag with an excess of limestone sufficient to produce a liquid
product having the percentage composition of Portland cement
clinker. The charge is heated in a reduction furnace having
a basic lining to a sufficient temperature to reduce the ore
and to cause the clinker to flow from the furnace in a liquid state.

Electrochemical Process. J. L. R. Hayden, Sept. 9, 1913.
U. S. Pat. 1,072,045. This process is stated to be founded upon
the patentee’s observation that the chemical activity of an elec-
trical arc is not entirely due to the high temperature existing
therein but is due in part at least to an electrical effect which
is distinct from the purely thermal action of the arc and that

a high temperature in the arc therefore represents a waste of -

energy. JIn the process a gaseous mixture to be chemically acted
upon is subjected to a low temperature arc formed between a
cathode (1) of an easily vaporizable material such as mercury and

a perforated anode (2) of some material inert under the condi--

tions, such as copper.

) i - Treating Sulfid Ores.
E. E. Banes, Sept. 16,
1913. U. S. Pat. 1,073,~
462. Finely pulverized
35 lead sulfid ore is fed con-
tinuously into a furnace
through the cores of im-
pinging blowpipe flames
whereby it is completely
volatilized and projected
in a volatilized condition
into an enveloping oxi-
dizing atmosphere. The
resulting fume is drawn
St off and the white lead
@ sublimate separated.

D

.- X B W W
Pellle

Making Iron and Steel.

J. R. Billings, Sept. 23, 1913. U. S.
Pat. 1,073,587. Powdered carbon is forced by plunger 18 down-
ward into molten iron contained in the ladle 1. Regulated
portions of this carbon escape and rise freely through the mass.
Simultaneously with this operation regulated quantities. of
oxygen are forced through passages 9 and openings 13 into the
iron, the quantity of oxygen employed being not greatly in ex-
cess of the amount required to effect the complete combustion
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of the carbon, with the production of the maximum quantity

— T L

of carbon dioxid. The molten metal while heavily charged
with carbon dioxid is converted into castings.

Synthesizing Gases. W. Siebert, Sept. 23, 1013. U. S. Pat.
1,073,823. Electric flame discharges are produced between
the rod shaped electrode / and the annular electrode b by means

of a large current of low voltage per unit distance of separation
of the electrodes. The arc is caused to rotate by means of streams
of the gases to be acted upon projected into the furnace through
the angularly disposed nozzles g.

High Concentration of Watery Nitric Acid. H. Pauling,
Sept. 30, 1913. U. S. Pat. 1,074,287. Dilute nitric acid to be
concentrated enters thé reaction column 12 through pipe 16
while sulfuric acid of 809, grade enters through pipe 17. The
falling streams are met by a countercurrent of superheated
steam which enters the column
through pipe 13. In thereaction
column the nitric acid is almost
completely separated from the
water which it contains. The
steam is absorbed by the sulfuric
acid and the latent heat liber-
ated evaporates the nitric acid
which escapes through pipe 14
into the cooling coil 19 from
which it passes into condensers
20 and 21. The acid from the 2 P
condenser 20 may be returned )
to the reaction column through pipe 22 for further treatment.
The highly concentrated nitric acid which collects in condenser
21 is drawn off through pipe 23. The spent sulfuric acid which
contains substantially all of the water originally present in the
dilute nitric acid is drawn off through pipe 15 and is concen-
trated for reuse.




MARKET REPORT

AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., FOR THE MONTH OF NOVEMBER, 1913

ORGANIC CHEMICALS

A ce e L R L e s s v re it 1Dy
Acetic’Acidi{2Biper: cent) vl she s ns sl it te C.
Acetones{deims) Hiie i in et A N TSy Lb.
Alcohol, denatured (180 proof) ................. Gal.
Alcohol, grain (188 proof)...... ... ... i i, Gal.
Alcohol, wood (95 percent).icevereeeneeasanans Gal
Ay A e bRt e T et e s S are e S Gal.
Aniline Ol e S U e e e Lb.
BenzoiciAcid i enosiiiT Rt SR OLR .Lb
Benzol (90 per cent)....... P T e S als Gal
Camphor (refined in bulk)... i oLl Lb.
Carbolic Acid (drums).......... S AN s ee by
Carbon Bisulfide e oL S i S e save Lb.
Carbon Tetrachloride (drums)......... S RN Lb.
Chloroform........ B e G e Sesite b
Citric Acid (domestic), crystals..........c.uunn Lb.
Dextrine (corn),.......... P SN R S (e
Dextrine (imported potato).......vvevenseanaas Lb.
Ether (U. S. P., 1900)
Hormuldehyde st v s i it o e e e
Glycerine (dynamite)....... :
(87 SV NG L R A s e b e ;
Pyrogallic Acid (bulk)
ESalicylic A cid i e e et
Starch (cassava).........
S O G g M R G LS A e A R R
‘Starch (potato)...........
Starch (rice)..... ...
Starch (sago)....e.vuaus.
Starch (whea t) e R e S e ale atarabie
Tannic Acid (commercial)...c. oo i il Lb.
TartariccAcid rcrystals e e s e Lb.
INORGANIC CHEMICALS
Acetate of Lead (brown, broken)...............Lb.
Acetate of Lime (gray)......covvvaean. TR (&%
AT UMD ) s ate e e st e wiole wa e ' e 5.Cy
Aluminum Sulfate (high-grade)................ (e
Ammonium Carbonate, domestic. .........vuvun Lb.

Ammonium Chloride, gray.....
Aqua Ammonia (drums) 16°...

Arseniciwhite s i im T it
Batiu Chloride S e S e
Barium Nitrate i eseTarlsGi i
Barytes (prime white, foreign).....
Bleaching Powder (35 percent)......ccvvivennn Cs
) Y TS a e s Do) B o U o S s e e T AL <. Lb.
Boraxycrystals:(bags) el iecalaini s ieatemaaiatehs Lb.
Boric Acid, crystals (powd.)......iivvenn AT Lb.
Brimstone (crude, domestic)......... R Ton
Bromine bk st Grs s i s es s ety ..Lb.
CalciuntiChloride fused s ale s v s s (@
Chalk (light precipitated)............ A B s
China Clay (imported)........ ey AR Ton
Rl d S Da T e s Srarania Ty s R R Ton
Fuller's Earth, powdered, I‘orelgn .............. Ton
i GreensVitrioli(bulk) s iRl SR (e,
Hydrochloric Acid (18") & A 3
Jodine (resublimed ) e S i n e a s Lb.
18 Y BN e R e s S R R e Lb.
T atharge CA T e CR ) e e e e et s e Lb.
Lathium:Carhonate i e B e SO TR Sthe/s Cav atats Lb.
Magnesium:Carbonatess s lv i vosa v s Lb.
‘Magnesite = Calcined e i vty o ‘Ton
Nitric Acid, 36°
Phosphoric Acid (sp. gr. 1.75). .o in oo Lb.
Phosphorus.. . s vvives P TR I e Lb.
Plastcr Gy B 5T o E s e ) A oy ) Bbl.
Potassium Bichromate, 50%. .............ccvuun Lb.
Potassium Bromide e Sinioi et rese, Lb.
Potassium Carbonate (calcined), 80 @ 85% ..... Cl
Potassium Chlorate, crystals............ ..., Lb.
Potassium Cyanide (bulk), 98-99% ........... e b;
Potassium Hydroxide,...........i . 0. e
Potassium Todide (bulk).......covuniiiininnn. Lb.
Potassium :Nitrate (crude) ool oo Lb.
Potassium Permanganate (bulk).......... e Lb.
« Quicksilver, Flask (75 1bs.) ... ccviiiiaaiiiyaan
*Red Lead (American) it Uit Se i imil el s Lbe
:Salt Cake (glass-makers') . oo o doloiviiouoaiis (e

21 @ 23
1.75 @ 1.90
131/ @ 141/2
33 @ 3§
2.48 @ 2.50
46 @ 48
2.00 @ 2.10
10 @ 101/s
23 @ 27
21 @ 23
421/ @ 44
8 @ 10
61/ @ 8
/s @ 77/s
25 @ 35
55 @ 56
3.02 @ 3.23
6 @ 7
14 @ 20
8l/a @ 91/s
1912 @ 20
7Y/: @ 7i/2
1.20 @ 1.40
25 @ 30
31/ @ 4
2,24 @ 2.90
41/; @ S
8 @ 9
233 @ 23/4
51/, @ 61/2
35 @ 36
33 @ 32
73/ @ 8
2.00 @ 2.05
1.75 @ 2.00
1520 @ 1.75
8 @ 81/2
51/s @ 61/s
2Y/, @ 21/,
3 @ 4
1.75 @ 2.00
51/, @ 51/a
19.00 @ 23.50
1.25 @ 1.30
5 @ 51/4
33/, @ 41/,
7@ 71/a
22.00 @ 22.50
30 @ 35
60 @ 9
4 @ 41/2
nominal
8.00 @ 12.00
16.00 @ 17.00
55 @ 60
1315 @ 1.55
3.55 @ 3.60
8/s @ 81/
6/, @ 6!/2
65 @ 70
21 @« 35
28.50 @ 29.50
37/s @ 41/4
21 @ 251/s
45 @ 1.00
1.50 @ 1.70
63/ @ 7
39 @ 40
3.25 @ 3.30
Y. @ 71/
19 @ 24
4.00 @ 4.25
2599 @ 3.00
42 @ 5
93/, @ 10
38.00 @ 40.00
61/2 @ 6’/4
55 @ 65

Silver Nitrate....,.... OO St isiet et e e ta Oz. 37%/s @ 38
Soapstone in bags......... OO R G Ton 10.00 @ 12.00
Soda Ash (48 per cent) 671/ @ 721/2
Sodium Acetate.............. s 33, @ 41/s
Sodium Bicarbonate (domestic). 1.00 @ 1.10
Sodium Bicarbonate (English)................ 23/, @ 3
Sodium Bichromate............ 4/s @ 51/s
Sodium Carbonate (dry)......ocuoveuevnen. 60 @ 80
Sodium Chlorate........ A Y. @ 7t/2
Sodium Hydroxide, 60 per cent . 1.55 @ 1.571/2
Sodium Hypostlite s ot e e ot (e 1.30 @ 1.60
Sodium Nitrate, 95 per cent, Spot.............. (& 2.25 @ 2.30
Sodium Silicate (liquid)..oeeeesssieerennnnrnnns (e 65 @ 1.50
Strontium Nitrate................ 3OS 8 B oY, 67/3 @ 7%/
Sulfur, Flowers (sublimed)............ TSt a Ry & 2.20 @ 2.60
Sulfur, Roll........... e ia e At T a e oty ia et G} 1.85 @ 2.15
SulfuricyAcid; 60 % Bln itk o st eenniey (e 85 @ 1.00
Talc (American). . .. teseeens e eratora sieate.clon 155 00 @ 20.00
Terra Alba (American), No. 1...... B ey (e 75 @ 80
iLiniBichloride i (502) i aiiiat ottt G Lb. 121: @ 131/2
Tin Oxide it o i SABABEES D H 45 @ 451/2
White Lead (Amencan, dry) Soiin S N o LD 51/, @ 51/2
Zinc Carbonate..... S e B A A AP B Lb. 9 @ 10
Zinc Chloride (granulated)............. RO Lb. 41/: @ 5
Zinc Oxide (American process).... Rl st et L Dy 53s @ 6%/s
Zinc Sulfate...... PR e ot N el eers fo s TavatarcloTs o aialsls Lb. 21/, @ 3
OILS, WAXES ETC.
Beeswax (pure white).......... .. ..., aiaTeesies Lb. 42 @ 45
Black Mineral Oil, 29 gravity......... Sevliratoon Gal. 131/ @ 14
Castor;Oili(IN0&3) TRt ay o s i Lb. 87/s @ 10
Ceresini(yellow) i e s es R e Lb. 12 @ 22
Cornl 01l anas ey R GO OO BT (e}, 6.60 @ 6.65
Cottonseed Oil (crudc) f. o. b mills R Gal. 45 @ 451/2
Cottonseed Oil (p. s. y.)..... TR TS st .. Lb. /s @ /4
Cylinder Oil (light, filtered)...,........ 5 ov o Gal 21Y/: @ 32
Japan Wax...... AR R TR DS I b SEBHs .Lb. 95/s @ 97/3
Lard Oil (prime winter)............ Sl B Gal 92 @ 94
Linseed Oil (raw)..... BT TS ) e oAt i Gal. 46 @ 47
Menhaden Oili(criude) st o cr s et it . Gal 35 @ —_
N eatsioot:Oil1(20.) e e e o s as Gal. 96 @ 98
Paraffine (crude, 120 & 122 m. p.)..... et e Lb. 3/, @ 33/4
Paraffine Oil (high viscosity)...... e S SRR Gal. 26 @ 28
Rosin (“F'* grade) (28C 1bS.). vt v eeusaanosvnsas Bbl. 4.20 @ 4.35
Rosin Oil (first run)......... A AT O e Gal. 27 @ 28
Shellac, T. N........ 21 @ 22
Spermaceti (cake). 30 @ 35
Sperm Oil (bleached winter), 38°%............... Gal. 72 @ 74
Spindle Oil;EN0=200 57 L ni i e KSR Gal 18 @ 19
Stearic Acid (double-pressed)..........cvvvvnes Lb. 9 @ 12
Tallow:(acidless)=ir ittt s ae i e noall 62 @ 63
Lar. Oil (distilled): Friiie oy v SR Gal. 30 @ 31
Turpentine (spirits of) ... ........o0.. e P R Gal. 47 @ 471/2
METALS
Aluminum (No. 1 ingots) ...................... Lb. 19 @ 191/2
Antimony (Hallet's)............ RO e o 7 Lb. 7/ @ 7Y/2
BiSmuth i (NewoYork) i vt o o e Lb 2.05 @ 2.10
BrONZe POWAEr ot st s e s s e s i ety @ 3.00
Copper (clectrolytic). .. @ 151/2
Copper (lake)......... @ 157/3
Tread N N e @ ii—
oS O R e e g as e R S R R S @ 55
Platinum (refined) 20 1t it o : @ 44.50
Silver...... e L L A Sy e e S Oz @ 60
I G e A D S T S ot (e @ 41.00
ZANG v L e L T e e DO R e @ S5.30
Ammoninm:Sulfate T I (&5 3.021/: @ 3.05
3 330040 s Oy U B A S s e i S e Unit 3.30 @ —_
Bone, 41/2 and 50, ground, FawW......evuevaensss Ton 27.25 @ 28.00
Calcium Nitrate (Norwegian).o...cuuivinienes (e 2.05 @ 2.10
Castorimeal HETies Sl TS A R O A R o Unit 3:30
Fish Scrap, domestic, dried............. RS Unit nominal
M owrah mea] e e o Vs ie b ey Ton nominal
Phosphate, acid, 16 percentbulk............ .. Ton — @ 6.75
Phosphate rock; f. o. b. mine:
Florida land pebble, 68 percent................ Ton= 2575 @ 3.00
Tennessee, 70-80 per cent.....vcvorvenivanesis Ton 5.00 @  S5.50
Potassium, ““muriate,” basis 80 percent......... Ton 38.55 @ —
Pyrites, furnace size, imported........... A eeunit 0.13Y/,;
D ankape high-grade e o peie o ire A m el Unit 33 25:8:1



