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PREFACE TO SECOND EDITION

The favorable reception accorded the first edition of Commercial
Methods of Analysis has led us to prepare this revised edition. In
the intervening twenty years, there have been introduced many
methods of carrying out special determinations often characterized
as the “sophisticated” methods because of their complexity. Typical
examples are infrared analysis and gas chromatography. They are
so specialized that each would require a book for any comprehensive
treatment. Therefore, it has been the judgment of the authors not
to try to introduce them.

So changes are surprisingly few. Analysis of minerals has not
changed over these past twenty years and it is improbable that it will
change over the next twenty. The same statement applies to many,
many other determinations. The refractometer shown looks differ-
ent in this edition from the model of twenty years ago but it operates
in the same way. Our thanks go to the manufacturers and dis-
tributors for many illustrations of new apparatus and equipment.

Even the comments in the preface to the first edition are equally
cogent today, so we suggest that you review it.

Foster DEE SNELL,
Frank M. BirrEN.
New York, N.Y,,
March, 1964.






PREFACE TO FIRST EDITION

Any new book in the field of analytical chemistry should present
new material, and preferably a new point of view, in order to justify
its existence. Many meritorious and deservedly well-known text-
books have been published on theoretical analytical chemistry.
This book has another purpose—to show the method of approach
to analysis of the innumerable complex commercial products exist-
ing on the market today. Many of these are colloids, some are
emulsions that may contain half a dozen ingredients besides water
and oil, a majority contain organic as well as inorganic ingredients,
and as unknown samples most of them would present problems
extremely difficult of solution by the inexperienced chemist.

In order to make the book of more universal use, standard
methods, such as those given in the ‘“Methods of Analysis of the
American Society for Testing Materials”” and the ‘“Methods of
Analysis of the Association of Official Agricultural Chemists,” have
in many cases been introduced, though often not in the exact words
of these methods. In line with the general scheme of the book,
simplifications have been adopted in some parts, and, what is
more important, explanations of steps, the reason for which is
not sufficiently clear, have been given. Standard methods are
not given in full, only such determinations as seem necessary to
the general analyst. If a sample must be analyzed in detail,
strictly in conformance with these official methods, the original
methods should be referred to. Other, usually considerably shorter,
methods are sometimes introduced.

Particular care has been taken to set forth in logical sequence
the preliminary steps that necessarily precede the actual analysis
of samples of unknown composition. Both in this and in subse-
quent procedure, an endeavor is made to clarify the meaning of
each step and often to give the reason for it. This is to develop
the inexperienced analyst into an experienced one by logical
methods, to show the importance of what may at first seem to be
unimportant details of procedure, details which, if omitted, will
in many cases lead to incorrect results. Methods are as simple
and direct as possible, compatible with accuracy. Where data
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are available, limits of accuracy are discussed as to what is desirable
and what is attainable for a particular type of sample, or sometimes
for a particular application. The practical point of view of the
commercial laboratory has been emphasized by methods that aim
at general economy of time and materials without sacrificing
reliability of results.

A feature of the book is an attempt to set forth succinetly,
frequently by stating the reactions involved, the methods of
calculating the results of determinations in order to show reason
for the formula given.

As a matter of organization, after such routine and widely used
determinations as those for nitrogen, sulfur, and halogen com-
pounds, only commercial types of samples are considered. Conden-
sation has been accomplished by profuse cross reference to methods
in other parts of the book, in nearly every case to specific portions
rather than to general paragraphs or chapters.

Special methods have been included that have been found to be
saving of both time and labor. Many modern methods of analysis
and methods for analyzing of substances of recent importance, such
as synthetic plastics and synthetic elastomers, have been included,
even when only qualitative information is available. FEmphasis
is also laid on the growing importance of the determination of
minute quantities.

The useful new branch of qualitative analysis by spot tests is
condensed to one chapter (Chap. 5). The Precision Scientific
Company of Chicago has designed a micro kit (Fig. 69) for use with
this book. It contains only the reagents required in Chap. 5.

It is hoped that this volume will prove a useful text to thestudent
who has already become familiar with the tools of quantitative
analysis and the routine methods, and who desires further training
in this field by a study of commercial products. It may also serve
as a manual to the industrial analyst whose work is not confined to
simple control operations.

Many of the methods and ideas presented here have been
developed and used over a period of two decades in commercial
laboratory operations. As with most things new in the field of
chemistry, much time, effort, and research have gone into their
making.

FosTEr DEE SNELL,
Fraxk M. BIrrEN.

New York, N.Y,,
July, 1944,
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COMMERCIAL
METHODS OF ANALYSIS

CHAPTER 1
GENERAL

If a chemist were given a commercial material of a specific type
and asked to determine its composition, he might well be in a
quandary as to how to approach the task unless he had much prior
experience with that specific type. A sample is rarely analyzed
without some general preliminary information as to its probable
composition; but, equally definitely, such preliminary information
is rarely sufficiently comprehensive to indicate all the materials
present.

The ultimate purpose to be served by the analysis is important.
Lack of this essential preliminary information may lead to much lost
time in doing unnecessary work.. How accurate need the results
be? Time should not be spent in the use of highly accurate methods
when a briefer and less accurate procedure will give all the informa-
tion needed. Conversely, and more commonly, work that is not
of adequate accuracy may vitiate all the results obtained.

Is it essential to find out everything possible about the sample,
to do a complete analysis? In many instances, proper advance
information will indicate that only part of the analysis will ever
be used. How much of the sample is ‘available? Considerable
advance planning must often be done to get the necessary results
from a small sample. Can two or three or more determinations
be made on the same portion of the sample? This must often be
known in advance to permit such use. What size of sample is
desirable for each determination? Naturally this depends on the
amount of the substance being determined, which should be known
within some general limits before proceeding. What methods are
to be used for each determination? These and many other ques-
tions must be answered by the analyst before he weighs out the
first part of the sample.

1



2 COMMERCIAL METHODS OF ANALYSIS

Purpose of the Analysis. Analyses are not made merely to be
decorated with the signature of the analyst and filed. Each has
one or more purposes. If the purpose is to present a comparison
with a competitor’s product, the approach is not the same as it is
if the analysis is to serve as the basis of determining whether the
product is of good quality, and that in turn differs from an analysis
for the purpose of permitting manufacture of a similar product.
It is necessary to find out as precisely as possible the purpose of
the analysis.

It is well at the beginning to stress what will always be tacitly
assumed throughout, that in commercial practice economy of
operation is paramount. The ability to do a thing well and effi-
ciently is ever desirable and one of the marks of a well-trained and
practical chemist; more especially is this so in applied chemistry.
Business, to be profitable, must be run on sound economic prin-
ciples. If the making of chemical analyses is a minor or major
part of that business, they, as much as any other part of the busi-
ness, must.be performed with a view to a favorable balance sheet
in terms.of time and materials,

Accuracy. To the worker who takes pride in his work—and one
who does not is not worth his salt—raising the question of accuracy
may seem almost sacrilegious. Reflection, however, will indicate
that results with accuracy to-parts per million are only occasionally
needed. In determining the amount of abrasive in a tooth paste,
for example, accuracy within 1 per cent will often be sufficient; a
tube of that brand from another batch may vary by more than that.
In determining the amount of fatty acid in a fatty oil, an error of
0.1 per cent may make the difference between the product’s being
classifiable-as an edible oil or as:semicrude for further refining. An
error of a few parts per million in the arsenic content of a dyestuff
may mean the difference between a quality suitable for certification
and an industrial dyestuff at a fraction of the price per pound.

In a check against specifications, will the person receiving a
report be grateful for a result reading to 20.86 per cent when the
requirement. is that an ingredient be between 20 and 22 per cent?
Clearly this will take longer than to obtain a result of 20.8 or 20.9
per cent, if only in longer time for weighing or longer to get the
end point in titration, and longer to calculate. So, the accuracy—
and the method—should be suited to the requirements.

It is equadlly true, and perhaps this is the more common fault,
that lack of sufficient accuracy nullifies work not only on that
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determination but on others. A short method that for other
purposes may be excellent may become but waste of time for the
sample on hand.

Poor, slipshod work will always give inaccurate results, and it
may, though it should not, be necessary to warn against this. On
no account should such work be tolerated, whether results are being
expressed as one part in ten or one part in ten million. There
are times when, to obtain any results at all, in the nature of the
case a higher degree of accuracy is obtained than is necessary.
When this is unavoidable, it should occasion no worry. '

In general, it may be said that the determination of the amounts
of an element in parts per million involves special methods that are
usually far more lengthy than less accurate procedures.

Size of Sample. This is governed by several factors. If only
a small original sample is available, more thought and ingenuity
must be used. It is remarkable how much information ean be
extracted from very small amounts of a sample by careful fore-
thought. Much real satisfaction is experienced by the worker
who is able to get all the information and accuracy required from
what would normally be called an inadequate size of sample by
judiciously arranging the order of the determinations. A certain
sense of what is best and fitting becomes part of the analyst’s
intuition, an intuition that, however, is based on logical chemical
reasoning based in turn on sound chemical knowledge. Analysis
is the application of known chemical facts in a logical sequential
manner. -

Even if the sample is sufficient, preliminary thought as to how
much to use will be amply repaid. Large samples that give bulky
precipitates and are usually unwicldy all through the analysis
should be avoided. It is well to aim at obtaining a precipitate
weighing less than 1 gram, preferably about half of that; a eolored
solution that can easily be matched; or a titration value of, con-
veniently, between 20 and 40 ml. Such figures often cannot be
obtained, and the above must be looked upon not as hard and fast
rules but rather as indicative of what may be termed optimum
conditions. Experience is the best teacher, and even a short
period can enable one to become quite expert at judging what is
required.

At the same time, too small a sample should be avoided if
possible. The experimental error becomes proportionately greater;
and, theoretically at any rate, a limit may be reached at which
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this error is equal to the actual determination. In these cases,
and also when any blank that may be made is nearly as great as
the determination, the degree of accuracy is seriously impaired.
Experimental error varies both with the worker and with the method.
In the first case, the experimental error will, with a reasonably good
worker, not be of great consequence. In the second case, a large
experimental error may be inherent in the method used. If this
is so, it is essential to become aware of the fact before employing
such a method.

Choice of Method. The many methods presented in a textbook
as available for a certain determination may well be a source of
worry. What method is best under the circumstances is a question
that can be answered only by careful attention to these methods.
First of all, if possible, find out what other substances are in the
sample. Then it may be found necessary to eliminate one or more
of the given methods as this or that other substance interferes or
may have to be removed before the estimation can be made.

If the approximate amount of the required element is known,
this may also limit the methods that can be employed. Choice
may also be made advantageously with a view to further work
that may be made on the same portion of sample. FEase of manipu-
lation and availability of apparatus may be determining factors,
and the method chosen may be decided by the required accuracy
of the result.

In any event, the methods given should be read carefully with
particular attention to the effect of interfering substances. The
whole determination may become invalid if the worker fails to pay
sufficient attention to any such particulars. This source of error
is very difficult to trace if it is supposed that a given method has
been properly followed; and not only is an inaccurate result derived
for the element under consideration, but the whole analysis may be
wrongly interpreted.

That the method selected should be thoroughly read, understood,
and followed might seem a most obvious fact. Nevertheless, it is
emphasized here because experience has shown that many errors
and incomprehensible results are traceable to careless reading
and interpretation. For the most part, there is a sound theoretical
reason for each step given, and no deviation should be made without
an equally sound reason. Unfortunately, little explanation is, as
a general rule, given as to why certain procedures are to be followed.
Even this failure may sometimes be turned to good account in that
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the worker is enabled to find out the reason for himself from theoreti-
cal considerations. With beginners, however, this is frequently
not possible, and even experienced chemists may have real difficulty
in this respect. To sum up, for this matter is of real importance,
read the method carefully, find out as well as possible the reason
for each step, and follow it faithfully. Let it be said that most
so-called short cuts turn out to be otherwise. This does not pre-
clude the possibility that an experienced person can sometimes
improve the method and modify it to suit his particular require-
ments. But that experienced person will not take the short cut
unless his experience shows it to be satisfactory, and that means
that at some time he blazed the trail.

Calculation of Results. Another matter that seems self-evident
should be mentioned. Good work needs equally good mathe-
matical interpretation. A reliable analyst is necessarily a reliable
arithmetician. One little error in calculation has wasted many a
day’s work and many a firm’s money. In working out results,
four-place logarithms are usually the preferred tool. A 20-inch
slide rule possesses nearly the same accuracy and is not unduly
expensive considering the time it saves. It is acceptable for most
commercial calculations. But even if calculated on the slide rule,
all figures used in the computation should be set down so that they
can be checked. Results should ordinarily be checked by an
associate. For this purpose a 10-inch slide rule has adequate
accuracy and saves time. Here too, the greater ease of reading
the 20-inch rule justifies the higher cost. All work sheets should
be considered a part of the analysis and filed with the original data.
A worker may have to check back on his results tomorrow or next
week or next year.

Results are usually reported as per cent and calculated to the
first or second place of decimals. To go beyond the second place in
dealing with whole percentages is a waste of effort and quite out of
keeping with the accuracy of usual methods. When the result is
entirely in a fraction of a percentage, normal accuracy to one or two
parts per thousand dictates that results be expressed as three
significant figures. Often the details of the method will indicate a
lower accuracy, and two significant places are all that are justified.

Consistency and order should be aimed at in calculating and
presenting results. Unless there is sound reason for doing otherwise,
such as that one substance is present in a comparatively large
quantity and another in a very small amount, all results of a particu-
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lar analysis should be given calculated to the same decimal
place.

As a final check on himself, a worker should make sure that the
correct conversion factor for the weight of precipitate to its deriva-
tive or the appropriate normality factor of acid, alkali, or other
titrating medium, the proper weight of sample, and the proper
aliquot of that sample have been employed.



CHAPTER 2
TOOLS OF THE ANALYST

Although the analyst is a professional man, he has his tools
just as do men in other professions, for example, the surgeon, and
an intimate knowledge of their virtues and limitations is essential.
Only some of the more important typical tools can be discussed.
Numerous illustrations are used to save space even though the
item shown may be of a well-known type.

Beakers and Flasks. The majority of operations that involve
heating are carried out in beakers or flasks. The glass of which they
are made may be divided into borosilicate and all other kinds.

Pyrex is a brand of borosilicate glass with a sufficiently low
coefficient of thermal expansion, 0.0,32 per degree centigrade, so
that it can be and is made of substantial thickness. Breakage due
to heat strain is so rare as to be properly attributable to an over-
looked crack or other defect. It is reasonably but not entirely
resistant to alkalies. It is glass, however, and will crack or shatter
on violent impact with hard surfaces.

A special low-alkali type of Pyrex is rarely referred to because
of its limited availability. A newer type, Vycor, is used as crucibles
and otherwise as a substitute for fused silica. Its coefficient of
expansion is about one-fourth that of Pyrex, for all practical pur-
poses negligible. Because of cost, it is not apt to be much used as
beakers or flasks.

Some laboratories stock only Pyrex-ware beakers and flasks;
in others a type of soft soda glass is also used. With a coefficient
of thermal expansion about three times that of Pyrex, soda glass is
best used for operations in which heating is not performed and
attack on the glass is of no great consequence. When soda glass
is used as beakers and flasks, it should be rigorously kept separate
from Pyrex; failing that, the chemist should look at the brand mark
before heating the contents. Failure to do one or the other may
result in lost time and patience.

Availability of a generous supply of glassware represents an
economy in laboratory operation. The majority of operations in

7



8 COMMERCIAL METHODS OF ANALYSIS

beakers are carried out in 250- or 400-ml. low form sizes with a
spout (Fig. 1). This is also known as a Griffin beaker. Similarly
the 250-ml. conical flask with wide or narrow mouth (Figs. 2 and 3)
possesses a wide utility. This is also known as an Erlenmeyer flask.
For titrations, such a flask possesses definite elements of superiority
to beakers. Thus the titrating medium is run in from the buret
with one hand by the experienced operator while the flask is swirled
with the other hand. Prompt mixing without danger of splashing
gives real economy of time.

Such apparently minor points as these are illustrative of many
that must receive consideration for economical operation. It will
be found that the employment of methods that are as simple as
permissible for the purpose will in the aggregate make for both speed

Fiec. 1—Low form Fig. 2.—Widemouthed F1ac. 3.—Conical flask
beaker with spout. conical flask. with narrow mouth.

and skill in performance. Good manipulative ability coupled with
the choice of equipment best suited to the job in hand is a big step
forward to success as an analyst. It is to attain this end that many
points that may appear obvious but that, as experience shows, are
often neglected are mentioned from time to time.

Volumetric Glassware. This is normally of soft glass. Little
advantage is gained by use of the initially more expensive Pyrex.

Two main classes of volumetric ware are on the market. A
certificate of accuracy within certain close limits, issued by the
National Bureau of Standards, is supplied with one class. The
other class is stated to conform to wider but still reasonably close
limits of accuracy. The former costs appreciably more than the
latter and may, especially in the case of burets and pipets, be worth
the extra expenditure. It is good practice if time and facilities
permit to purchase the latter type and calibrate it. For the
majority of purposes no further degree of accuracy than that
already present is required.
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A word as to keeping volumetric apparatus clean is in order. The
tips of pipets and burets are liable to become clogged, particularly
if solutions immiscible with water are allowed to dry in them.
Much labor is needed to clean such equipment, and often during the
process the piece may be damaged. It is time well spent to clean
such glassware just after it is used. A very fine wire, judiciously

d

Fia. 4.—Standard Fig. 5—Standard Fig. 6.—Pipets.
buret with side arm for buret.
refilling from reservoir.

applied, helps in cleaning out clogged tips. Stopcock grease or the
petroleum jelly commonly used for the purpose of lubrication should
not be applied too generously.

Normally soap and water, preferably with the addition of a
little trisodium phosphate, sodium metasilicate, or soda ash, will
serve to clean glassware. When any substantial number of chemists
are working in the same laboratory, it is good economy to accumu-
late soiled glassware and have the junior of the group, if no labora-
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tory boy is available, do a general cleaning at regular intervals, not
less frequently than daily.

Chromic acid or sodium bichromate in concentrated sulfurie
acid, often simply called “cleaning solution,” is a very efficient
cleaner, particularly if it is hot, for removal of organic contamina-
tion. Burets (Figs. 4 and 5) and pipets (Fig. 6) have a tendency to
become greasy in continuous use and should therefore be cleaned at
reasonable intervals. If this is not done, the correct volume of
liquid will not be delivered, because of surface tension effects. Hot

\ FisHER 7

1SHER ¥

F

Fic. 7.—Volumetric flasks.

concentrated sodium hydroxide solution is effective in many cases
for greasy glass or when material is burned on. It should not be
used on graduated or calibrated glassware (Fig. 7), for it will attack
glass to some extent. Care must be exercised in use of either of
these cleaning solutions, because they are very corrosive to the skin.

Glass Joints. Laboratories use relatively few pieces of equip-
ment with ground-glass joints, other than burets and separatory
funnels. The most common is a stopcock. However, nearly every
laboratory has some. By agreement among manufacturers, such
joints of more complex apparatus are of standard size and taper so
that units are interchangeable and replaceable. For such types of
equipment as are so provided, it is good economy to get the replace-
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able type. Glassware will get broken, and the purchase of a com-
plete replacement unit is thus avoided.

Watch glasses in large numbers are an essential item of labora-
tory equipment. They are of ordinary soda glass or of Pyrex.
Necessarily large and small sizes are used to fit the varying sizes of
beakers, but the major use is to cover 150-, 250- and 400-ml. sizes.
When used to prevent contamination by dust and dirt, they may
well fit closely, with steam escape provided at the spout of the
beaker. But often a beaker is covered during evaporations, to
prevent contamination and to avoid loss of material by spattering.
Then close fitting is a defect. Special glasses for this use are ridged
to hold them from contact with the lip of the
beaker other than at a few points (Fig. 8).

Equal effectiveness but less convenience is
provided by supporting the watch glass on a glass
triangle laid on the top of the beaker or by placing
three to four small glass hooks around the edge of
the beaker to support the wateh glass. In such
cases a somewhat oversized wateh glass is prefer-
able, for it furnishes better protection from Fre. 8—Ridg-
adventitious contamination by dust. Depending ed watch glass in
on the use, the watch glass may require rinsing "**
into the beaker, or even cleaning with a policeman if spattering of a
precipitate has occurred.

Stirring Rods and Ebullators. Stirring rods are a necessary
adjunct of the chemical laboratory, even if they are used too often
in titrating. One of the most common practices is to round off
each end in a Bunsen flame. Experience, and this is backed by
theory, indicates the desirability of leaving one end rough as an
aid to even boiling. Bubbles tend to form on these sharp edges.
A very useful ebullator may be made by drawing out a narrow tube
to a near capillary size and sealing about 2 to 3 mm. of it to the end
of a thin rod. When it is placed in a liquid and the liquid is heated,
just below the boiling point a fine stream of bubbles appears to issue
from the capillary and continues to issue throughout the boiling.
This is a great aid in the prevention of bumping. The ebullator
should be withdrawn while the liquid is still boiling. If it is allowed
to cool in the liquid, the vapor in the capillary condenses and it
becomes filled with liquid. Thus before the ebullator can be useful
again, the liquid must be removed. Practically, a new one must be
made.

FISHER p
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Separatory Funnels. These are of three distinet shapes, a
pear shape or conical, a tubular and a globe type (Figs. 9, 10, and
11). The pear shape is preferable when a small amount of lower
layer is to be drawn off; otherwise there is little choice. Many
standard methods specify one shape when another can be used
without introduction of error. In general a short broad stem is
preferable to a long thin one because the short stem usually drains
promptly and dripping of the liquid during handling is avoided.
There is seldom occasion to use sizes other than 250 and 500 ml.

Figc. 9.—Pear-shaped F16.10 —Tubular sepa- Fia. 11.—Globe-type
separatory funnel, ratory funnel. separatory funnel.

Wash Bottles. The wash bottle is an essential unit in analytical
chemistry. Figure 12 shows four types. The rubber tubing con-
necting the jet to the inner tube adds great flexibility in washing out
beakers. The inner tube is bent at the end so as to enable the last
portion of liquid to be blown out. Though a wicker collar is a great
convenience for use with hot-water wash bottles, strong tightly
wound cord is a satisfactory alternative. For solvents, such as
ether, that attack rubber, an all-glass wash bottle is indicated. A
number of fancy wash bottles with little gadgets attached are
available. Polyethylene squeeze bottles are very useful for un-
heated solutions. In a busy laboratory, at least one wash bottle
is kept on a hot plate to supply hot water. It is also a great
convenience to have a small wash bottle containing alcohol and
another containing ether, each labeled to save time in identifica-
tion.
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Jones Reductor. This unit permits reduction of a solution by
retaining it in a column of amalgamated zine for the required time.
The item is shown in Fig. 13. To fill the unit, place a few glass

F16. 12—Wash bottles. That at the lower right is polyethylene,

beads in the bottom of a tube having a stopcock at its lower end.
The tube should be about 30 cm. long and have an inside diameter
of about 18 mm. On the beads place a layer of glass wool and then
a thin layer of asbestos prepared for use in Gooch crucibles. Amal-
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gamate 20- to 30-mesh zine by first cleaning it with hydrochloric
acid and adding mercuric chloride to the mixture with stirring until
the zinc is well covered with mercury. This is evidenced by no
hydrogen being evolved. While capable in this condition of

Fic. 13.—Jones re-
ductor.

reducing iron, titanium, or molybdenum as effec-
tively as if it were not amalgamated, the zinc will
scarcely be acted upon by hydrochloric or sulfuric
acids. Fill the tube with this amalgamated zinc,
and on the top place a pad of glass wool. Attach
the tube to a filter flask so as to apply suction.
Thoroughly wash with water before use. The
titration of the reduced solution will usually be
carried out in this suction flask.

Policeman. The policeman is a necessary tool
to loosen precipitates from the bottom and sides
of beakers and flasks. It is of particular use in
the case of gelatinous precipitates such as silica
and aluminum hydroxide. In its elementary
form a policeman is a short, tight-fitting piece of

rubber tubing on a stirring rod. This form, as compared with the
commercial policeman, has the disadvantage that additional crevices
are provided and may lead to loss of material; it also contacts the
surface with less efficiency. Figure 14 shows four commercial types

Fie. 14.—Policemen.

of which the long, flat-ended type is the most generally useful.
When used, make sure that any precipitate adhering to the police-
man is washed off with a strong stream of water from a wash bottle.

Chemicals.

Pure chemicals are another tool of the chemist.

If possible, use reagents from the original containers in which the
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chemicals are received, thus avoiding possible contamination or error
in transfer to service bottles. Avoid service bottles with cork
stoppers. The majority of manufacturers of analytical-grade
chemicals now supply them in 1-pound bottles with plastic screw-on
tops or ground-glass stoppers. In a few instances, purchase in
larger containers and transfer to service bottles is justified by the
saving in cost. But always bear in mind that a single error may
be dangerous, will surely be expensive in terms of wasted time, and
may be expensive in many other ways.

After use, immediately replace the cap on a bottle to minimize
contamination, dehydration, or absorption of moisture. And
replace the bottle in its place on the shelf to save time not only for
others who may want to use it but also for yourself the next time
you want it. Alphabetical arrangement on stock shelves is usual
and logical.

For analytical work chemically pure (C.P.) grades of chemicals
are generally used. Some are sold as conforming to the published
standards of the American Chemical Society. C.P. is a standard
that is set by the individual manufacturer. Tolerances as to
impurities are shown on the bottle labels and must be consulted
and taken into account when traces are to be determined. In
such cases it may be necessary to run blank determinations on
even the most highly purified chemicals.

Some familiarity with other grades of chemicals is desirable.
U.S.P. grades are as specified in the United States Pharmacopoeia
and N.F. as in the National Formulary. They are either equiva-
lent to C.P. or lower in grade, to6 often the latter. The cost of
such grades of chemicals is often less than for C.P. They should
be used with caution and only when it is known that results will
not be vitiated by their use.

Technical-grade chemicals usually cost appreciably less than
the purer chemicals. They are normally not suitable in analytical
procedures. However they often are used as an adjunct to analyti-
cal procedures. In a desiccator, technical calcium chloride is
used; for freezing baths, technical sodium chloride is suitable;
technical grades of solvents such as chloroform, ether, and carbon
tetrachloride are satisfactory, provided that they leave no residue.

Every chemical necessitates precautions depending on the
material. No analytical chemical should come in contact with the
hands. And above all bear in mind that pure is a relative term.
Depending on the grade, a specified impurity may be expressible
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in the first decimal place of percentage or in the third or the fifth. It
may not be detectable. But all analytical reagents contain some
impurities. Chemically pure is a convenient expression that should
mean best quality but cannot mean exactly what it says.

Alcohol. This is one specific chemical that merits individual
consideration. Although educational institutions obtain it without
tax at under one dollar a gallon, all others must pay the tax, which
is approximately $20 per gallon of 95% alcohol. A United States
permit for purchase and storage is required; in addition many states
also require a permit. Practically all analytical procedures can be
as satisfactorily conducted with specially denatured alcohol 3A, usu~
ally called SD3A, which is tax-free. This contains 5 gallons of syn-
thetic methanol to 100 gallons of ethyl alcohol. Its purchase and
storage requires another type of permit, but a bond is not required
unless purchases exceed 100 gallons per year.

This is not the place to go into great detail. Each chemical
laboratory must maintain familiarity with Federal and state laws,
submit at least one report a month, and comply with a host of
regulations. There is no way of evading the burden. Completely
denatured grades of alcohol can be purchased without license or
regulations but are not suitable for analytical purposes.

Distilled Water. Although one is inclined to think of water as
just water, it is either a tool or a chemical according to the par-
ticular use and in part according to the point of view. Ample sup-
plies of good quality water and of distilled water are essential to any
laboratory. If the local water supply is high in dissolved solids,
over 300 parts per million (ppm.), cleaned glassware should be
rinsed with distilled water before it is set aside to dry. Very few
laboratories are small enough to be able to supply their full require-
ments for distilled water by purchase. Units for producing dis-
tilled water in the laboratory are available of as low capacity as
14 gallon per hour. The difference in original cost is small enough
so that a still of ample capacity with some margin for expansion
should be provided. This is particularly true because the best
quality of distillate is obtained by a considerable degree of incom-
pleteness of condensation.

There is no definite choice between the three trade types of
still, Barnstead (Fig. 15), Precision (Fig. 16), and Stokes (Fig. 17).
All are available in designs heated by gas, electricity, or steam. The
latter is suitable only for a laboratory in an industrial plant that has
steam the year round.
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Many laboratories use detonized water, which for most analytical
purposes is as good as distilled water. Laboratory scale apparatus
for producing this is available, including disposable units in which
the ion-exchange resin is not regenerated.

Gas Burners. Various types of burners derived from the Bun-
sen burner are standard equipment in every laboratory. In the
most elementary form, gas is regulated at the stopcock and air at
the burner. Such designs find littie use in the analytical laboratory.
The next step in development provides both gas and air adjustment

Fic. 15.—Barnstead still. Fia. 16.—Precision still,

on the burner. These burners, which are assigned different names
by different manufacturers, are about as simple a design as is useful
to the analyst (Fig. 18). "They usually do not have a grid over the
top. When intense local heat is desired, the Meker burner is used
(Fig. 19). This has a fine-mesh grid over the top, and in effect
each opening in the grid acts as a small burner. Proper regulation
of the relative gas and air supply is necessary with all these types to
avoid flashing back, the burning of gas inside the tube. The Meker
burner is often incorrectly called a blast burner. It fulfills most of
the functions formerly performed by a blast burner. Correctly the
latter is a special design of burner fed with both air and gas under
pressure, thus getting more concentrated combustion and higher
temperature (Fig. 20). For the maximum temperature, such as for
working Pyrex or hard potash glass, oxygen under pressure is sup-
plied. In the true blast burner, control of the form of the flame is
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also provided, making possible, for example, a thin hot flame for use
in some types of glassworking. Although minor glasswork is done
in the laboratory, major work is usually supplied by professionals,
because it is more accurate and, everything considered, more
economical.

A useful form of burner not in such common use is the luminous
flame, or Argand burner (Fig. 21).
This type is most useful when low-
temperature ashing is required.
With careful use, complete ashing
may be done efficiently with an
Argand burner far below red heat.
More evenly distributed heat is

Fra. 17.—Stokes still. F1a. 18.—Bunsen b,urner with gas and
air control.

obtained, and combustions of many samples may be performed
without fusion, which might otherwise cause trouble.

In all these comments, it is assumed that usual city gas supplies
are available such as carbureted water gas, coke-oven gas, or natural
gas diluted with inert gas. These all have about the same heating
value, around 500 B.t.u. per cubic foot. In many regions undiluted
natural gas or gas from pentane in steel bottles is used. Adjust-
ment to provide more air relative to the gas is required. Special
burners for such gases are available, but the usual types are adjust-
able to fit their use.
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When work is being concentrated in a limited area of work-
bench, the number of gas outlets is often less than the number of
burners required. This is easily provided for by connecting two or
more burners to a single outlet with a T or Y in the tubing. They
are then individually controlled by the gas control on the burner.
Safety dictates that all be turned off at the gas cock when the last
person leaves at night and that each burner on a line be inspected
when the cock is open, to avoid escaping gas.

Triangles. In elementary chemistry, triangles in many cases
consist of iron wire with unglazed porcelain protectors on the three
sides. For continuous use these are uneconomical. Also the

RN

Fic. 19.—Meker Fia. 20.—Blast burner. Fig. 21.—Argand
burner. burner.

porous porcelain absorbs anything spilled on it and thereafter will
leave a mark and often a weighable deposit on porcelain or platinum-
ware. For utility, triangles are preferably made of Nichrome wire.
Very resistant to oxidization, this wire is comparatively thin, but
strong, and allows the gas flame to reach practically every part of the
crucible or dish.

Wire Gauzes. These similarly are often of iron, with or with-
aut a round asbestos central area. But wire gauzes, like triangles,
are preferably made of Nichrome wire. A cost of six to eight times
that of plain iron gauze is offset by a life exceeding that ratio many
times. When distribution of heat is required, a piece of asbestos
paper on such a gauze is both inexpensive and effective.

Filter Paper. The filter paper is a necessary adjunct in filtra-
tion. Both time and expense are economized by selection of the
grade best suited to the purpose. The best known are the What-
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man grades, of English manufacture, which will be used for illus-
tration. Three general broad qualities are purchasable: qualitative,
semiquantitative, and quantitative grades.

The qualitative grade is hydrochloric acid-washed and is used for
work when the ash weight is unimportant. No. 1 is for filtering
precipitates of average fineness. No. 2 is thicker and therefore not
so rapid-filtering. Both are recommended for all-round qualitative
use. No. 3 is thicker still and is used for very fine precipitates and
for Biichner funnels. It is fairly resistant to alkalies. No.4 is soft,
open, and rapid-filtering and is recommended for gelatinous precip-
itates. No. 5 is tough, hard, and of close texture and may be used
with a vacuum with little fear of breakage. All these grades may be
used when the precipitate is to be saved but redissolved, when it is to
be titrated, but not when it is to be ignited and weighed. Folded
filters, which fit a funnel in a series of ridges, permit more rapid
filtration but are relatively expensive. They are rarely applied in
quantitative work because of the difficulty of washing the precipi-
tate on them.

The semiquantitative grade is also hydrochloric acid-washed and
is useful for quantitative work when the lowest weight of ash is not
important. No. 30 is retentive and rapid-filtering and is used in
routine determinations. No. 31 is rapid-filtering and is recom-
mended for gelatinous precipitates. No. 32 is retentive, of close
texture, and may be used for the filtration of fine precipitates. The
ash of an 11-cm. circle in each case weighs just over 0.0003 gram.

Quantitative filter paper is of practically pure cellulose fiber.
The pulp has been washed with hydrochloric and hydrofluoric acid
until it is substantially free from silica and other inorganic sources of
ash. Such papers are always properly stored in the box in which
they come, which carries on the back a statement of the ash content
per unit. 'They should be used in exact quantitative work when the
ash weight is important and should usually give a weight of ash in
the fourth decimal place, frequently in the fifth. Correction for
the ash introduced by the paper is therefore rarely applied, the cases
being those of unavoidable ignition of amounts of precipitate of the
order of less than 10 mg.

Whatman No. 40 is probably the most used general paper.
It will retain well-digested barium sulfate precipitates. For gelati-
nous precipitates such as iron and aluminum hydroxide or silicic
acid, a more open texture is provided in No. 41. It must be handled
carefully te avoid breaking and is entirely unsuited to fine precipi-
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Abbé refractometer, 54
Abrasives in emulsions, 546, 553-554
Absorption bulbs, Hempel, 606
Accelerators, rubber, 588
ammonia-type, 589
nitroso-type, 589
Accuracy, 2
Acetate rayon, 647
identification of, 641
Acetone, detection of, 436
Acetone extract from rubber, 562
Acetyl value of fats and oils, 351
Acid, effect of, 79
Acid-soluble compounding materials in rub-
ber, 577
Acid sulfites, 172
Acid titration of sodium bicarbonate, 261
Acid value, of fats and oils, 341
of fatty acids of soap, 396
of plasticizers and oils of lacquers, 480
of waxes, 429
Acidity, of paper, 623
of water, 233
Acrolein test for glycerol, 466
Adurco wax, 428
Air bomb test on rubber, 582
Albumen test for phosphates, 258
Albuminoid nitrogen in water, 240
Alcohol, 16
denatured, 457-458
in emulsions, 552
Alcoholic potassium hydroxide, 725
Alcoholic sodium hydroxide, 725
Alcohols, 457
hydroxyl value of, 439
thonohydrie, detection of, 438
estimation of, 439
sulfated, 367
Alcoholic potash extract from rubber, 563
Aliphatic amines, 141
Alizarin as test for aluminum, 86
Alkali, effect of, 79
metal perchlorates, 135
neutralization number, 680, 682
Alkalies, in cement, 277
fixed, and alkaline salts, 254
Alkaline builders in soap, 401
Alkaline permanganate solution, 241
Alkaline salts, 254
Alkaline silicates in soaps, 402
Alkaline titration of sodium bicarbonate, 261

Alkalinity, of paper, 623
of water, 231
of water-soluble matter of soap, 386
Alkaloids as rubber accelerators, 590
Alloy steel, copper in, 294
manganese in, 286
silicon in, 292
sulfur in, 290
Alloys, aluminum, 311
copper-base, 323
Alpha cellulose in paper, 625
Alumina cream, 718
Aluminon, 87
Aluminum, 311
by alizarin, 86
by aluminon, 87
bismuth in, 313
in bismuth, 314
chromium in, 319
copper in, 313
in copper and lead, 314
by difference, 205
iron in, 312
lead in, 313
manganese in, 316
micro test for, 84
nickel in, 320
as oxide, 191-194
as phosphate, 193
silicon in, 311
tin in, 321
titanium in, 313
zine in, 313, 315
Aluminum alloys, 311
Aluminum hydroxide suspension, 718
Aluminum metal, analysis by hydroges
evolution, 612
Aluminum oxide, phosphorus absent, 191
Alundum ecrucible, 23
Amides as rubber accelerators, 583
Amine soaps, analysis of, 403
Amines, aliphatic, 141
aromatic, 142
in emulsions, 553, 555, 558
nitrous oxide test for, 141
primary, 141
primary aromatic, 142
as rubber accelerators, 589
secondary, 141
tertiary, 141
by titration, 147
Ammonia, and amines by titration, 147
combined, by distillation, 149
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Ammonia, free, 148
in latex, 584
by Nessler reagent, 88, 145
in the presence of organic amines, 149
by silver nitrate and formaldehyde, 88
soaps, analysis of, 403
test for, 86
by titration, 147
and volatile amines, 140
in water, 240
Ammonia- and magnesium-free water, 146
Ammonia-type rubber accelerators, 589
Ammonium acetate reagent, 718
Ammonium ferrocyanide, 92
Ammonium mercuric thiocyanate method for
zine, 315
Ammonium molybdate reagent, 718
Ammonium molybdate test for phosphates,
258
Ammonium polysulfide reagent, 718
Ammonium thiocyanate, standard, 725
Amorphous paraffins, 427
Amyl alcohols, Pettenhoffer furfural reaction,
465
Analysis, of ammonia and amine soaps, 403
of ash of water, 228
of heavy-metal soaps, 407
of rubber, 573
of dissolved solids, 228
of fibers, 632
of light-colored greases, 411
purpose of, 2
of total solids of water, 228
Analyst, tools of, 7
Analytical balance, 27
Analytical weights, 30
Analyzer, gas, Bureau of Mines design, 612
portable gas, 611
Aniline point, of petroleum products, 678
of waxes, 431
Animal fats, phytosterol in, 362
Animal fiber, 634, 635
artificial, 638
Anions, qualitative, 106
Antimony, and arsenic by distillation-volu-
metric method, 333
in the ash of rubber, 569
in copper-base alloys, 333
electrode, 113
micro test for, 83
oxide, 513
by rhodamine B, 88
in rubber, 568
by 2-methylbenzothiazole, 89
API hydrometer, 47
Appuratus, Hempel, 604
micro, 82
Approximate melting point, 49
Aromatic amines, benzenesulfonyl chloride
test for, 142
secondary, 142
Aromatic hydrocarbons, 443
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Arsenic, and antimony by distillation-volu-
metric method, 333

as arsenate by silver nitrate, 89

in copper-base alloys, 333

Gutzeit method, 208

by mercuric bromide, 89

micro test, 83

in paper, 624
Artificial animal fiber, 638
Artificial wool, 638
Asbestos, microscopic, 186
Ash, of coal, 598

analysis of, 602

on dissolved solids, 228

and driers in paint, 470

of greases, 408

of lacquers, 478

of latex, 585

in paper, 614

of rubber, 566
Assay flask, 577
ASTM distillation equipment, 666
Aurin tricarboxylic acid, aluminon, 87
Austenitic steel, phosphorus in, 288
Automobile cleaner, 550
Automobile polish, 550
Available chlorine by sodium arsenite, 136
Azo compounds, 115

B

Babcock bottle, 674
Balance, analytical, 27
chainomatic, 28
rough, 27
Westphal, 48
Balata, 586
Balata hydrocarbon, separation from rubber,
587
Ball and ring apparatus, 52
melting point, 52
softening point, 52
Barium carbonate in rubber, 573
Barium hydroxide, standard, 725
Barium, micro test, 85
in minerals as sulfate, 189
by rhodizonic acid, 89
by sodium rhodizonate, 90
Barium sulfate in rubber, 578
Barley starch, 652
Basic lead acetate reagent, 718
Basic lead carbonate,lead as lead chromate, 501
lead as lead sulfate, 501
Basic lead sulfate, 503
Baumé hydrometer, 46
Bayberry wax, 424
Beaker, Griffin, 8
Beakers, 7
Bean starch, 651
Becké test, for refractive index, 60
Beeswax, 424
Bentonite, in emulsions, 553
microscopic, 185
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Benzine, 663
a-Benzoinoxime, 94
Benzyl alcohol, 467
Beryllium, by quinalizarin, 90
Beta cellulose in paper, 625
Bichromate method for glycerol, 397
Bierer-Davis oxygen bomb test for rubber,
581
Bismuth, aluminum in, 314
in aluminum, 3813
by 8-hydroxyquinoline, 91
micro test, 83
by oxychloride method, 314
by thiourea, 91
Bismuthate method for manganese, 284
Bituminous material, 705
Bleach, sodium hypochlorite, 136
Bleached fibers, 631
Blowdown, 226
Blue, Prussian, 533
Boiler contents, 226
Boiler feed water, 226
Boiling range, of solvents, 446
of thinners, 446
Bomb method for sulfur in petroleum, 678
Borate, by curcumin, 107
methanol flame test for, 258
by methyl alcohol, 106
Borax buffer, 119
Boric acid buffer, 119
Bottles, weighing, 38
Bright’s stain, 631
Brix hydrometer, 47
Bromate, by manganous sulfate,
acid, and benzidine, 107
Bromate method for tin, 321
Bromothymol blue indicator, 717
Bromine value of fats and oils, 346
Buckwheat starch, 653
Buffer, borax, 119
borie acid, 119
citric acid, 120
disodium phosphate, 120
hydrochloric acid, 118-120
monopotassium phosphate, 119
potassium acid phthalate, 118-120
potassium chloride, 118-120
sodium carbonate, 119
sodium hydroxide, 118-120
Buffer mixtures, 118-120
Buffer solutions, 117
Builders in soap, alkaline, 401
Bulkiness of heavy-metal soaps, 407
Burets, 10
Burner, Argand, 18
blast, 17
Bunsen, 17
gas, 17
Meker, 17
Butanol, 463

sulfuric
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C

Cadmium, by dinitrodiphenylcarbazide, 91
micro test for, 83
by  p-nitrobenzenediazoaminoazobenzene,
91
Cadmium sulfide, 533
Calcium, by ammonium ferrocyanide, 92
in cement, 276
and magnesium in aluminum, 317
micro test for, 85
as the osazone of sodium dihydroxytartrate,
92
as oxalate, phosphorus absent, 216
phosphorus present, 217
Calcium chloride solution, standard, 235
Calculation, of iron pigments, 529
of mixed thinners, 450
of results, 5
of results on mixed white pigments, 518
of rubber hydrocarbon, 574
Calorimetric determination on coal, 602
Candelilla wax, 426
Carbon in coal, 598
Carbon dioxide in gas, 608
Carbon monoxide, determination of, 609
Carbon residue of petroleum, 686
Carbon steel, copper in, 294
manganese in, 284
molybdenum in, 302
nickel in, 296
phosphorus in, 288
silicon in, 291
sulfur in, 290
titanium in, 309
total carbon in, 282, 283
vanadium in, 301
zirconium in, 310
Carbonate and noncarbonate hardness of
water, 234
Carbonates, by evolution, $24
in soaps, 403
test by acid, 256
Carnauba wax, 426
Casein on paper, 615
Cast iron, chromium in, 299
copper in, 294
graphite in, 284
high-nickel chromium-alloy, 300
manganese in, 286, 288
molybdenum in, 303
nickel in, 296
phosphorus in, 289
silicon in, 292
sulfur in, 290
titanium in, 309
vanadium in, 301
zirconium in, 310
Catechol and sulfuric acid, colors developed
with, 466
Cations, tests for, 86
Cellulose in rubber, 572
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Cement, 275
alkalies in, 277
aluminum in, 276
calcium in, 276
calculation of original composition, 279
free lime in, 277
insoluble residue of, 276
iron in, 276
iron oxide in, 276
loss on ignition of, 275
magnesium in, 276
phosphorus in, 277
soluble silica in, 276
sulfur trioxide in, 276
Centrifuge, 33
Ceresin, 426
CH, 112
Chainomatic balance, 28
Chemicals, 14
chemically pure, 15
technical-grade, 15
U.S.P., 15
Chinese insect wax, 426
Chloramine in water, 250
Chlorates, chlorides and perchlorates, 136
and perchlorates, 135
quantitative, 134
reduction with ferrous sulfate, 135
reduction with sulfurous acid, 135
reduction with zinc, 135
spot test for, 107
by sulfuric acid, 127
Chloride, gravimetrically, 128
nephelometrically, 229
in soap, 400
volumetric with sodium chromate indicator,
130
volumetric with dichlorofluorescein indi-
cator, 130
volumetric with thiocyanate indicator, 131
in water, 228
Chlorides, chlorates, and perchlorates, 136
Chlorinated hydrocarbons, bomb method, 442
detection of, 440
fractionation of, 452
quantitative methods, 441
Chlorine, available, by sodium arsenite, 136
Carius method, 131
demand of water, 248
by orthotolidine, 246
sodium peroxide fusion method, 134
total, 137
Chlorite, qualitative, 128
Chloroform extract from rubber, 563
Chloroplatinate method for potassium, 221
Cholesterol in vegetable fats, 362
Chromate, indicator, 717
lead, 529
zincy, 532
Chrome green, 537
Chrome yellow, 529
Chromic oxide, 539
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Chromium, in aluminum, 319
in cast iron, 299
by diphenylcarbazide, 93
by ferrous ammonium sulfate, 319
by ferrous sulfate titration, 530
in high-chromium high-nickel steels, 298
in high-nickel chromium-alloy cast iron, 300
in high-nickel steels, 298
in low chromium steels and irons, 299
micro test for, 84-85
as silver or lead chromate, 93
Chromium-alloy cast iron, chromium in, 300
Chromium-nickel steel, manganese in, 287
phosphorus in, 288
Chromium steel, 297
Chromium-tungsten steel, manganese in 287
Chromium-tungsten-vanadium steel, vanad-
jum in, 301
Chromium-vanadium, stainless and similar
steels, manganese in, 285
Chromium-vanadium-molybdenum steel,
manganese in, 287
Chromium-vanadium steel, manganese in, 287
phosphorus in, 289
vanadium in, 300
Chromometer, Saybolt, 708
Citric acid buffer, 120
Clarification of sugar solutions, 657
Clay, microscopic, 185
Cleaner, automobile, 550
Cleaning solution, 10
Cleveland open-cup tester, 671
Cloth for rubberizing, copper and manganese
in, 585
Cloud point, 683684
of petroleum products, 684
Cloud and pour point, apparatus for, 684
of petroleum products, 683
Coal, analysis of, 596
ash of, 598
calorimetric determination on, 602
carbon in, 598
fixed carbon in, 598
hydrogen in, 598
moisture in, 597
nitrogen in, 601
phosphorus in, 601
preparation of sample, 596
proximate analysis of, 597
sulfur in, 598
ultimate analysis of, 598
volatile matter in, 598
Coal ash, analysis of, 602
Cobalt, by ammonium thiocyanate, 93
in cobalt steel, 306
micro test for, 85
by zinc oxide-a-nitroso-8-naphthol method,
306
Cobalt oxide, 536
Cobalt steel, cobalt in, 306
Coconut fibers, differentiating, 645
Cold alcohol, solubility of waxes in, 432
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~ua titration of sodium carbonate, 260
Coliection of samples, water, 227
Color, of petroleum produets, 708
of water, 243
Color changes, 116
Color standards, for free chlorine, 247
for petroleum oils, 709
Colored pigments, 522
Colorimeter, 61
Dubosecq, 63
Wesson, 66
Colorimetric pH, 113, 121-122
Colorimetry, balancing method, 63
dilution method, 61
duplieation method, 62
Colors, mineral, 522
“ombined alkali in soap, 387
Combined ammonia by distillation, 149
Combined nitrogen, 140
Commercial glucose, approximate
metric methods, 660
Commercial gums, qualitative reactions of,
545
Commercial metallic soaps, constants of, 409
Commercial silicas, silica in, 191
Comumercial solvents, constants on, 455
Common fats and oils, fatty-acid distribution
in some, 338
Common indicators, 116
Comparison of pH with buffers, 115
Compounding ingredients of rubber, sulfur in,
579
Compounds, rubber, 559
sulfur, 157
Concentration, hydrogen-ion, 112
Concrete, 278
Coniferous fibers, 631
Conradson apparatus, 687
Conradson carbon residue, 686
Consistency of lubricating greases and
petrolatum, 418
Constants, on commercial metallic soaps, 409
on commercial solvents, 455
on waxes, 425
Copolymers, as synthetic elastomers, 592
Copper, in alloy steel, 204
in aluminum, 313
by a-benzoinoxime, 94
in carbon steel, 294
in cast iron, 294
colorimetrically, 206
electrolytic method, 323
micro test, 83
in open-hearth iron, 294
in pigments, 528
by salicylaldoxime, 94
in steel, 293
in wrought iron, 294
Copper number of paper, 621
Copper phthalocyanine, 537
Copper steel, titanium in, 308

polari-
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Copper and lead, aluminum in, 314
electrolytic method, 326
Copper and manganese, in eloth for rubberiz-
ing, 585
in rubber, 585
Copper-base alloys, 323, 327
antimony in, 333
arsenic in, 333
iron in, 330
nickel in, 333
phosphorus in, 331
tin in, 329
Corn starch, 650
Corrosive sulfur compounds, 672
Cotton, 642—643
determination of, in mixtures, 646
differentiating new and old, 643
Cover odors in emulsions, 547
Crankease oils, dilution of, 707
Cross sections of fibers, examination of, 641
Cross sections of textile fibers, 634
Crucible, alundum, 23
filter, 22
glass, filter, 23
Gooch, 22
plain, 24
porcelain, 24
Crude petroleum, 663
topped, 665
weathered, 665
Crude shale oil, 663
Crystalline silica, microscopie, 177
Cubé root, rotenone in, 713
total ether extract in, 716
Cupferron-phosphate method, for zirconium,
310
Cuprammonium rayon, differentiating viscose,
642
identification of, 641
Cuprammonium solution, 644
Cyanide, Liebig method, 155
Volhard method, 154
Cyanin, 644
Cylinder method for unsaponifiable matter,
348

D

Dean-Stark tube, 41
Deciduous fibers, 631
Decomposed silica, microscopic, 179
Denatured alcohol, 457-458
Denige's reagent, 710
Density of solids, 48
Derris root, rotenone in, 713

total ether extract in, 716
Desiccants, 26
Desiccators, 26
Diatomaceous earth, 180
Diatomite, 180
Diethylene glycol, 467
Differentiating animal from vegetable fibers,

634
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Dilution of crankcase oils, 707
p-Dimethylaminobenzylidenerhodanine, 96,
98, 101
Dimethylglyoxime, method for nickel, 320,
333
reagent, 718
Dinitrodiphenylcarbazide, 91
Diphenylcarbazide, 93
«,a’-Dipyridyl, 95
Dirt and fillers in gutta percha, 587
Disodium phosphate, 266
buffer, 120
Dissolved oxygen in water, 241
Dissolved solids, ash on, 228
in water, 227
Distillate, engine, 663
Distillation, of emulsions, 555
fractional, 72
volumetric method for arsenic and anti-
mony, 333
Distillation equipment, ASTM, 666
Distilled water, 16
Distilling head, Hempel, 72
Dithizone method for lead, 211
Doctor test on oils, 673
Dropping point of grease, 421
Dry extraction of unsaponifiable matter, 350
Drying ovens, 30
Duboseq colorimeter, 63

E

Ebullators, 11
Elastomers, synthetic, 581, 590-592
Elastothiomers, as synthetic elastomers, 592
Electric hot plates, 32 -
Electrode, glass, 123

hydrogen, 113

Electrodeposition apparatus, 34
Electrolytic method, for copper, 323
for copper and lead, 326
for lead, 327
Electrometric titration, 112, 125
Emulsifying agents, 542
Emulsions, abrasive in, 546, 553-554
alcohol in, 552
amines in, 553, 555, 558
bentonite in, 553
containing suspended solids, oil-in-water,
550
cover odors in, 547
distillation of, 555
emulsifying agents for, 542
free ammonia and ammonium soaps in, 5556
free from suspended solids, oil-in-water, 547
glycerine in, 553
miscellaneous ingredients in, 547
modified separation method for, 549
oil-gum, 550
oils in, 552
petroleum naphtha in, 546

COMMERCIAL METHODS OF ANALYSIS

Emulsions, pigments in, 546
residue in flask from, 555
resins and fatty acids in, 557
saponifiable oils in, 546
separation of, 548
separation by extraction of, 549
soap fatty acids in, 554
solvent in, 553
titration of soap in, 555
total ammonia in, 555
types of, 541
unsaponifiable oils in, 546
water-dispersible gums in, 553
water-soluble liquids in, 547
water-soluble matter in, 549
wax, 540
waxes in, 553, 557
with and without suspended solids, water-
in-o0il, 553
Engine distillate, 663
Ester value of fats and oils, 344
Esters, detection of, 435
estimation of, 435
Ethanol, 457, 459
hydrometer method, 460
immersion refractometer method, 460
methanol in the presence of, 462
volumetric method, 458
Zeiss immersion refractometer readings, 464
Ether alcohols, detection of, 440
estimation of, 440
factors for calculation of, 441
specific gravities of, 441
Ethyl xanthogenate, potassium, 99
Ethylene glycol, 467
Evolution method for carbonates, 224
Explosion bulbs, Winkler, 609
Extenders, 496, 509
bulking value of, 498
specific gravity of, 498
Extraction, Soxhlet, 67
Extractor, rubber, 63

F

Fats and oils, acetyl value of, 351
acid value of, 341
bromine value of, 346
ester value of, 344
insoluble acids in, 356
iodine value of, 345
Maumené number of, 364
melting point of, 353
peroxide value of, 354
physical and chemical constants of, 365
ratio of saturated and unsaturated fatty
acids in, 357
refractive index of, 341
saponification value of, 343
soluble and insoluble acids in, 355
specific gravity of, 341
thiocyanogen number of, 361
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Fats and oils, titer value of, 352 Fixed alkalies and alkaline salts, 254
unsaponifiable matter in, 347 Fixed carbon in coal, 598
volatile matter in, 340 Flame reactions, sample, 77
water-insoluble volatile acids in, 357 Flash point, 669, 671
water-soluble volatile acids in, 356 Flask, Erlenmeyer, 8
Fatty-acid distribution in some common fats  Flasks, 7
and oils, 338 Flax, differentiating flax and hemp, 644
Fatty acids, from plasticizers, 482 Floor wax, no-rub, 556
of soap, acid value of, 396 Flue gases, Orsat apparatus, 611
jodine value of, 396 Fluorescence of new cotton, 643
Feldspar, microscopic, 184 Fluoride, in water, by zirconium-alizarin, 250

by zirconium-alizarin, spot test for, 108
Fluoride standard for water, 251
Fractional distillation, of solvents, 446, 448
of thinners, 446
Fractionation, 72
of chlorinated hydrocarbons, 452
of hydrocarbons, 452
of hydrocarbon fraction, 450
of solvents soluble in 80 per cent sulfurie

Ferric iron, by potassium ferrocyanide, 94
by potassium thiocyanate, 95
Ferric nitrate indicator, 717
Ferricyanide, 156
by benzidine, spot test for, 108
Ferrocyanide, 155
by uranyl acetate, spot test for, 108
Ferrocyanide method for zine, 504
Ferrous ammonium sulfate, standard, 726

N ; 1e s acid, 451
Ferrous iron, by «,a'-dipyridyl, 95 Free acid, in greases, 416
by potassium ferricyanide, 95 in soap, 384

Ferrous metals, sampling, 282
total carbon, 282 in soap, 384
Fibers, 632, 645 Free ammonia and ammonium soaps in
analysis of, 632 emulsions, 555
animal, 634-635 Free carbon in rubber, 569
artificial animal, 638 Free carbon dioxide in water, 234
bleached, 631 Free chlorine in water, 246
coniferous, 631 Free fatty acid in sulfated oil, 373
cross sections of textile, 634 Free lime in cement, 277
deciduous, 631 Free mineral acids in water, 233
examination of cross sections of, 641 Free stearic acid in stearate soaps, 407

Free alkali, in greases, 416

identification of Manila, 645 Free sulfur, 672

ignition of textile, 634 in rubber, 566
modified vegetable, 639 Fuel gas, analysis of, 608
paper, 614, 629 typical analyses of, 603
preparation of paper, 629 Fuel oil, 663

removal of color of textile, 634 Funnels, 22

sulfate, unbleached, 632 glass, 22
sulfite and unbleached sulfate, 632 separatory, 12

textile, 614, 633 Furfuryl alcohol, 467

unbleached, 631 Furol viscosimeter, Saybolt, 691
unbleached sulfate, 632

vegetable, 634, 642 G

Fillers, bulking value of, 498
mineral, 496 Gamma cellulose in paper, 625
specific gravity of, 498 Gas, carbon dioxide in, 608

Filling, determination of in mixtures, 646 collection of, 604

Filter cone, 22 illuminants in, 608

Filter crucibles, 22 oxygen in, 608

Filter paper, 19 supplies of, 18
Carl Schleicher and Schull, 21 unsaturated hydrocarbons in, 608
Munktells, 21 Gas analysis, 34
qualitative, 20 general procedure, 605
quantitative, 20 sampling tube for, 604
semiquantitative, 20 Gas analyzer, Bureau of Mines design, 612
Whatman, 20 portable, 611

Filter pulp, 21 Gas buret, 604

Fineness of heavy-metal soaps, 407 Gas burners, 17

Fire point, 671 Gas oil, 664
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Gases, calculation of combustible, 610
moisture in, 43
Gasoline, 664
distillation of, 665
Gauzes, wire, 19
Geer oven test on rubber, 581
Glass electrode, 113, 123
Glass filter crucibles, 23
Glass joints, 10
Glasses, Lovibond, 67
Glassware, volumetric, 8
Glucose, commercial, approximate polari-
metric methods, 660
Glue in rubber, 570
Glycerin, acrolein test for, 466
by bichromate method, 397
in emulsions, 553
in greases, 415
in soap, 396
Glycols, detection of, 440
estimation of, 440
factors for calculation of, 441
specific gravities of, 441
Gold, by benzidine, 96
by p-dimethylaminobenzylidenerhodamine,
96
Gooch crucibles, 22
Graphite in cast iron, 284
Grease, 418
ash of, 408
dropping point of, 421
free acid in, 416
free alkali in, 416
glycerin in, 415
gypsum in, 412
lubricating, 408
neutral fat in, 415
petroleum, 664
petroleum oil in, 415
soap in, 413
unworked consistency of, 419
water in, 417
worked consistency of, 420
Green, chrome, 537
Gums, commercial, qualitative reactions of,
545
water-dispersible, 543
Gutta-percha, 586
dirt in, 587
fillers in, 587
moisture in, 586
resins in, 587
separation of, 587
Gutzeit method for arsenic, 208
Gypsum in greases, 412

H

Halogens, by potassium permanganate, 127
by silver nitrate, 127
Halowax, 428

COMMERCIAL METHODS OF ANALYSIS

Hanus method, iodine value, 345
Hanus solution, 719
Hardness of water by soap method, 234
Heavy-metal soaps, 405
analysis of ash of, 407
bulkiness of, 407
fineness of, 407
insoluble ash of, 406
lead soaps in, 406
moisture in, 406
soluble ash of, 407
total ash of, 406
Hehner number, 356
Hemp, differentiating from flax, 644
Hempel absorption bulbs, 606
Hempel apparatus, 604
Hempel distilling head, 72
Herzberg’s stain, 630
Hexahydrophenol, 467
High-chromium high-nickel steels, chromium
in, 298
nickel in, 295
vanadium in, 301
High-nickel chromium-alloy cast irons, nickel
in, 296
High-nickel steel, chromium in, 298
nickel in, 295
vangdium in, 301
igh-speed steels, phosphorus in, 289
Hot plates, electric, 32
Hot titration of sodium carbonate, 260
Hydrocarbons, 452
aromatic, 443
chlorinated, 452
detection of, 440
fractionation of, 450-452
nitration of, 443
separation from rubber, 587
sulfonation of, 444
and turpentine, 453
Hydrocarbons A, in rubber, 571
Hydrocarbons B, in rubber, 571
Hydrochlorice acid, buffer, 118-120
standard, 723
Hydrogen, in coal, 598
determination of, 609
electrode, 113
Hydrogenated oils, identification of, 364
Hydrogen-ion concentration, 112
of paper, 623
Hydrogen peroxide, standardization, 719
Hydrometer, API, 47
Baumé, 46
Brix, 47
specific-gravity, 45
Twaddell 47
Hydrosulfide and sulfide, by iodine, 171
Hydroxyl value of alcohols, 439
8-Hydroxyquinoline, 91
Hypochlorite, qualitative, 128
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Identification, of hydrogenated oils, 364
of rubber accelerators, 588
of thinner in paint, 469
Ignition of textile fibers, 634
L.G. wax, 428
Hluminants in gas, 608
Immersion refractometer, 57
Index, viscosity, 696
Indicator, bromothymol blue, 717
chromate, 717
ferric nitrate, 717
methyl orange, 717
methyl red, 717
phenolphthalein, 717
starch, 717
Indicator papers, 115
Indicator solutions, 115-116, 717
Indicators, 78
for alkalies, 256
common, 116
universal, 114
Inorganic salts in soap, 386
in sulfated oil, 371
Inorganic sulfate by benzidine, 167
Inorganic sulfur trioxide in sulfated oil, 376
Insoluble acids in fats and oils, 356
Insoluble ash of heavy-metal soaps, 406
Insoluble residue of cement, 276
Insoluble sulfates, 157
Insoluble sulfides, 158
Invert sugar, 654
Munson and Walker method, 659
substances containing, 661
Iodate, by hypophosphorous acid, spot test
for, 109
Iodine monobromide, 719
Iodine monochloride, 710, 721
Iodine, standard solution, 726
Iodine value, of fats and oils, 345
of fatty acids of soap, 396
Hanus method, 345
of plasticizers, 480
of waxes, 431
Wijs method, 346
Ions, tests for, 86
Iron, in aluminum, 312
in cement, 276
colorimetrically by thiocyanate, 195
in copper-base alloys, 330
by dichromate, 195
ferric, 94-95
ferrous, 95
micro test for, 84
by permanganate method, 194
sulfide separation of, 312
Iron and aluminum, as phosphates, 193
Iron and .aluminum oxides, phosphorus absent
from, 191
in cement, 276
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Iron pigments, 526
calculation of, 529
Isopropanol, iodoform test for, 463

J

Jackson turbidimeter, 243

Japan wax, 426

Joint rubber insulation committee procedure
for rubber hydrocarbon, 574

Joints, glass, 10

Jones reductor, 13

Jute, identification of, 645

K

Kappelmeier method for organic phthalates,
483
Kerosene, 664
distillation of, 665
Ketones, detection of, 436
estimation of, 437
Kieselguhr, 181
Kinematic viscosity, conversion to Saybolt
Universal viscosity, 694-695
Kjeldahl-Gunning-Arnold method, nitrates
absent, 143
nitrates present, 145
Kjeldahl method, nitrogen by, 142

L

Lacquer solvents, 447
Lacquers, 468, 478
ash of, 478
pigments in, 478
plasticizers and oils in, 479
solvents and thinners in, 479
total solids in, 478
Lakes, red dyes used as, 525
Lamp method for sulfur, 674
Lanette wax, 428
Lanital, 638
Latex, ammonia in, 584
ash of, 585
proteins in, 584
rubber, 582
rubber content of, 583
total solids in, 583
water-soluble substances in, 584
Lead, in aluminum, 313
by benzidine or by tetramethyldiaminodi-
phenylmethane, 96
and copper, aluminum in, 314
electrolytic method, 326
by diphenylthiocarbazone, 211
dithizone method for, 211
electrolytic method for, 327
by excess dithizone, 213
as lead chromate, 501
micro test for, 83
by rhodizonic acid, 96
in rubber, 574
as sulfate, 503
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Lead chromate, 529
volumetrically, 501
Lead soaps in heavy metal soaps, 406
Lead sulfate, basic, 503
Leveling tube for gas analysis, 604
Liebermann-Storch method, rosin on paper,
619
for rosin, 395
on synthetic resins, 493
Light-colored greases, analysis of, 411
Linoleic acid, 339
Linolenic acid, 339
Lithopone, barium sulfate in, 506
total zinc in, 507
zine sulfide in, 507
Lovibond glasses, 67
Low-alkali glassware, 7
Low-chromium steels and irons, chromium in,
299
Lubricating greases, 408
and petrolatum, 418
Lubricating oil, 664
precipitation number of, 689

M

Magnesia mixture, 719
Magnesium, and calcium in aluminum, 317
in cement, 276
micro test for, 85
as the phosphate, 218
by quinalizarin, 97
by thiazole yellow, 97
Magnesium nitrate reagent, 720
Magnesium silicate, microscopic, 183
Magnetic damp, 30
Malachite green stain, 631
Manganese, 198
in the absence of cobalt,
method, 284
in alloy steels, 286
in aluminum, 316
by bismuthate, 199
in carbon steel, 284, 286
in cast iron, 286, 288
by catalytic oxidation with ammonium
persulfate, 98
in chromium-nickel steels, 287
in chromium-tungsten steels, 287
in chromium-vanadium-molybdenum steels,
287
in chromiuni-vanadium, stainless and simi-
lar steels, 285
in chromium-vanadium steels, 287
in cloth for rubberizing, 585
micro test for, 84-85
in nickel steels, 287
in open-hearth iron, 286-287
by periodate, 200
by persulfate, 199
in the presence of cobalt, persulfate method
for, 286

bismuthate
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Manganese, by the pyrophosphate method,
316
in rubber, 585
by tetramethyldiaminodiphenylmethane, 97
Volhard method for, 527
Williams method for, 528
in wrought iron, 286, 287
Manila fiber, differentiating, 645
identification of, 645
Matter insoluble, in alcohol, in soap, 383
in water, in soap, 385
Matter volatile, at 105° in soap, 382
from soap with steam, 399
Maumené number of fats and oils, 364
McNicoll method for rosin, 395
Melting point, approximate, 49
ball and ring, 52
closed-end capillary, 50
of fats and oils, 353
mercury-cup method, 53
open-end capillary, 51
of waxes, 430
Wiley method for, 353
Mercaptobenzothiazole as rubber accelerator,
590
Mercuric bromide paper, 209
Mercuric mercury, microtest for, 83
Mercuric sulfide, 524
Mercury, by aniline and stannous chloride,
98
by p-dimethylaminobenzylidenerhoddamine,
98
mercurice, micro test for, 83
mercurous, micro test for, 83
as sulfide, 524
Mercurous mercury, micro test, 83
Metallic soaps, constants of commercial, 409
Metals, analysis by hydrogen evolution, 612
Metaphosphate, sodium, 266
Methane, determination of, 609
Methanol, in the presence of ethanol, 462
quantitative, 461
Zeiss immersion refractometer readings, 464
Method, choice of, 4
2-Methylbenzothiazole, 89
Methyl cyclohexanol, 467
Methyl ethyl ketone, detection of, 436
Methyl orange indicator, 717
Methyl red indicator, 717
Microscope, 57
Micro qualitative analysis, 81
Micro qualitative sample, 83
Micro qualitative scheme, 83
Millon’s reagent, 720
Mineral acids in water, 233
Mineral coating on paper, 615
Mineral colors, 522
Mineral fillers, 496, 509
in paper, 615
Minerals, insoluble in hydrochloric acid, 187
microscopic, 177
quantitative analysis, 186—189
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Minerals, sample of, 176
goluble in hydrochloric acid, 187
Miscellaneous ingredients in emulsions, 547
Mixed solvents, 445
Mixed thinners, 445
calculation of, 450
Mixed white pigments, calculation of results
on, 518
Mixing equipment, 35
Mixtures, buffer, 118-120
Modified vegetable fibers, 639
Moisture, in alkalies, 259
in coal, 597
in gutta-percha, 586
in heavy-metal soaps, 406
in paper, 614
by solvent distillation, 41
in sulfated oil, 370
Molybdenum, in carbon steel, 302
in cast iron, 303
colorimetrically by thiocyanate, 304
in molybdenum steel, 302
in open hearth iron, 302
as oxide, 302
by potassium ethyl xanthogenate, 99
by potassium thiocyanate, 99
as sulfide, 302
in tungsten steel, 303
in wrought iron, 302
Molybdenum steel, manganese in, 287
molybdenum in, 302
Molybdophosphoric acid, 621
Monohydric alcohols, detection of, 438
estimation of, 439
Monopotassium phosphate buffers, 119
Montan wax, 427
Mortar, 275-281
Municipal water supplies, 227
Munson and Walker method for
sugar, 659
Mutarotation, 657

invert

N

Naphtha, distillation of, 665

petroleum, 664

in emulsions, 546

Naphthylamine acetate solution, 236
Natural resin glycerides, constants on, 475
Natural resin varnishes, 473
Natural resins, constants on, 475
Negative radicals, tests for, 79
Nessler reagent, 720
Nessler tubes, 61
Neutral fat in greases, 415
Neutralization number, 680-682

of petroleum products, 680
Nickel, aluminum in, 320

in carbon steels, 296

in cast iron, 296

in copper-base alloys, 333
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Nickel, by dimethylglyoxime, 99
dimethylglyoxime method for, 320, 333
in high-chromium high-nickel steel, 295
in high-nickel chromium-alloy cast irons
296
micro test for, 85
in open-hearth iron, 297
by rubianic acid, 100
in wrought iron, 297
Nickel steel, 294
manganese in, 287
phosphorus in, 288
Nitrate, by brucine, 109
by diphenylamine, 140
by ferrous sulfate, 140
Kjeldahl-Gunning-Arnold method for, 145
by nitron, 152
by reduction to ammonia, 150
by reduction with ferrous sulfate, 152
by sulfanilic acid and a-naphthylamine,
109
in water, 237
Nitration of hydrocarbons, 443
Nitric acid, standard, 726
Nitrite, 140
by potassium permanganate oxidation, 153
by sulfanilic acid, 236
by sulfanilic acid and a-naphthylamine, 109
in water, 236
p-Nitrobenzenediazoaminoazobenzene, 91
Nitrocellulose, separation from resins, 485
Nitrogen, in coal, 601
combined, 140
by Kjeldahl method, 142
Nitrogenous materials on paper, 616
Nitrophenols, 115
Nitroso-type rubber accelerators, 58¢
Nitrous oxide test for amines, 141
Nonvolatile vehicle of paint, 469
NPA color standard, 709
Nylon, 639

[¢]

Oat starch, 652
Odor, of solvents, 446
of thinners, 446
Oil emulsions containing large amounts of
soap, 554
Oil-gum emulsions, 550
Oil-in-water emulsions, con{aining suspended
golids, 550
iree irom suspended solids, 547
Oils, 520
doctor test on, 673
in emulsions, 552
fuel, 663
gas, 664
iodine value of, 345
1n lacquers, 479
wbricating, 664
(See also Fats and Oils)
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Oils, and resins, Boughton method, 474
separation of, 474
saponifiable, in emulsions, 546
separation of, 474
steam emulsion test on, 702
sulfonated, 367
sulfuric acid absorption of, 673
unsaponifiable, in emulsions, 546
in water, 253
Qil shale, 664
Qil-type vehicle of paint, 471
Oleic acid, 339
Opal wax, 428
Open cup tester, 671
Open-hearth iron, copper in, 294
manganese in, 286-287
molybdenum in, 302
nickel in, 297
phosphorus in, 288
silicon in, 292
titanium in, 309
vanadium in, 301
zirconium in, 310
Open-hearth steel, sulfur in, 290
Organic compounds, chlorine in, 131
Organic ester sulfur trioxide of sulfated oil,
373
Organic materials, sulfur in, 161
Organic phosphates, 482
Organic phthalates, Kappelmeier method, 483
test with resorcinol, 483
Organic sulfate, by benzidine, 167
qualitative tests, 368
Orsat apparatus for flue gases, 611
Orthophosphate in soaps, 403
Orthotolidine reagent, 246
OQuricuri wax, 427
Ovens, drying, 30
vacuum, 31
Oxalic acid, standard, 727
Oxide, aluminum, phosphorus absent, 191
cobalt, 536
iron, phosphorus absent, 191
Oxychloride method for bismuth, 314
Oxygen bomb test, Bierer-Davis, on rubber,
581
Oxygen in gas, 608
Ozocerite, 427

Paint, 468
ash and driers in, 470
identification of thinner in, 469
nonvolatile vehicle of, 469
ail-type vehicle of, 471
separation of pigment of, 469
volatile thinner in, 469
water in, 468
Paint vehicle, interpretation of constants on,
473
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Palmitic acid, 339
Paper, 614
acidity of, 623
alkalinity of, 623
alpha cellulose in, 625
arsenic in, 624
ash of, 614
beta cellulose in, 625
casein on, 615
copper number of, 621
fibers, 614, 629
preparation of, 629
filter, 19
gamma cellulose in, 625
hydrogen-ion concentration of, 623
indicator, 115
mercuric bromide, 209
mineral coating on, 615
mineral filler in, 615
moisture in, 614
paraffin on, 621
pentosans in, 624
proteinaceous nitrogenous materials on, 616
resin on, 619
rosin on, Liebermann Storch method, 619
Raspail method, 619
starch on, 616
Paper stains for identification of fibers, 630
Paper testing, 614
Paraffin, 427
amorphous, 427
on paper, 621
Paraffin wax, melting point of, 704
Particle size, 69
by the microscope, 71
by special equipment, 72
Pea starch, 651
Pentosans in paper, 624
Perchlorate method for potassium, 222
Perchlorates, alkali-metal, 135
and chlorates, 135
chlorides and chlorates, 136
qualitative, 128
Periodate, by manganous sulfate and phos-
phoric acid, spot test for, 109
Peroxide value of fats and oils, 354
Persulfate, by benzidine, 109
ferrous sulfate method, 175
method for manganese in the presence of
cobalt, 286
oxalic acid method, 175
Petrolatum, consistency of, 418
melting point of, 704
Petroleum, carbon residue of, 686
crude, 663
saponification number of, 683
terms relating to, 663
topped crude, 665
weathered crude, 665
Petroleum grease, 664
Petroleum naphtha, 664
in emulsions, 546
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Petroleum oils, color standards for, 709
in greases, 415
Petroleum products, 662
aniline point of, 678
cloud and pour point of, 683
color of, 708
neutralization number of, 680
sediment in, 706
water in, 705-706
Petroleum solvents, 442
Petroleum spirits, 665
Phenolphthalein indicator, 717
pH, colorimetric, 113
by colorimetry, 114
methods of measuring, 113
pH scale, 112
pH values for 0.1N solutions, 113
pH value of water, 240
Phenol, 467
Phenols, qualitative, 484
quantitative, indophenol method, 484
Phenoldisulfonic acid, 238
Phosphate, by ammonium molybdate and
benzidine, 110
disodium, 266
iron and aluminum as, 193
organic, 482
in soaps, 403
trisodium, 265
Phosphate test by ammonium molybdate, 258
Phosphorus, in austenitic steel, 288
in carbon steel, 288
in cast iron, 289
in cement, 277
in chromium-nickel steel, 288
in chromium-vanadium steel, 289
in coal, 601
colorimetrically, 204
in copper-base alloys, 331
in high-speed steel, 289
magnesium phosphate precipitation of, 201
in nickel steel, 288
in open-hearth iron, 288
phosphomolybdate-pyrophosphate method,
202
as phosphomolybdate volumetrically, 203
in stainless steel, 288
in steel, 288
in wrought iron, 289
Phthalates, organic, Kappelmeier method, 483
test with resorcinol for, 482
Phthaleins, 115
Phthalocyanine, copper, 537
Phytosterol in animal fats, 362
Pigments, acid-soluble, aluminum in, 515
barium in, 514
calcium in, 517
magnesium in, 517
sulfate in, 518
antimony oxide in, 513
barium sulfate in, 510
bulking value of, 498
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Pigments, calcium in, 515
carbon dioxide in, 517
in emulsions, 546, 553—-554
in lacquers, 478
lead in, 511-513
silica in, 510
specific gravity of, 498
sulfide sulfur in, 518
total acid- and water-soluble sulfur in, 517
total antimony in, 514
total zinc in, 516
white, 496
calculation of results on mixed, 518
qualitative, 497
zinc oxide in, 517
Pipet for gas analysis, 604
Pipets, 10
Pitch, 665
Plastizicers, fatty acids from 482
iodine value of, 480
and oils in lacquers, 479
acid value of, 480
saponification value of, 482
synthetic, 481
unsaponifiable matter in, 482
Platinumware, cleaning of, 25
molds, 25
precautions for, 24
Point, cloud, 684
pour, 685
Polenske number, 357
Policeman, 14
Polish, automobile, 550
Polyhydric alcohols, 466
acrolein test for glycerol, 466
reaction with catechol and sulfurie acid, 466
Polysulfide sulfur and sulfide, 165
Portable gas analyzers, 611
Potassium, by calculation, 220
as the chloroplatinate, 221
micro test for, 85
as the perchlorate, 222
and sodium, by calculation, 220
as chlorides, 219
in insoluble silicates, 219
as sulfates, 218
by sodium cobaltinitrite and silver nitrite,
100
by sodium dipicrylamine, 100
as sulfate, 218
Potassium acid phthalate buffer, 118-120
Potassium bromate, standard, 727
Potassium chloride buffer, 119
Potassium dichromate, standard, 728
Potassium ferricyanide, 95
Potassium ferrocyanide method for zine, 214
Potassium hydroxide, aleoholic, 725
Potassium iodate, reagent, 710
standard, 728
Potassium nitrate solution, standard, 238
Potassium permanganate, standard, 728
Potassium thiocyanate, standard, 729
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Potato starch, 649-650 Reductor, Jones, 13
Pour point, 683-685 Refractive index, 53
of petroleum products, 684 Becke test for, 60
Powder, pyrethrum, 710 of fats and oils, 341
Powders, specific gravity of, 49 of solids, 60
Precipitates, washing of, 74 of synthetic resins, 491
Precipitation number of lubricating oils, 689 Refractometer, Abbé, 54
Precipitation values for waxes, 432 immersion, 57
Preparation of paper fibers, 629 Reichert-Meissl value, 356
Primary amines, 141 Removal of color of textile fibers, 634
Primary aromatic amines, 142 Replacements, synthetic silk, 639
Propanol, iodoform method, 463 Report of rubber analysis, 575
iodoform test for, 463 Reporting results of water analysis, 239
Proteinaceous nitrogenous materials on paper, Residual chlorine in water, 249
616 Resins, and fatty acids in emulsions, 557
Proteins in latex, 584 in gutta-percha, 587
Proximate analysis of coal, 597 and oils, Boughton Method, 474
Prussian blue, 533 separation of, 474
Pulverizer for coal, 596 on paper, 619
Pumice, 181 separation of, 474
Pumicite, 181 separation from nitrocellulose, 485
Pycnometer, 43 synthetic, 487
Pyrethrin I, 710 Results, calculation of, 5
Pyrethrin II, 712 Rhodamine B, 88
Pyrethrins, 710 Rhodizonic acid, 89, 96
mercury reduction method, 710 Rice starch, 652
Pyrethrum extract in mineral oil, 712 Ricinoleic acid, 339
perfume oils present, 713 Riffles, 597
Pyrethrum powder, 710 Rilan wax, 428
Pyrex, low-alkali, 7 Rosin, 471
Pyrex glassware, 7 Liebermann-Storch test for, 395
Pyrophosphate method for manganese, 316 MeNicoll method for, 395
Pyrophosphate, in soaps, 403 on paper, 619
sodium, 266 Liebermann-Storch method, 619
Pyrophyllite, microscopic, 183 Raspail method, 619
. in soap, 394
Q Rotenone, 710, 713
Rottenstone, 178
Qualitative analyuis, 81 Rough balance, 27
Quantitative methods, selection of, 80 Rubber, 559
Quinalizarin, 90, 97 acetone extract from, 562
acid-soluble compounding materials in,
577
R air bomb test on, 582
aleoholic potash extract from, 563
Ramie, identification of, 646 analysis of ash of, 573
Raspail method, rosin on paper, 619 analysis, report of, 575
Rayon, acetate, 647 antimony in, 568
identification of, 641 antimony in the ash of, 569
regenerated cellulose, 648 artificial aging tests on, 581
Reagent, Denige's, 710 ash of, 566
iodine monochloride, 710 barium carbonate in, 573
Nessler, 720 barium sulfate in, 578
potassium iodate, 710 Bierer-Davis oxygen bomb test on, 581
Schiff’s, 720 cellulose in, 572
Stoke’s, 720 chloroform extract from, 563
Reagent solutions, 717 as compounded, 575
Red, ruthenium, 644 copper in, 585
Red dyes used as lakes, 525 free carbon in, 569
Red lakes, 524 free sulfur in, 566
Red lead, lead peroxide in, 523 Geer oven test on, 581

total lead in, 522 glue in, 570
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Rubber, hydrocarbon, calculation of, 574
hydrocarbons A in, 571
hydrocarbons B in, 571

joint rubber insulation committee pro-

cedure, 574
identification of accelerators in, 588
latex, 582 :
lead in, 574
manganese in, 585
preparation of sample of, 560
qualitative examination of, 560
rubber-solvent method for, 576
solution of, 577
specific gravity of, 561
sulfur in, 564
sulfur in ash of, 567
sulfur as antimony trisulfide in, 578
sulfur in compounding ingredients of, 579
sulfur present as barium sulfate in, 568
synthetic, 581
total extract from, 561
unsaponifiable matter in, 571
Rubber accelerators, 588
amines and amides as, 589
ammonia type, 589
alkaloids as, 590
mercaptobenzothiazole as, 590
nitroso-type, 589
thiocarbamate, 590
Rubber compounds, 559
Rubber content of latex, 583
Rubber extractor, 69
Rubber-solvent method for rubber, 576
Rubianic acid, 100
Ruthenium red, 644
Rye starch, 651

Saccharimeter, 656
Salicylaldoxime, 94
Sample, of alkalies, 259

appearance of, 75

coal, preparation of, 596

effect of acid on, 79

effect of alkali on, 79

flame reactions of, 77

inflammability of, 76

micro qualitative, 83

odor of, 75

size of, 3

solubility of, 77
Sampling, 37

coarse solids in, 38

fine solids in, 38

of gases, 39

of liquids, 38

of nonhomogeneous liquids, 39
Sampling tube for gas analysis, 604
Saponifiable fats and oils, 337
Saponifiable oils in emulsions, 546

Saponification number of petroleum, 683
Saponification value, of fats and oils, 343
of plasticizers, 482
of waxes, 429
Saybolt chromometer, 708
Saybolt Furol viscosimeter, 691
Saybolt Universal viscosimeter, 691
Scale, pH, 112
Schiff’s reagent, 720
Secondary amines, 141
Secondary aromatic amines, 142
Secondary propyl aleohol, iodoform - method,
463
iodoform test for, 463
Sediment in petroleum- products, 706
Selection of quantitative methods, 80
Selenium, by hydriodic acid, 101
by thiourea, 100
Semidecomposed silica, microscopie, 178
Separation of oils and resins, 474
Separation of pigment of paint, 469
Separatory funnel method for unsaponifiable
matter, 349
Separatory funnels, 12
Shaking machine, 36
Shale oil, 664
crude, 663
Shellac, 486
Silica, hydrochloric acid method, 189
perchloric acid method for, 190
present as alkaline silicates in soaps, 402
microscopie, 177
Silicate, by ammonium molybdate and benzi-
dine, 110 '
magnesium, microscopic, 183
qualitative test for, 256
sodium, 268
Silicon, in alloy steel, 292
in aluminum, 311
in carbon steel, 291
in cast iron, 292
in open-hearth iron, 292
in tungsten steels, 292
in wrought iron, 292
Silk, 636—637, 647
determination of, in mixtures, 646-
wild, 637
Silver, by p-dimethylaminobenzylidenerhoda-
mine, 101 ’
gravimetric method for, as chloride, 128
micro test for, 83
by potassium chromate, 101
Silver nitrate, standard, 729
Silver sulfate solution, standard, 238
Simple polymers as synthetic. elastomers,
591
Sisal fibers, differentiating, 645
Soap, 381
acid value of fatty acids of; 396
alkaline builders in; 401
alksline silicates in, 402
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Boap, alkalinity of water-soluble matter of,

386
analysis of ammonia and amine, 403
by ashing of soap and soap mixtures, 390
carbonates in, 403
chlorides in, 400
combined alkali in, 387
fatty acids, in emulsions, 554
titer value on, 396
free acid in, 384
free alkali in, 384
glycerol in, 396
in greases, 413
heavy metal, 405
inorganic salts in, 386
iodine value of fatty acids of, 396
matter insoluble in alcohol in, 383
matter insoluble in water in, 385
matter volatile from, with steam, 399
matter volatile at 105° in, 382
orthophosphate in, 403
phosphates in, 403
pyrophosphate in, 403
qualitative tests on, 381
rosin in, 394
starch in, 396
sugars in, 396
sulfates in, 401
by titration, 389
of fatty acids, 388
total anhydrous, 387
total fatty matter in, 391
unsaponifiable matter in, 391, 393
unsaponified matter in, 394
Soap method for hardness, 234
Soap products, 381
Soap solution, stock, 235
Sodium, by ealculation, 220
micro test for, 85
and potassium, by caleulation, 220
as chlorides, 219
in insoluble silicaves, 219
as sulfates, 218
by zinc uranyl acetate, 222
spot test for, 102
Sodium bicarbonate, acid titration of, 261
alkaline titration of, 261
and sodium carbonate, 264
in sodium hypochlorite, 138
Sodium carbonate, buffer, 119
cold titration of, 260
hot titration of, 260
and sodium bicarbonate, 264
and sodium hydroxide, 262
and sodium tetraborate, 272
trisodium phosphate, 267
and sodium metasilicate, 270
and sodium tetraborate, 273
Sodium chloride, standard, 730
Sodium cobaltinitrite, 100
Sodium dipierylamine, 100

Sodium hydroxide, 260
alcoholic, 725
and sodium carbonate, 262
in sodium hypochlorite, 138
standard, 722
Sodium hydroxide buffer, 118, 119, 120
Sodium hypochlorite, sodium bicarbonate in,
138
sodium hydroxide in, 138
total alkalinity in, 138
total chlorine in, 137
Sodium hypochlorite bleach, 136
Sodium-ion correction for glass electrode, 124
Sodium metaphosphate, 266
Sodium metasilicate, sodium carbonate, and
trisodium phosphate, 270
Sodium nitrite, standard, 237
Sodium oxide, total alkalinity as, 138
Sodium peroxide fusiont method, for chlorine,
134
Sodium plumbite solution, 673
Sodium pyrophosphate, 266
Sodium rhodizonate, 90
Sodium silicates, 268
Sodium sulfite, 174
and sodium thiosulfate, 174
Sodium tetraborate, 270
and sodium carbonate, 272
sodium carbonate, and trisodium phos-
phate, 273
Sodium thiosulfate, 174
and sodium sulfite, 174
standard, 730
Softening point, ball and ring method, 52
Solids, density of, 48
refractive index of, 60
in water, 227
Solubility, of samples, 77
of solvents, 446
of thinners, 446
of waxes, 433
in cold alcohol, 432
Soluble ash of heavy-metal soaps, 407
Soluble and insoluble acids of fats and oils, 355
Soluble silica in cement, 276
Soluble sulfates, 157
Soluble sulfides, 158
Solutions, buffer, 117
indicator, 115, 717
reagent, 717
of rubber, 577
standard indicator, 116
volumetric, 717
Solvent distillation, volatile matter by, 41
Solvents, 434
boiling range of, 446
emulsions of, 541
in emulsions, 553
fractional distillation of, 446, 448
fractionation of, salt-solution soluble frac-
tion, 449
soluble«in 80 per cent sulfuric acid, 451
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Solvents, lacquer, 447
in lacquers, 479
mixed, 445
odor of, 446
petroleum, 442
saponification value of, 449
solubility of, 446
in 20 per cent sodium chloride solution
of, 448
in 80 per cent sulfuric acid of, 448
specific gravity of, 446
and thinners in lacquers, 479
Soxhlet extraction, 67
Specific gravity, 43
definition of, 45
determination of, 45
of ether aleohols, 441
of glycols, 441
of fats and oils, 341
of powders, 49
of rubber, 561
of solids, 48
of solvents, 446
of synthetic resins, 491
of thinners, 446
of waxes, 429
Specific-gravity bottle, 43
calibration of, 44
Specific-gravity hydrometer, 45
Spermaceti, 427
Spirit varnish, 468
Spirits, petroleum, 665
Spot tests, 81
Standard indicator solutions, 116
Stain, Bright’s, 631
cyanin, 644
Herzberg's, 630
malachite green, 631
paper, for identification of fibers, 630
ruthenium red, 644
Sutermeister’s, 631
Stainless and similar steels, manganese in, 285
Stainless steel, phosphorus in, 288
Standard calcium chloride solution, 235
Standard glasses, color with, 65
Standard solutions, 721
Starch, barley, 652
bean, 651
buckwheat, 652
corn, 650
indiecator, 717
oat, 652
on paper, 616
pea, 651
potato. 649-650
rice, 652
rye, 651
in soap, 396
tapioca, 653
Starches, 614, 648
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Steam bath, 31
Steam emulsion number, 702
Steam emulsion test, apparatus for, 703
on oils, 702
Stearate soaps, free stearic acid in, 407
Stearic acid, 339
in stearate soaps, 407
Steel, chromium, 297
chromium-vanadium-molybdenum, manga~
nese in, 287
copper in, 293
and iron, low-chromium, chromium in, 299
manganese in, 285
nickel in, 294
phosphorus in chromium-nickel, 288
phosphorus in nickel, 288
phosphorus in stainless, 288
Still, Barnstead, 16
Precision, 16
Stokes, 16
Stirrer, flexible shaft, 36
Stirring rods, 11
Stock soap solution, 235
Stoke’s reagent, 720
Stopcocks, 35
Stoppers, 35
Strong-acid neutralization number, 680, 682
Strontium, micro test, 85
by sodium rhodizonate, 102
Succinic acid, standard, 731
Sucrose, 654
hydrometric and pycnometer methods, 655
inversion at room temperature, 659
polarimetric method, 656
polarization before and after inversion, 658
reducing sugars in, before and after inver-
sion, 659
refractometer method, 655
Sugar, invert, 654
Munson and Walker method, 659
substances containing, 661
Sugar products, 654
Sugar solutions, clarification of, 657
Sugars, 654
in soap, 396
Sulfate, benzidine method, 166
by benzidine, 167
by barium rhodizonate, 111
insoluble, 157
organic, qualitative tests, 368
in soap, 401
soluble, 157
titrimetrically by tetrahydroxyquinone, 236
volumetrically, 166
in water, 230
Sulfate fibers, unbleached, 632
Sulfate and sulfide, 166
Sulfate and sulfite, 165
Sulfated alcohols, 367
Sulfated oil, 367
free fatty acid in, 373
inorganic salts in, 371
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Sulfated oil, inorganic sulfur trioxide in, 376 Sulfuric acid absorption of oils, 673
moisture in, 370 Sulfuric acid, standard, 731
organic ester sulfur trioxide of, 373 Suspended solids in water, 227
total fatty matter in, 377 Sutermeister’s stain, 631
total alkalinity of, 372 Swimming pools, 227
total sulfated fatty matter in, 378 Synthetic elastomers, 581, 590
unsaponifiable matter in, 379 chemical structures of, 591-592

Sulfide, as barium sulfate, 164 copolymers as, 592
cadmium, 533 elastothiomers as, 592
as cadmium sulfide, 164 maximum tensile strengths and correspond-
and hydrosulfide by iodine, 171 ing elongations of, 594
insoluble, 158 properties of, 593
by iodine, 171 simple polymers as, 591
as lead sulfate, 163 vulcanization properties of, 591
method for zine, 327 Synthetic plasticizers, 481
and polysulfide sulfur, 163, 165 Synthetic resin varnishes, 477
separation of iron, 312 Synthetic resins, 487
by sodium nitroprusside, 111 distillates from, 492
soluble, 158 halogens in, 492
and sulfate, 166 Lieberman-Storch test on, 493

Sulfites, 158, 172 nitrogen in, 492
and acid sulfites, 172 odors on heating of, 492
by sodium nitroprusside, 111 petroleum ether-insoluble matter of, 487
and sulfate, 165 physical constants of, 491
in water, 252 quantitative examination of, 493

Sulfite fibers, 632 refractive index of, 491

Synthetic rubber, 581
Synthetic silk replacements, 639
Synthetic waxes, 428

specific gravity of, 491

sulfur in, 492

Sulfonated oil (see sulfated oil)
Sulfonates, 367

Sulfonation of hydrocarbons, 444
Sulfonephthaleing, 115

Sulfur, 260 test for phenols in, 493
in alloy steel, 200 test for phthalates in, 493
as antimony trisulfide in rubber, 578 typical classes of, 488-490
in ash of rubber, 567
in carbon steel, 290 T
Carius method for, 163
in cast iron, 290 Tag closed tester, 669-670

in coal, 598

in compounding ingredients of rubber, 579
Eschka method for, 162

free, 672

by lamp method, 674

in open-hearth steel, 290

Tale, microscopic, 183

Tapioca starch, 653

Tar, 665

Terms relating to petroleum, 663
Terpenes, 445

in organic materials, 161 Tertiary amines, 141
Carius method, 163 Testing, paper, 614
Eschka method, 162 Tests, spot, 81
oxygen bomb method, 161 Tetrahydrofurfuryl aleohol, 467
sodium peroxide method, 163 Tetramethyldiaminodiphenylmethane, 96-97
in petroleun: by the bomb method, 678 Textile fibers, 614, 633
polysulfide and sulfide, 165 cross sections of, 634
present as barium sulfate in rubber, 568 ignition of, 634
in rubber, 564 _ ) removal of color of, 634
as sulfate, 158 . Thallium, by benzidine, 102
sulfide, 163 . by potassium iodide, 102
in tungsten steel, 290 Thinners, 434, 447
in wrought iron, 290 boiling range of, 446
Sulfur eompounds, 157 fractional distillation of, 44€
organic, 158 in lacquers, 479
Sulfur dioxide, Monier-Williams method, 168 mixed, 445
Sulfur trioxide, in cement, 276 calculation of, 450

organic, 373 odor of, 446



INDEX

‘Thinners, solubility of, 446
specific gravity of, 446
Thiocarbamate rubber accelerators, 590
Thiocyanogen number of fats and oils, 361
Thioecyanogen solution, 720
Thiosulfates, 158
Thiourea, 91
Tin, in aluminum, 321
by the bromate method, 321
by cacotheline, 103
in copper-base alloys, 329
by mercuric chloride and aniline, 103
micro test, 83
volumetric method for, 329
Titanium, in aluminum, colorimetric method,
313
in carbon steel, 309
in cast iron, 309
by chromotropic acid, 103
colorimetrically, 197
after cupferron separation, 308
in copper steel, 308
by hydrogen peroxide, 103
in open-hearth iron, 309
titrimetrically, 197
in wrought iron, 309
Titanium dioxide, barium sulfate in, 507
calcium sulfate in, 508
iron in, 508
Titanium steel, titanium in, 308
Titanium-vanadium steel, 309
Titration, electrometric, 125
of soap in emulsions, 555
Titer value, of fats and oils, 352
on soap fatty acids, 396
Tools of the analyst, 7
Topped crude petroleum, 665
Tops, 665
Total acidity of water, 233
Total alkalinity, in sodium hypochlorite,
138
as sodium oxide, 138
of sulfated oil, 372
Total ammonia in emulsions, 555
Total anhydrous soap, 387
Total ash of heavy-metal soaps, 406 -
Total carbon in ferrous metals, 282
Total chlorine, in sodium hypochlorite, 137
Total extract from rubber, 561
Total fatty matter, in soap, 391
Total hardness of water, 234
in sulfated oils, 377
Total solids, in lacquers, 478
in latex, 583
in water, 227
Total sulfated fatty matter in sulfated oils,
378
Triangles, 19
Tripoli, 178
Trisodium phosphate, 265
and sodium carbonate, 287
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Trisodium phosphate, and sodium metasilis
cate, 270
and sodium tetraborate, 273
Tube, Dean-Stark, 41
Tubes, Nessler, 61
Tungsten, by potassium thiocyanate, 104
in tungsten steel, 305
Tungsten steel, molybdenum in, 303
silicon in, 292
sulfur in, 290
tungsten in, 305
Turbidity of water, 243
Turpentine, 445
and hydrocarbons, 453
Tussah, 637
Twaddell hydrometer, 47

U

Ultimate analysis of coal, 598
Ultramarine, 535
Unbleached fibers, 631
Unbleached sulfate fibers, 632
Union oil colorimeter, 709
Universal indicators, 114
Universal viscosimeter, Saybolt, 691
Unsaponifiable matter, cylinder method for,
348

dry extraction for, 350

in emulsions, 546

in fats and oils, 347

in plasticizers, 482

in rubber, 571

separatory funnel method for, 349

in soap, 393

in sulfated oils, 379

in waxes, 430
Unsaponified, matter in soap, 394

and unsaponifiable matter of soap, 391
Unsaturated hydrocarbons in gas, 608
Unworked consistency of grease, 419
Uranium, by potassium ferrocyanide, 104

v

Vacuum drying of volatile matter, 41
Vanadium, in carbon steel, 301
in cast iron, 301
in chromium-tungsten-vanadium steel, 301
in chromium-vanadium steel, 300
in high-chromium high-nickel steel, 301
by 8-hydroxyquinoline, 105
by hydrogen peroxide, 104
in open-hearth iron, 301
in wrought iron, 301
Vanadium steel, titanium in, 309
Varnish, 468
natural resin, 473
spirit, 468
synthetic resin, 477
volatile thinner in, 473
Vegetable fats. cholesterol in, 362
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Vegetable fibers, 634, 642
modified, 639
Vermilion, 523
Viscose and cuprammonium rayon, differenti-
ating, 642
Viscose rayon, 640
identification of, 641
Viscosity index, 696
Viscosity by Saybolt viscosimeter, 691
Viscosity tube, 692
Volatile amines and ammonia, 140
Volatile matter, in coal, 598
conductimetric method, 43
determination of, 40
by drying in a desiccator, 43
in fats and oils, 340
by ignition, 43
by oven drying, 40
by solvent distillation, 41
by vacuum drying, 41
Tolatile thinner, in paint, 469
in varnish, 473
Volhard method for manganese, 527
Volumetric glassware, 8
Volumetric solutions, 717, 721
Vulcanization properties of synthetic elas-
tomers, 591
Vycor glassware, 7

Wash bottles, 12
Washing of precipitates, 74
Watch glasses, 11
Water, acidity of, 233
albuminoid nitrogen in, 240
alkalinity of, 231
ammonia in, 240
ammonia- and magnesium-free, 146
analysis, 226
in bituminous material, 705
carbon dioxide in, 234
carbonate and noncarbonate hardness of,
234
chloramine in, 250
chloride in, 228
chlorine demand of, 248
chlorine in, 246
color of, 243
dissolved solids in, 227
distilled, 16
fluoride in, 250
in greases, 417
mineral acids in, 233
nitrate in, 237
nitrite in, 236
oil in, 253
in paint, 468
in petroleum products, 705-706
pH value of, 240
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‘Water, reporting results of amalysis of, 239
residual chlorine in, 249
samples, collection of, 227
sulfate in, 230
sulfite in, 252
suspended solids in, 227
turbidity of, 243
Water-base wax emulsions, 556
‘Water bath, 31
Water-dispersible gums, 543
in emulsions, 553
Water-in-oil emulsions with and without
suspended solids, 553
Water-insoluble volatile acids in fats and oils,
357
‘Water-soluble liquids in emulsions, 547
Water-soluble substances in latex, 584
Water-soluble volatile acids in fats and oils,
356
‘Water supplies, municipal, 227
Wax, 423
acid value of, 429
Adurco, 428
aniline point of, 431
bayberry, 424
bees, 424
candelilla, 426
carnauba, 426
Chinese insect, 426
constants of, 425
emulsions, 540, 553, 557
water-base, 556
general properties of, 423
I.G., 428
iodine value of, 431
Japan, 426
Lanette, 428
melting point of, 430
montan, 427
Opal, 428
ouricuri, 427
precipitation value for, 432
qualitative solubility of, 433
Rilan, 428
saponification value of, 429
solubility in cold alcohol, 432
specific gravity of, 429
synthetic, 428
unsaponifiable matter in, 430
Waxy substances, 423
Weathered crude petroleum, 665
‘Weighing, 39
accuracy of, 39
Weights, analytical, 30
‘Wegson colorimeter, 66
Westphal balance, 48
White lead, lead as lead sulfate. 501
White pigments, 496, 50¢
calculation of results on mixed, 518
qualitative tests on, 497



Wijs method, iodine value by, 346
‘Wijs solution, 721
Wild silk, 637
Wiley method for melting point, 353
Williams method for manganese, 528
‘Winkler explosion bulbs, 609
Winkler method for dissolved oxygen, 241
Wire gauzes, 19
Wool, 635

artificial, 638

determination of, in mixtures, 646

reprocessed and reused, 647
Worked consistency of greases, 420
Wrought iron, copper in, 294

manganese in, 286-287

molybdenum in, 302

nickel in, 297

phosphorus in, 289

silicon in, 292

sulfur in, 290

titanium in, 309

vanadium in, 301

zirconium in, 310

Yellow, chrome, 529
zine, 532
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zZ

Zine, in aluminum, 313, 315
by ammonium mercuric thiocyanate
method, 315
chromate, 532
by cobalt-mercury thiocyanate, 105
in copper-base alloys, 327
by diethylaniline and ferricyanide, 105
micro test for, 85
by potassium ferrocyanide, 214
as the sulfide, 327
volumetrically by ferrocyanide, 504
yellow, 532
by zine oxide method, 315
Zinc oxide, 504
Zine oxide method for zine, 315
Zine oxide-a-nitroso-g-naphthol method, for
cobalt, 306
Zinc uranyl acetate method for sodium, 222
Zirconium, by alizarin, 106
in carbon steel, 310
in cast iron, 310
by cupferron-phosphate, 310
by B-nitroso-a-naphthol, 106
in open-hearth iron, 310
in wrought iron, 310
in zirconium steel, 310





