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PREFACE

TO

THE SECOND EDITION.

THE following notes on Analytical Methods employed in
Leather Manufacture were primarily intended mainly for the
use of my own students, and merely to supplement verbal
teaching ; and although the scope of the book has been con-
siderably expanded, it is occupied mainly with the practical
details of analytical processes, and makes no attempt to teach
either chemical theory, or the principles of leather manufacture.
~ There is, of course, but little original in the methods described ;
but with scarcely an exception they have been carefully tested
and found satisfactory in my own laboratory, and in many
instances they have been modified to suit the special purposes
for which they are employed. The present edition has been
thoroughly revised, and many new methods added, which, it is
hoped, will prove useful to the practical chemist.

My thanks are due to many of my friends for hints and
suggestions received in the course of my work, but especially
to Mr. J. T. WooD for assistance in revision of the section on
Ferments and Bacteriology.

HENRY R. PROCTER.

UNIVERSITY OF LEEDS,
1908.

333813
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INTRODUCTION.

LEATHER manufacture has long been conducted by rule of
thumb,” rather than by the more exact methods of modern
science, not so much from any preference of manufacturers for
the former, as because, from the inherent difficulties of the
subject, the latter has been scarcely possible: Another obstacle
which has somewhat impeded progress has been a misap-
prehension, perhaps justified in the past by adventurous in-
ventors who would “revolutionise the trade,” as to the part
which chemistry is destined to play in the tanning of the future.
The term “chemical tanning” became one of reproach and
contempt ; and it has been too much forgotten that in every
tan-yard, chemical processes are being carried on of a com-
plexity so great that as yet they are very imperfectly understood,
even by those chemists who have devoted themselves most
thoroughly to the task.

The first service which chemistry must render to the trade is
not to supersede the processes of manufacture which have stood
the test of experience, but to explain the principles on which
they depend, and so enable us to carry them out with more
exactness and invariable success. To do this, we must apply
the usual tools of chemical research—the balance and the
measure ; but to do it successfully, methods have to be elabo-
rated to determine the nature and quantities of the very varied
constituents of all the materials used. In this direction there is
yet much to be done, but it has been my effort in this little book
to sum up the best methods which are yet known, and to put
them in a handy form for use and reference. Those who can
look back on the progress of the last twenty years will feel that,
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however much remains to be done, the progress already made
has been very substantial. It is now possible to determine the
strength and value of most tanning materials with an accuracy
and certainty which then was quite unknown ; waste liquors and
tans can be analysed with approximate accuracy, and the loss
in leaching and tanning ascertained, and many new methods
have been introduced for the control of processes and materials ;
and only the systematic application of these methods is required
to learn much which we yet need to know about the economies
of the tanning process. In liming, bating and drenching, much
information has been gained as to the losses of hide substance
which take place, and the way in which these are influenced by
the materials employed, and the mode in which the process
is conducted ; and new materials have been introduced and
accepted by the trade, for which means of valuation and analysis
have been devised. Bacteriology has taught us at least some
of the methods by which fermentative processes such as puering
and drenching can be regulated, and has strengthened the hope
that we may be made independent of the old and disgusting
materials ; while the removal of lime by purely chemical means
is perfectly understood, and a matter of every-day practice to
many tanners. In the tan-house we no longer hear the vague
talk about “gallic acid” as an enemy to be avoided, but the
amounts of acetic and lactic acid in the liquors are estimated in
well-managed sole-leather yards as a matter of routine; their
influence on the proper tanning of the goods is well understood ;
and it is recognised that they are derived, not from the de-
struction of tannin, but from the sugary matters of the tanning
materials.

In chrome tanning an entirely new process originating
in the laboratory has firmly established itself, and is still
finding new applications ; and the accuracy which is essential
to its success has involved the invention of new schemes of
analysis, and done much to familiarise tanners with chemical
methods.

In the analysis of oils and fats, the old and unreliable tests
have been largely supérseded by new and exact methods; and
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tanners rather than chemists must now be blamed that more is
not known of the differences of constitution which render an oil
fit or unfit for the purposes of the trade ; since, when difficulties
arise, the chemist is constantly told that the source of the mate-
rials in fault cannot be traced, and that no samples have been
preserved for analysis !

In dyeing and staining, the old natural dyes are more and
more giving place to the synthetical organic colours of the
chemist, which compete with them successfully, not only in price
but in brilliancy and fastness. Here, again, the services of the
chemist are in demand, not only to test the qualities of the dyes,
but to match the tints required with the cheapest combinations,
and to recognise the character of unknown colours.

In one way, indeed, chemistry must be admittedly unwelcome
to the conservative tanner—it is the key to mysteries; and has
rediscovered and thrown open to the world many secrets which
he believed safely locked within the doors of his factory ! But
even so it must be reckoned with, for, like the genii of the
stories, it can neither be killed nor bound, but is fortunately
the willing servant of all who have intelligence to use it ; and as
capable of discovering new secrets as of throwing open the old
ones.

A few words may here be said as to the origin and scope
of the succeeding chapters. They originally, in a much briefer
form, were a part of the Author’s ¢ Text-Book of Tanning,’ pub-
lished in 1887 ; but as time went on, and knowledge increased,
it became evident that the amount of analytical chemistry avail-
able and earnestly demanded by the more advanced workers
was too large to be conveniently incorporated in a book intended
rather for the tannery than for the laboratory ; while, on the
other hand, the technical chemist would have had difficulty in
picking out the methods he required from the larger volume.
On these accounts, it was decided to issue the purely laboratory
matter in an independent volume, which has now come to its
second edition, and the reader may be referred for informa-
tion on the theory and practice of leather manufacture to the
‘ Principles of Leather Manufacture,” which has appeared as a






THE LEATHER INDUSTRIES
LABORATORY BOOK.

SECTION 1.

GENERAL METHODS.

THE object of chemical analysis is to divide a material into
its constituent parts, so that they may be weighed or measured,
and their proportions calculated. These are generally expressed
as percentages of the whole, and are calculated by multiplying
the weight found by 100, and dividing by the original weight of
material used. It is rarely necessary or desirable to go beyond
the first place of decimals in technical analyses. Sometimes the
weight of the substance which it is desired to estimate is not
found directly, but calculated from that of some other substance
to which it is known to be proportional.

Weighing.—Substances must never be weighed directly in
the balance pan, but always in a basin or some other vessel, of
which the weight is previously determined, and which must be
dry, cool, and clean, and must not be touched by hot or damp
fingers before weighing. Vessels which have been heated,
especially if they contain substances which absorb moisture
readily, must be allowed to cool in the “ desiccator” or “exsic-
cator,” a vessel with an air-tight cover, and usually containing
dry calcium chloride or sodium hydrate, or pumice moistened
with concentrated sulphuric acid. It must be placed on the pan
while the balance is arrested, and neither vessel nor weights must
ever be touched while the beam is free. Weights are placed on
the right-hand pan with forceps, beginning with the largest, and
trying each in turn by liberating the balance, till one is found

B
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which is lighter than the body which is to be weighed. Smaller
weights are then added in the same way, always trying the
larger first, and keeping the weight below that of the object.
When the weight is within one centigram, the balance case is
closed, and the final adjustment is made with the rider. This is
complete when the index swings an equal distance on each side
of the centre. Many balances are adjusted to swing an even
number of divisions to one side or the other for each milligram
of over or under-weight, and most can be made to do so by

~ e - = =

F1G6, 1.—CHEMICAL BALANCE,
a, scale for rider ; 4, arrestment for pans ; ¢, ¢, arms for moving rider.

suitable adjustment. Where this is the case the division at
which the pointer turns at each side is noted and that to the left
deducted from that to the right, and the corresponding number
of milligrams + or —, added to the weight on the pan. It is
generally safest to confirm the result by moving the rider to
the weight indicated. The balance may be made to oscillate if
required by gentle fanning with the hand. The weight should
be read off the empty spacesin the box, and entered in the note-
book, and checked in taking off the weights.
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Measuring is done in glass vessels marked to definite quan-
tities. Water, and all other liquids which wet glass, form a
hollow upper surface or meniscus, the lowest part of which must
be brought level with the mark. This is most accurately done
by looking through the liquid at some distant light object nearly
level with the eye, the lower surface of the meniscus being
darkened, if necessary, by holding some dark object behind

-
bl -
o]
—c Culy|
= e
B =9
S <5 =4 2
| cc BRI
=9 I5HG =) =5
£y H- :?211
] E =
= 24 =
Er =i = =
E = = =44
= 5 =% z
4 = e =
3 £ B = %
= = =9 £
= = 50 = T
=5 =4 I =69
= £ £ =
1=, = = =
N =% = =
= Za £° = =
= = = =% =
== =0 = 1= X
= = =) E S
b= = = = %W
P = &
=0
ST %)
D -
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FI1G. 2.—MEASURING INSTRUMENTS,

and slightly below it. A less accurate method is to look at the
lower edge of a white card held behind and nearly level with
the meniscus, with which the eye must also be level. For dark-
coloured liquids in burettes, a Mohr’s float should be used,
which may be either of glass or porcelain. Care must be taken
that the vessél is upright while reading. Flasks and cylinders
are usually graduated to conzain the amount to which they are
marked ; pipettes and burettes to de/iver - hence, if the former
B2
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are used for delivery, the amount of liquid which clings to the
sides must be determined and allowed for. Burettes must not
be read till time has been allowed for this to run down, and
pipettes must be drained against the side of the vessel, but not
blown out. The capacity of a vessel may be determined by
weighing the amount of water at 15° C. which it contains (or
delivers), when each gram corresponds to a cubic centimeter
(c.c.)* Both flasks and pipettes are frequently inaccurately
marked, and should be tested before use. The capacity of the
lower divisions of burettes is often less than that of the upper
ones. Pipettes are filled by sucking till the liquid rises above
the mark, quickly placing the forefinger on the top, and allowing .
to run down till the mark is reached. Ordinary pipettes should
not be used in the mouth for very poisonous or corrosive liquids,
but may be sucked through a bulb tube connected with rubber
tubing which is pinched when the pipette is full.

Marking Vessels.—Glass is best marked with a writing dia-
mond, or by etching with hydrofluoric acid. The latter is most
easily done by covering with a thin film of beeswax or solid
paraffin, and etching with a needle. The etched part is then
covered for a few minutes with a piece of blotting paper
moistened with liquid hydrofluoric acid. The latter must be
handled with great care as it is extremely corrosive. Inks con-
taining fluorides are sold for writing on glass. Porcelain basins
and crucibles may be marked in common ink, dried and heated,
first gently and then strongly in the oxidising flame of the
blowpipe.

The Metric System.—As the metric system is now almost
universally employed by chemists from its great convenience for
purposes of calculation, and is likely ultimately to be also used
by all civilised nations for commercial purposes, no apology is
needed for its adoption in this book ; but a few words on its
relations with the antiquated weights and measures still used in
England are perhaps necessary.

Metric weights and measures form a connected system related
to the meter, a measure of length equal to 39°370113 English

* Laboratory vessels are generally graduated at this temperature, but the true
liter is 1 kilogram of water at 4°C. Compare p. 5. Glass-tapped burettes are
generally to be preferred to those with india-rubber tube and pingh-cock, but the tap
should be lubricated with a little vaseline, and removed and washed after use with
caustic alkalies, or it will stick.
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inches, which is approximately 1/10,000,000 of the earth’s quad-
rant measured from pole to equator. The meter is divided into
10 parts, or decimeters, 100 parts, or centimeters, and 1000 parts
or millimeters. The standard of capacity is the cubic decimeter,
or “liter,” which of course contains 1000 cubic centimeters, or c.c.
The standard of weight is that of 1 c.c. of water at 4° C. (the
temperature of the greatest density of water), the weight of
which is called 1 gram. Multiples of this are denoted by Greek
numerals, thus :(—

1 dekagram = 10 grams. (“ Deka”)
1 hectogram = 100 grams.
1 kilogram = 1000 grams, the weight of I liter of water.

In the same way fractions of 1 gram are denoted by Latin
numerals, thus :— ' :

1 decigram = 0O'I gram.
I centigram = 0°OI gram.
1 milligram = 0°001 gram.

For purposes of reduction the following approximate numbers
may generally be used :—

I gram = 15°43 grains. I lb.av. = 4536 grams.
1 liter = o022 gallon 1 gallon =  4°546 liters. *
I cubic meter of water weighs 1000 kilograms,
or 2200 lb., or approximately 1 ton.

I liter = 61°02 cubicinches. 1 fluid 0oz. = 2834 c.c.
I meter = 39° 37 inches. I inch = 25°4 millimeters.

Actual reductions may, however, in most cases be avoided
by treating a question as one of proportion. Thus, I grm. or
c.c. per liter is equivalent to 1 1b. or 4 pint per 100 gallons, or
very approximately to I oz. per cubic foot ; 100 gallons of water
weighing 1000 lb., and 1 cubic foot 997 oz.

For laboratory use, “ Mohr’s liter,” which is the volume of
1000 grm. of water at 15° C. (59° F.), or ordinary laboratory
temperature, is usually employed in place of the true liter, which
is the volume of 1000 grm. at 4° C,

* The small difference between 1 gallon measured in liters, and 10 Ib. avoirdupois

measured in grams, is due to the different standard temperatures of the two systems.
Consequently 1 gallon would only contain 4°536 ‘¢ Mohr’s liters.”
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and dry, then filled with water, and finally with the liquid of
which the specific gravity is to be taken. The weight of the liquid
divided by that of the water (deducting the weight of the flask in
each case), gives the sp. gr.  To fill, place the flask on a saucer, fill
quite full, insert stopper firmly and wash with cold water, or in the
case of oils and fats, with petroleum sgirit or benzoline, or other
fat solvent, finally drying with a clean cloth. With thick liquids,
such as extracts and viscid oils, a wide-necked flask, and a short
wide funnel must be used in filling, and great care taken to avoid
air-bubbles. Air-bubbles may
also be removed by keeping
the flask for some time in an
exhausted air-pump receiver.
Immediately after weighing
the stopper must be with-
drawn, and after returning as
much of the extract to the
sample as possible, the flask
must be washed out with hot
water, or, in the case of fats,
with a suitable fat-solvent, and
dried ready for use when
wanted. For small quantities
of liquid, the Sprengel tube,
Fig. 3, is useful. It is filled
through A by suction, and
the liquid adjusted to mark
M by applying blotting-paper
to A to remove, or a glass rod
with a drop to replace liquid. -
A and B should not exceed about I mm. in internal diameter.
Solids, or very pasty extracts, may be determined by placing
any convenient quantity in the flask, weighing, filling up with
water, and weighing again. * Deducting the weight of water so
added from the total the empty flask would contain, the re-
mainder is the weight of water which would occupy the same
space as the solid, and which divided into the weight of the latter
gives its sp. gr. Solid fats may be melted and allowed to
solidify in the flask, but 18 to 24 hours should be allowed before
filling with water and weighing, as fats only slowly regain their

F1G. 3.—SPRENGEL TUBE.
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original density after fusion. On the use of sp. gr. in water for
determining dry solids in wet hide, see p. 99. Solids may also
be determined by suspending by a fine wire from the hook above
the balance pan, and weighing first in air, and then in water con-
tained in a beaker supported on a bridge over the pan, resting on
the bottom of the balance case. The last weight deducted from
the first gives that of the water which has been displaced. If a
solid of known weight in air, such as a glass plummet, be weighed
first in water, and then in some other liquid, supported on the
bridge, the loss of weight in the last case, divided by that in the
first, will give the sp. gr. of the liquid. Special balances on the
principle of the steelyard are often used for the purpose.
Specific gravities of liquids are rapidly taken with tolerable
accuracy by hydrometers, which sink till they displace a volume of
liquid equal to their own weight. Many of these are graduated
for special purposes or have quite arbitrary scales. The degrees
of the barkometer may be reduced to sp. gr. by dividing by 1000
and adding 1, but are rarely quite accurate. Degrees Twaddell
may be similarly reduced by dividing by 200 and adding 1 (hence
1° Twaddell equals 5° barkometer). Baumé degrees are quite
arbitrary, and can only be reduced by tables, of which several
discrepant ones exist. The following so-called “ Rational ” scale
is one very frequently used; but the use of this and other
arbitrary and unscientific scales is to be avoided as far as

possible :—
BauMm¥ HYDROMETER TABLE.

Baumé, 12°5° C. i Baumé, 12°5° C.

° Sp. gr. ‘l ° Sp. gr.
o .. 1°0000 Aot R e e 153834
5 1°0358 ‘ A A Mo S ) 1RV §
10 .. 1'0745 I SOTE R cr RN T B 5R0T
15 1°1160 O o, o | A EXGuRES SR 7 7143
20 .. ISTOESE Sl =R60L RORIZL N0 5 S TnL 7RG
25 .. 1°2095 I e o B ke ST O S
30 .. 126228 S SSo SLISeRITRSR EE S L S HE g0
35 153202 IEN 72 Sl o eg v . G960

In taking a specific gravity with a hydrometer, the jar should
be placed in a saucer and filled to the brim. Frothisthen swept
off with a glass rod, and the hydrometer put in, overflowing
liquid being caught by the saucer. The hydrometer is read
from the point where the curved surface of the water touches
the stem. 7
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Evaporation is a general method of separating water and
other volatile matter from non-volatile. It is most safely done
on the water or steam-bath, but where large quantities have
to be evaporated it is sometimes best to use a small flame.
Liquids evaporate rapidly at or near boiling-point in broad
shallow basins freely exposed to the air, or may be boiled in a
flask with a funnel or glass bulb in the neck, or in a deep beaker
covered with a clock-glass to avoid spurting, or in many cases,
simply in a long-necked (Jena) flask. Tanning liquors may be
concentrated in a flask as described without very material loss of
tannin, but, like other materials which are injured by heat, are
best evaporated 7z wvacwuo, the boiling point being much lower
under reduced pressure. Many substances apparently dry, as
bark, leather, and the residues after evaporation on the water-
bath, may be thoroughly dried in the water-oven, which, being
surrounded by boiling water and steam, is at nearly 100° C.
Some substances part with water of crystallisation or hydration at
100° C,, but may often be dried without decomposition at ordinary
temperatures over sulphuric acid, and, preferably, 72 vacuo. In
many cases an air-oven may be used with advantage, heated by
gas to 105° or 110° C,, in which the drying is much more rapid ;
but care must be taken that the temperature inside the oven is
uniform and steady. To estimate water, a portion of the sub-
stance must be weighed in a basin or crucible, dried as above,
and re-weighed, when the loss may in most cases be calculated
as water. As most substances when thoroughly dried will ab-
sorb water from the air, the basin must be cooled in the desic-
cator, rapidly weighed, and again dried and weighed till the
weight is constant. Inorganic matters can generally be dried at
a much higher temperature, or even ignited, though other volatile
matters will, of course, be included.

Distillation is merely a case of evaporation in which the
volatile portion is collected. The liquid is placed in a flask,
which is closed by a perforated cork fitted with a tube bent to
an angle somewhat more acute than a right-angle, and fitting
tightly into an inclined condenser consisting of a rather wide
glass tube surrounded by an outer casing, through which cold
water is allowed to flow from a tap. The lower end of the
condenser tube passes into a flask, with which it should form a
pretty close, but not an air-tight, connection, and which, in the
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case of volatile liquids, should also be immersed in cold water
or even in ice. The liquid in the flask is boiled, either by a
flame or on a sand-bath, or, in the case of combustible liquids
like alcohol or ethers, by immersion in a water * or steam-bath ;
and the vapours pass into the condenser, where they are cooled
and condensed, and flow down into the receiving flask.

This simple arrangement is quite satisfactory where mere
purification of a liquid from non-volatile impurities is all that is
required ; but where a more volatile liquid must be separated
from one of higher boiling-point, as for instance alcohol from
water, it does not prove very effective, as a portion of both liquids
is carried over, though in simple cases it will act fairly well. It
is usually necessary to know the temperature of the vapour which
is being distilled, in order to judge when the process has gone far
enough, for which purpose a second hole is made in the cork of
the distilling flask, and the bulb of a thermometer is introduced
into the neck of the flask. A more convenient arrangement is to
use a “distilling flask ” in which a side tube passing into the
condenser is fused into the neck, while the thermometer is fitted
through the cork, with its bulb near the opening of the side tube.
The most difficult case is that of a liquid like petroleum, which
consists of a mixture of a great number of different hydrocarbons
of different boiling-points, which it is desired to separate. When
such a liquid is boiled, the fractions of higher boiling-point distil
first, but the vapour, even from the outset, consists not merely
of the most volatile, but of a mixture of these and a smaller
proportion of the less volatile. “The separation is greatly facili-
tated by the use of a “dephlegmating” or “ fractionating ” tube,
in which the less volatile vapours become condensed, and drop
back into the distilling flask, at the same time washing the
ascending vapours and giving up to them any more volatile
portions. Glynsky’s and Le Bel Henniger’s are, perhaps, the
best forms of this apparatus, but a wide tube filled with large
glass beads or short lengths of quill tubing, and fitted with a
side tube, is also very effective. The arrangement is shown in
Fig. 4. Even with a fractionating tube the separation of the
different liquids is rarely complete ; but by separating into por-
tions boiling, say, from 60° to 70° 70° to 80° and so on, and

* Higher temperatures may be obtained by the use of calcium ‘¢hloride solution, or
by glycerine or oil baths.
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again fractionating these portions separately, nearly pure pro-
ducts may be obtained. Instances of the application of this
method may be found in the separation of alcohols and volatile
acids of the acetic series, and of petroleum ether.
Ignition—Heating to redness in an open vessel drives off
chemically combined water, ammonia, and often carbonic acid,
etc,, and destroys most organic matter. This is generally best
done in platinum vessels, but salts of tin, lead, copper and other
metals easily reduced to the metallic state, must not be heated

Fic. 4.

in platinum, or the vessel may be destroyed. Materials contain-
ing chlorides, or other salts fusible at a red heat, must be ignited
very gently and slowly, or the particles of carbon will be encased
and escape combustion. If this occurs, the addition of a little
water when cool, with subsequent drying on water-bath and re-
ignition will often succeed in completing combustion. In difficult
cases the ash may be moistened with solution of ammonium
nitrate, and again dried and ignited, or the soluble salts may be
extracted with water from the charred mass, which is collected
on a quantitative filter-paper, returned to the crucible and com-
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pletely burnt, and the solution evaporated with the ash after
ignition.

Precipitation—Many substances soluble in water, etc., can
be converted into insoluble compounds, and so separated by
precipitation. Thus, on addition of BaCl,, sulphuric acid (free or
combined with bases) is precipitated as insoluble BaSO, ; and
ammonium oxalate precipitates all soluble lime salts from
neutral or alkaline solution as calcium oxalate, which may be
converted into carbonate by gentle ignition, or into quicklime
{CaO) by strong ignition over the blow-pipe. Precipitation is
mostly aided by warmth and time, and often delayed or pre-
vented by presence of organic matter. It is generally rendered
more complete by an excess of the precipitant. Very finely
divided precipitates, such as calcium oxalate, usually become
coarser by boiling, or standing for some time in the liquid in a
warm place, and are then more easily filtered and washed.

Filtration.—Precipitates are separated from liquids in which
they are suspended by settling and filtration. Circles of paper
are used, as filters, which are folded in four, one fold opened,
and inserted in a funnel, which must be slightly larger than the
cone of paper. The filter must generally be wetted
with distilled water, except when dry filters are re-
quired for solutions for volumetric analyses. This
.water must be allowed to run through the filter, so
that the upper part of the funnel is not wetted. Special
@ filter paper is used for quantitative work, which leaves
no appreciable ash on ignition. With bulky cr gela-
tinous precipitates it is often convenient to use the
vacuum pump where one is available. When this is
not the case, filtration may be much quickened by
the use of a piece of small glass tube below the funnel,
attached with a piece of indiarubber tube as in Fig. 5.
The moistened filter must be closely fitted to the funnel
by gentle pressure round the edge, especially at the
fold.

Washing Precipitates.—Before filtration, it is gene-
rally best to let the precipitate settle, and pour first the
clear liquid on the filter ; and if the precipitate is heavy and settles
well, water may be added, and the settling and decantation re-
peated several times. The liquid should be poured down a glass

FiG. 5.
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rod on to the side of the filter, avoiding spurting, and the last
traces of ‘precipitate removed from the beaker by rubbing with a
cap of rubber tube on the end of the glass rod, and rinsing with a
stream of water from the fine jet of the wash-bottle. A short
glass rod, bent at somewhat more than a right angle, and hung
on the edge of the beaker, is often convenient for pouring and
does not disturb the precipitate. The precipitate must be well
washed on the filter, which is generally best done with hot
water blown on it in a thin stream from the wash-bottle. The
filter should be allowed to run dry each time before adding more
water. If the precipitate is subsequently to be removed from the
paper, it is desirable to wash it as competely down to the bottom
as possible.

Drying Precipitates.—Organic precipitates must be collected
on filters previously dried till constant in the oven, and weighed
in a closed tube or weighing bottle. The filter with precipitate
is similarly dried, weighed, and the weight of the filter deducted.
Instead of weighing the dried filter, it may be balanced by a
second which is dried with the precipitate and used to ascertain
the tare.

Mineral precipitates may generally be ignited. A crucible
previously dried and weighed is placed on glazed black paper,
and most of the precipitate is separated from the filter-paper and
transferred to the crucible. The filter-paper is now folded up
small, twisted in a platinum wire,and carefully burnt in a Bunsen
flame over the crucible, into which the ash is shaken, and the
whole then ignited, cooled in the desiccator and weighed. A
deduction must be made for the filter ash if appreciable, but
with modern papers it may generally be neglected. Where no
reduction is to be feared, precipitates may be ignited with the
paper in the crucible.

Calculation of Results—In many cases the substance actually
weighed is not that of which we require the weight, but some
other compound, from which the weight must be calculated.
Thus sulphuric acid is generally weighed as barium sulphate,
the reaction being as follows :—

HzSO4 + BaC12 = BaSO4 + ZHCI.

The atomic weights are 98 4 208 =233 4 73, and are obtained
by adding the atomic weights of the constituents of each body.



14 THE LEATHER INDUSTRIES LABORATORY BOOK.

Thus in this case we reckon only 98 parts of sulphuric acid
for every 233 parts of barium sulphate weighed. Where many
analyses are made, it is convenient to use factors to give the
actual weight by simple multiplication. Tables. of such factors
and their logarithms are given in the Chemiker Kalender and
many text-books.*

Volumetric Analysis—1It is clear that if we know the weight
of BaCl, required for the above reaction, we can calculate that
of all the other substances, and vice versd. If we have a solution
of BaCl, containing exactly 104 grm. per liter, or 0°104 grm.
per c.c., and if for instance it requires 20 c.c. to precipitate all
the sulphuric acid (free or as sulphates) in a liter of water, we
can calculate that the water contains 20 X 0°049 or 0°98 grm.
of sulphuric acid per liter. Such solutions of known strength as
that of barium chloride are known as “standard solutions ” and
are usually made to contain 1 combining weight of the substance
in grams per liter, or some definite fraction of it. Referring
to the equation, it will be noted that 1 eq. of H,SO, liberates
2 eq. of HCI, and that the 1 atom of Ba in the barium sulphate
takes the place of 2 atoms of hydrogen. Such elements are
called *divalent,” and acids which, like sulphuric, have 2 atoms
of hydrogen which can be displaced by one divalent atom are
called “dibasic.” In making “standard ” solutions of such sub-
stances, it is found convenient, in order to make them correspond
with those of monovalent compounds like hydrochloric acid or
sodium hydrate, to take only /%alf their atomic weight in grams
per liter, or in general terms, such a quantity as will react with
1 monovalent atom such as H, Na, or Cl. Such solutions are
called normal or N|/1 solutions. Solutions of one-tenth this
strength are called decinormal or N|1o.

TABLE GIVING THE QUANTITY OF THE FOLLOWING SUBSTANCES CONTAINED IN,
OR EQUIVALENT TO, I LITER OF N/I OR 10 LITERS OF N/10 SOLUTION.

Sulphuric acid . . H,SO, % mol . 49°0 grm. (= 48 grm. SO,).
Hydrochloric acid . HCI TR S =365 5 o (=135 45 grmLrCl)?
Nitricacid . . . HNO,; Ty =050

Sulphurous acid. . H,SO, A=A TE O] B

Oxalicacid . . . H,C,0,.2Aq % ,, = 630 ,

* Kiister’s ¢ Logarithmische Rechentafeln fiir Chemiker,” Bejt and Co., Leipzig,
is very complete. The use of the slide-rule saves much time in calculation, and is
mostly sufficiently exact.
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Formicacid . . . HCOOH 1 mol. = 460 grm.
FAceticracidin. s = NGHRCOOHRE 1= -8 /=" 6020 1,,
FECtictacdtg - 1= CaHLOF GO OHET = 7. 88 =F g0 0 1Y),
Sodium hydrate . . NaOH 14 o oy = e
Sodium  carbonate Na,CO, ARSI — s 2l om
(anhydrous).
Sodium  carbonate Na,CO;. 10Aq % ,, = 1430 ,,
(crystallised).
Potassium hydrate . KOH T (c G
Magnesia . . . MgO 3 ,, = 40°2 ,, (insoluble).
Bagyta = (AN BaO FEIE BP9 63750, S (s0] 022 8 gt c SIS )®
Barium hydrate. . Ba(OH),.8Aq % ,, = 1577 ,,
Barium chloride . BaCl,.2Aq A ARSI =12 2 IS
Calcium oxide (lime) Ca0 2 ., = 281 ,, (solo"12p.c).
Calcium hydrate . Ca(OH), SO LR N0l
Calcium carbonate . CaCoO, 3 ,, = 500 ,, (insoluble).
Ammonia . . . NH, 1 = O (RN,
ZIDCERIL MEICIISE ) Zn SR = 2 oL R
Silver nitrate . . AgNO, I =T 7 O O R (SRR ST @)
Potassium permanga- KMnOy + ,, = 316 ,, Asoxidising agents.
nate.
Potassium bichromate K,Cr,0, A =1 4970 " ISDok
Chromic ¢“acid” 5 CrO; = 100°1
(anhydride) } Cr0, 3, = 334 5 DO'{ fCr,O:: 152-2))
Iodine . . . . I T — 112 6 O RS T:) o
Bromine . . . Br 1 o =TS0 NP D) of

Sodium thiosulphate Na,S,0;. 5Aq 1 . 248-2 ,, in reducing Iand Br.

These figures are corrected to the International Table of atomic weights, taking
O = 16, but decimals less than 0°3 may for most practical purposes be disregarded,
and in some cases the atomic weights themselves are uncertain to this extent.

SECTION IIL

ALKALIMETRY.

ONE of the most important applications of volumetric analysis is
the estimation of acids and bases which unite together to form
salts. Thus nitric acid and sodium hydrate react to form the
neutral salt sodium nitrate, according to the following equa-
tion :—
NaOH + HNO; = NaNO; + OH,
40 + 63 = 83 + 18

It is obvious that if the quantity of nitric acid necessary to
combine with the whole of the soda is known, the amount of the
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latter can be calculated, and vice versd. Since both free acids
and free bases have marked properties which are not shared by
their salts, the completion of the reaction can be determined
with great accuracy, usually by the aid of “ indicators,” which are
génerally substances which show a marked colour-change on
passing from the alkaline to the acid condition, or vice versa.
According to the modern view, the acids owe their distinctive
character as a class to the fact that in dilute solution they
become partially dissociated into H and another “ion,” differing
with the acid, but in the case of nitric acid NO;. Similarly, the
alkalies dissociate into the ions OH and the alkali-metal (or some
group such as NH, which takes the place of a metal). Their
“strength ” or chemical activity depends on the extent to which
they are dissociated or ionised in solution, the stronger acids
and bases being so dissociated to the extent of about go per
cent. in decinormal solution, while the weaker ones are dis-
sociated very little, the extent of dissociation in all cases in-
creasing with increasing dilution. Thus the acids owe their
common properties of sourness, etc. to the presence of the ion H
in their solutions, and the bases to that of OH, and the most
important point in the reaction of acids and bases is the
combination of these two ions to form water, as shown in the
equation, since the salts really remain dissociated in the solution,
and only combine to form a single substance as the water is
evaporated.*

Indicators are mostly weakly acid organic colouring matters,
the salts of which have a markedly different colour from the free
acid. (Weak colour-bases may also be employed, but are not so
commonly useful.) In the presence of a stronger free acid, the
salt of the acid colouring matter is decomposed, and the colour-
acid liberated ; and similarly in the case of basic indicators, the
free base is liberated by a stronger base.

Methy! Orange (Helianthine, Tropaolin D) is the sodium or
ammonium salt of dimethylamidoazobenzenesulphonic acid
CéH,. N (CH,), . N: N . CgH, . SO;H. The free colour-acid
is red (or in the solid form violet), and its salts are yellow, and
their solutions change from yellow to red in the presence of an

* Those who are interested in the modern theory of salt-formation are referred
to Ostwald’s excellent little book, ‘‘ Die Wissenschafiliche Gruhdlage der Analysis-
chen Chemie” (Leipzig), or its English translation.
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acid sufficiently strong to set the colour-acid free. As this acid
is of medium strength, this change is only pronounced in the
presence of the stronger mineral acids, andiis scarcely affected
by carbonic, boric, sulphydric, arsenious, silicic, oleic, stearic and
many other weak inorganic and organic acids. Thus methyl
orange is quite useless for the titration of even the stronger
organic acids, such as acetic and lactic, with which it gives no
definite end-reaction, and their influence is still further diminished
in alcoholic solution, probably because of their diminished
ionisation in this medium, and it is said that it may be used for
titrating sulphuric or hydrochloric acids in the presence of free
acetic, if a sufficiency of alcohol is added.* Except for such
special purposes the presence of alcohol is to be avoided, as
diminishing its sensitiveness. On the other hand, it is very
suitable for titrating weak bases, giving sharp reactions with
ammonia, and with most of the alkaloids. The presence of
neutral salts, and even of chlorides, sulphates and nitrates
diminish the sharpness of the colour-change, and should be
avoided as far as possible. Many salts of dibasic and tribasic
acids are alkaline to methyl orange which are neutral to phenol-
phthalein ; and thus by the use of both indicators, bicarbonates,
normal carbonates, and indirectly caustic alkalies can be titrated
in the same solution (p. 28), and sulphurous acid, bisulphites
and sulphites in the presence of each other (p. 27). It is
generally best used in the cold, and does not answer well in
boiling solutions. It is destroyed by free nitrous acid.

An aqueous solution of 1 grm. per liter is most suitable for
general use, of which not more than four or five drops should be
used per 100 c.c. of solution titrated, as the end reaction is less
sharp with larger quantities. When decinormal solutions are
used, the volume required to set free even this quantity of
colour-acid is quite appreciable, and for” very exact work such
as water analysis, an equal number of drops should be added to
a similar volume of distilled water, and the amount of acid
required to produce the colour-change noted, and deducted from
that used in the actual titration, when the colour produced in
the distilled water is matched by that in the liquid titrated.

Phenolphthalein is a much weaker acid than methyl orange,

* In the Author’s hands this method of titration has proved quite unreliable.
C
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and is itself colourless, while its alkaline salts are intensely red.
Hence it is extremely sensitive to weak acids, but only sharply
affected by the strong bases, such as the alkalies and alkaline
earths, and even ammonia gives with it no sharp end-reaction.
Thus it is reddened by alkalies and alkaline carbonates, but not
by hydric carbonates (bicarbonates), nor by the insoluble carbon-
ates of the alkaline earths, nor by neutral sulphites, or salts of the
fatty acids (soaps), and is useless with ammonia. In suitable
cases, it is one of the most sensitive of indicators. It is best
used in I per cent. alcoholic solution, of which two or three drops
are required for titration in aqueous, and more in alcoholic
solutions.

Litmus is less generally useful than the above, except as a
convenient test in the form of red and blue papers. It is red-
dened by acids, blued by alkalies and alkaline carbonates, and
turned an uncertain purple by carbonic acid, but can be used
for the titration of carbonates in a boiling solution.

Lacmoid changes colour like litmus, and may be employed
either as a 1 per cent. alcoholic solution or as red or blue papers.
The papers may in almost all cases be used in place of methyl
orange, being practically insensitive to carbonic and boric acids.
The solution is more affected by these acids, but may be used
with carbonates in boiling solution.

Congo Red is turned blue by acids. Its range of sensitive-
ness is very similar to methyl orange, though the change is less
sudden. Notwithstanding this, it is sometimes useful by artifi-
cial light, or in liquids of which the colour makes methyl orange
inapplicable. It may also be used in the form of test-papers.

Alizarin is a useful indicator in certain special cases, such as
the estimation of hardness in water (p. 33), and yields a violet
solution in presence of alkalies, turning very sharply to yellow
on addition of acid. 4 per cent. of the commercial paste diluted
in water is a suitable strength for use.

Standard Solutions—It is obvious from what has been
already said that if we have a solution of any suitable acid of
exactly known strength, we can determine that of any base by
measuring the quantity required to neutralise it, or similarly we
may start with a known solution of a base, and with it determine
that of any acid ; and, of course, by using the acid solution of
which the strength is thus ascertained, we can determine that of
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any other base. Evidently, the substance selected as our
starting point must be one not liable to change, and which can
be exactly weighed, and which is of perfectly constant composi-
tion, and it is also desirable that it should be either a strong
base, or a strong acid, since with these the indicators react most
sharply. Many substances have been proposed for the purpose ;
but of these, pure normal dry sodium carbonate is one of the
most suitable, and it will be adopted in the following pages.
Great pains should be taken to insure its absolute purity, since
upon this depends the accuracy of all work done with the
standard solutions prepared by its aid.

Solutions of any strength may be used in alkalimetry, so
long as that strength is accurately known, and it was formerly
customary to make special solutions for particular purposes, so
that for example, 1 c.c. corresponded to I per cent. of the sub-
stance to be determined. Reasons have been given on p. 14
why it is generally more convenient that they should contain
one combining equivalent of the substance weighed in grams in
1 liter of solution, or some definite fraction of this strength ; and
calculation can usually be avoided where many analyses have to
be done, by weighing out a suitable quantity of the material of
which the strength is to be determined.

Starting with sodium carbonate, we may either proceed to
dissolve such a quantity as will make exactly 1 liter of “normal”
strength, or we may use the dry carbonate in weighed portions
to determine the exact strength of an acid solution, from which
we can afterwards standardise any alkaline solutions required.
The former is the simpler in theory, and shall be first described,
but the latter will usually be found easier and more accurate in
practice, and less liable to error.

Normal Sodium Carbonate Solution direct. About 60 grm.
of purest anhydrous sodic carbonate is heated over a Bunsen
burner till the bottom of the basin shows faint redness, and is
cooled in the desiccator.* A weighed platinum or porcelain
basin may be used. Weights to 53 grm. and the weight of the
basin are now placed on the balance, and the basin is rapidly
brought to within 0-01 grm. of the same weight by removing as

* A still more accurate method is to dry for some hours at 160°C. in an air-
oven, but no appreciable quantity of carbonic acid is expelled by the method given
in the text.

C 2
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much of the sodic carbonate as is in excess.* A beaker with
about half a liter of water is placed on a sheet of glazed black
paper, and the sodic carbonate added little by little, constantly
stirring with a glass rod till dissolved. The solution is poured
into a liter flask, and the beaker repeatedly rinsed with distilled
water, which is added to the flask till it is filled nearly to the
mark. The temperature is then tested with a thermometer,
and brought as accurately as possible to 15° C.,, and the solution
is made up exactly to the mark by water added from a pipette,
and mixed in the flask as completely as possible, and finally
poured into a clean dry stoppered bottle of somewhat more than
one liter capacity, and shaken vigorously for five minutes.

Normal Hydrochloric Acid.—110 to 120 c.c. of the strongest
hydrochloric acid is diluted to 1 liter, and well shaken in a stop-
pered bottle. A burette is filled with this dilute acid, 10 c.c. of
the normal sodic carbonate is placed in a beaker, 2 drops of methyl
orange solution is added, and then acid from the burette drop by
drop till the solution just changes to orange; the solution being
constantly stirred with a glass rod during the process. This is
repeated several times, the acid being added rapidly to near the
required quantity. The average of the readings is taken, and
the number obtained multiplied by 100 gives the number of c.c.
of the diluted acid required to make I liter. The quantity of
distilled water required to make this up to 1000 c.c.is then accu-
rately measured into a dry liter-flask, which is very carefully
filled up to the mark with the dilute acid. After thorough
mixing in a dry bottle, this should again be tested against the
normal sodic carbonate, of which it should now neutralise an
exactly equal quantity. The solutions should be kept at a
temperature of 15° C. during the process.

In place of using an accurate sodium carbonate solution, an
alternative method of fixing the strength of the standard acid is
to fill a well-stoppered weighing bottle with hot and carefully

* To do this rapidly it must be done systematically. A portion of the material
is removed on a spatula, and the remaining weight tested by releasing the balance.
If still in excess, the portion on the spatula is rejected, and the process repeated till
the weight on the balance proves less than that required. We now know that the
true weight lies within the portion on the spatula, which is gradually shaken back
till the weight is again in excess. The process is now repeated by removing a much
smaller portion, with which a still closer approximation is reached ; and so on until
sufficient accuracy is obtained.
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dried pure sodium carbonate, and after coolingin a desiccator, to
shake out into a beaker a portion conveniently of about half a
gram, of which the weight is determined by weighing the bottle
before and after. This portion is dissolved in water, and titrated
with the dilute acid of which the strength is to be determined ;
of which the number of c.c. required to make 1 liter of normal
acid is found by multiplying the c.c. of acid used by 53, and
dividing by weight of sodium carbonate taken. The average of
several determinations which should agree very closely, is taken
as correct, and is made up to a liter as above described. See
also note, p. 40, for determination by silver nitrate.

Normal Sodium Carbonate from Hydrochloric Acid.—A solu-
tion of sodium carbonate somewhat over normal strength (say,
60 grm. per liter of ordinary air-dry anhydrous sodium carbonate
or 160 grm. of pure soda crystals) is placed in the burette, and
titrated upon 10 c.c. of the normal acid. The calculation is made
precisely as in the case of standardising hydrochloric acid, the
average of several determinations, multiplied by 100, giving the
volume of the soda solution in cubic centimetres, which must be
made up to I liter for a normal solution.

Normal Sodium or Potassium Hydrate, is made precisely as
above by standardising against normal hydrochloric or sulphuric
acid ; 45 grm. of the purest NaOH, or 60 grm. of KOH being
suitable quantities for 1 liter of the rough solution. To exclude
carbonic acid, caustic standard solutions must be kept under
petroleum oil (which should be previously well washed with soda
solution, and afterwards with water) ; and when required for use,
drawn off by a siphon passed through the cork of the bottle and
fitted with a piece of rubber tube and a pinch-cock ; or the cork
may be tightly fitted with a tube filled with soda-lime, or absorp-
tion-bulbs with sodium hydrate solution to exclude carbonic
acid.

Barium Hydrate, Calcium Hydrate—Where absolutely caustic
solutions are important, these may be usefully employed as their
carbonates are insoluble, but they absorb carbonic acid and lose
strength rapidly on exposure to the air. A saturated lime solu-
tion is only of about N/20 strength (cp. p. 54), and is often
useful, as at a regular temperature it is practically of constant
strength. Stronger solutions up to nearly normal strength may
be made by the use of sugar solution (cp. pp. 54, 232). Barium
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hydrate is much more soluble than calcium hydrate, a saturated
solution being over N/3, so that any lower strength, such as N/3
can be easily prepared by dilution. If saturated solutions are
employed, as they vary in strength with temperature, the quan-
tity required should be filtered off immediately before use and
the strength determined against standard acid. Supposing that
10 c.c. of N /10 acid require 12 c.c. of the barium hydrate solution
and 10 c.c. of the unknown acid titrated requires 15 c.c,, its value
in N/10 acid is given at once by the proportion

I2 : 1§ = 10cC.C :I2'5 CC.

Normal Sulphuric Acid is made exactly as hydrochloric acid,
but using only about 35 c.c. per liter of the concentrated acid
(sp. gr. 1-840). The acid should be poured into the water, and
not vice versd. It has the advantage that its solution can be
boiled without loss by volatilisation.

Other Normal or Decinormal Acids can be similarly prepared,
but in the case of organic acids, or the weaker mineral acids,
phenolphthalein and caustic alkaline solutions must be used for
standardising, instead of methyl orange and sodium carbonate.
N/1 and N/10 oxalic acid may be made with considerable accu-
racy by dissolving 63 grm. or 6°3 grm. respectively of the purest
recrystallised acid to 1 liter. Before weighing, the acid should
be powdered, and allowed to dry for an hour or so exposed to
the air at ordinary temperature. The solutions do not keep very
well, and the normal solution will deposit crystals if cooled much
below laboratory temperature.

Oxalic acid may be very approximately titrated with methyl
orange, if a few drops of neutral CaCl, solution be added at the
end of the titration to liberate hydrochloric acid by precipitation
of calcium oxalate,

Dectnormal Solutions may be made from the normal, by
measuring 100 c.c. into a liter flask, and filling up with distilled
water. It is well to verify after dilution against a solution of
known accuracy, or a known weight of substance

Testing of Commercial Materials.—The following examples
will give an idea of the use of alkalimetrical methods in
practical testing, but many other applications will suggest them-
selves to the chemist. o

Sulphuric Acid—10 grm. may be made up to 100 c.c. and
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well mixed, and of this 10 c.c. may be tested with normal sodic
hydrate or carbonate in presence of methyl orange. Each 1 c.c.
of soda solution used corresponds to 0°049 grm. or 4'Q per
cent. of H,SO,. For most purposes, the strength may be ascer-
tained from the specific gravity, as measured by a hydrometer or
weighed in a specific gravity bottle by the use of the following

table : —
SULPHURIC ACID. .(Lunge and Isler.)

pre;éi.ic Gravity H,S0, | HyS04 pre;xﬁc Gravity HS04 ;  H,S04
o in vacuo. per cent. | kilos. per liter. .4— in vacuo. per cent. kilos. per liter.
Lfnabaed ! & : A0 il 2| adad
1°000 0°09 0° 001 i 1°40 50° 11 0°702
101 1°57 ‘016 | 1°45 55703 798
1'02 3°03 ‘03I | 150 59°70 896
1°03 449 046 | 155 64°26 -996
1°04 5°96 1062 | 160 68 51 1°096
1°05 e *077 1°65 | 72°82 1°202
1°06 877 ‘093 170 7R 1°312
1'07 10°19 109 1°75 ‘ 81°56 1°427
1°08 11°60 ‘125 1-80 86°90 1°564
1°09 12°99 142 | 1°81 I 8830 1°598
1°10 14°35 158 1°82 goros | 1°639
1°15 20°91 239 1°83 92° 10 1°685
1°20 27532 328 ‘ 1'84 | 95°60 1°759
1°25 3343 "418 1°8415 | 97°70 | I1°799
1°30 39719 "510 1-8385 | 99°95 1-838
1°35 4482 -605 [
|

Note.—The table is reckoned for the gravity of acid at 15° C., compared to the
{maximum) gravity of water at 4°. To calculate to water at 15° multiply by
1000841 —the difference may generally be neglected. It will be noted that the
gravity varies very slowly with increasing strength as the acid approaches 100 per
cent., and-actually falls over 97°7 per cent., so that for very strong acid, gravity
determination is of little value.

In order to calculate values for figures between those given in this and the
following tables, it is generally sufficiently accurate to assume it as proportional to
the difference between the next lower and the next higher value. Thus, if it be

desired to know the strength of an acid of S.G. 1-525, the difference b-etween that for

1°50and 1°55 is 4°56, and the value required is 59°70 + 4°56 X 322_5 or 61°98 per

cent., the complete table giving 62°06.

Full aud accurate tables for most acids and alkalies and many salts are given in the
Chemiker Kalender published annually by Springer, Berlin.

Degrees of Twaddell’s hydrometer may be reduced to specific gravity by multi-
plying by 0°005 and adding 1°, thus 10° Tw. = 1°050 sp. gr.
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As tested by alkalimetry, it is quite possible for an acid to show
over 100 per cent. H,SO, from the presence of anhydride (SOs)
as in “ fuming ” or “ Nordhausen ” sulphuric acid, now often made
by direct addition of anhydride.

The impurities of sulphuric acid most common and injurious
for tanning purposes are iron and nitrous acid. . Iron is detected
on neutralising with soda or ammonia, when it falls as a yellowish
precipitate, which may be recognised by the ordinary tests
(p. 40). Nitric and nitrous acids are detected by pouring a
strong solution of ferrous sulphate cautiously on the top of the
strong cold acid in a test-tube held slanting, when a dark ring is
formed at the junction of the two liquids. Sulphuric acid fre-
quently contains arsenic in considerable quantities and sometimes
other metals.

Hydrochloric Acid may be tested with soda solution like
sulphuric. 1 c.c. of normal soda = 0°0365 grm. or 3-65 per
cent. HCL Its strength may also be calculated from the sp. gr.
by the following table. It may be noted that degrees Twaddell
correspond very approximately to the percentage of actual HClL
A yellow coloration of the acid generally indicates the presence
of iron, which may be confirmed by the usual tests.

'HYDROCHLORIC ACID. (Zunge and Marcklewski.)

Specgﬁc Gravity| HCl HCl Specgﬁc Gravity| HCl
5‘0 in vacuo. |  per cent. kilos. per liter. ‘\ 345“ in vacuo. per cent. kilos. per liter,
® ‘
oo |—.‘ e P e ¥ vl S LN M
|

1°000 l 0'16 0°0016 1°11 21°Q2 0°024
101 2°14 | ‘022 { 112 2382 267
1'02 ! 4°13 ' ‘042 | 1°13 2575 291
103 | 615 *064 1°14 2766 3
1°04 ‘ ST6 ! 085 1°15 29°57 ; 340
1 0§ ’ 10°17 ‘107 1°16 31°52 ’ 366
1'06 12°19 *129 TSI 33°46 ‘ *302
1°07 14°17 ‘152 1°18 35°39 ‘ *418
1-08 16°15 ‘174 1"19 37°23 443
1°09 18- 11 ‘197 ' 1°195 38°16 ; *456
1‘10 \ 20°01 - 220 2°000 39°11 | 469

Cr,?/xlal/zked Oxalic Acid 1888?1 " Aq} should be pure white
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and entirely soluble in distilled water. 6°3 grm. may be weighed
out, and made up to 100 c.c. If 10 c.c. of the solution for a test
be used, each c.c. of normal soda solution equals 10 per cent. or
0°063 grm. of pure crystallised acid, C,O,H; 4+ 2Aq. The end-
reaction with methyl orange is rendered sharper by the addition
of a few drops of neutral calcium chloride towards the end of the
titration ; but it is preferable to use caustic alkali and phenol-
phthalein.

Acetic Actd, CH; . COOH, may be similarly determined, each
c.c. of normal alkali being equivalent to 0:06 grm. of C,H,O,,
but caustic soda, or lime-water, and phenolphthalein should be
used. Brown pyroligneous acid is difficult to test because of the
dark compounds formed with soda, but may be indirectly deter-
mined by the quantity of marble, baric carbonate, or magnesia
which it will dissolve.

Mineral acids in acetic acid, vinegar or other organic acid
solutions may be detected and determined by adding excess of
normal soda or sodium carbonate solution, igniting till the
sodium salt of the organic acid is decomposed, and titrating back
with N/1 acid, and methyl orange. Any loss of alkalinity is due
to mineral acid since salts of all organic acids of the RCOOH
type leave carbonates on ignition (Hehner). Methyl orange is
not reddened by acetic acid in presence of a sufficient quantity of
alcohol, nor by small quantities of free acid in presence of acetates.
The addition of alcohol does not prevent the action of the
stronger acids, so that they can be titrated independently of
acetic in a partially alcoholic solution.*

Formic Acid, HCOOH, is determined like acetic acid ; each
c.c.of N/t NaOH corresponding to 0046 grm. of acid. Itis now
made synthetically by passing CO into soda-lime or concentrated
KOH solution at 100° C. and subsequent decomposition of the
formate by sulphuric acid. The commercial acid should contain
about 65 per cent.

Lactic Acid, C;H,OH . COOH, made by bacterial fermenta-
tion of starch or glucose, may be titrated in the cold with N/I
(or N/10) NaOH and phenolphthalein after dilution with water
to about 10 per cent, 20 grm. of the ordinary commercial acid
being made up to 100 c.c. and 50 c.c. titrated. The operation
should be conducted as rapidly as possible, and the first perma-

* See note, p. 17.
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nent pink shade taken as the end-pnint, to avoid acting on the
lactic anhydride which is usually present. 1 c.c. of normal alkali
corresponds to 0°09o grm. of lactic acid.

To determine the lactic anhydride, 25 c.c. of N/1 NaOH is
added to the solution, neutralised as above, and the mixture is
boiled for twenty minutes in a flask with reflux condenser or a
long tube fitted in the cork to prevent loss of water. It is then
titrated back with N/1 acid. Each c.c. of soda neutralised (or of
acid less than 25 c.c. used) represents 0°081 grm. of lactic an-
hydride, or 0-0go of lactic acid existing in this form. Lactic
anhydride is practically useless for the removal of lime or the
swelling of hides. The boiling should not be prolonged beyond
twenty minutes or other organic matters present may be acted
on by the caustic alkali.

The only serious impurity for tanning purposes which is
likely to be present is iron, which tends to injure the colour of
the leather, Mineral ash may be determined by evaporating a
known weight of the acid, first on the water-bath and then over
a small flame with a cone of filter-paper inserted in the acid, and
subsequently raising the temperature till the ash is free from
carbon. The ash is then taken up with hydrochloric acid,
evaporated (in porcelain basin) with a little nitric acid to small
bulk, diluted with water to a known volume, and the iron is
determined colorimetrically as described on p. 40. Sulphuric,
oxalic and hydrochloric acids and their salts may be detected in
the original solution by the usual reagents, and free mineral acids
by evaporation to dryness with a measured excess of Na,CO,
solution, cautious ignition and subsequent titration of the sodium
carbonate formed. Any deficiency will be due to the presence
of free mineral acids, which are often present. Compare p. 367.

Boric (Boracic) Acid and Borates—See p. 74.

Caustic alkalies may be estimated with N/1 or N/10, HCl or
H,SO,, using either methyl orange or phenolphthalein as indica-
tors. 1 c.c. of N/1 acid corresponds to 0040 grm. of NaOH or
00561 of KOH.

Ammonia may be similarly estimated, but methyl orange
and not phenolphthalein must be used as indicator. Cp. p. 64.

Sodwum and potassium may be estimated in carbonates,
sulphides, borates and the salts of some other.weak acids by
the use of standard hydrochloric or sulphuric acid and methyl
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orange, which is not at all affected by these weak acids. 1 c.c.
of normal acid corresponds to 0°023 grm. Na and 0°0391
grm. K.

Sometimes by taking advantage of the different sensitiveness
of methyl orange and phenolphthalein to acids and bases, it is
possible to estimate a free acid or base and a salt at once in the
same solution, as in the following instances.

Estimation of Sulphurous Acid and Sulphites.—It has been
noted (p. 17) that bisulphites (hydric sulphites) are neutral to
methyl orange and acid to phenolphthalein. If, therefore, both
indicators be added to a solution containing free sulphurous acid
and a bisulphite, and lime-water or N/10 caustic soda be added
from a burette till the methyl] orange becomes yellow, the whole
of the free sulphurous acid will have been converted into bi-
sulphite (half saturated with base), and each c.c. or N/10 alkali
will equal one-tenth of a milligram-molecule of SO,, or 64 mgr.,
thus :—

H,SO; + NaOH = NaHSO; + OH..

If the standard solution be again added till the phenol-
phthalein becomes pink, the whole of the bisulphite, both that
originally present and that formed from the free sulphurous acid,
will be converted into neutral sulphite SO(NaO),, and again each
c.c. of N/10 soda used will equal 6 4 mgr., or one-tenth milligram-
molecule of SO, present as bisulphite. Deducting from this an
amount equal to that estimated as free acid, the bisulphite
originally present is obtained. If the solution of sulphurous acid
is at all a strong one, the titration must be done very rapidly in
a narrow-necked flask to avoid loss by vaporisation, or the acid
solution may be put in the burette and run into a known measure
of caustic soda solution, when of course the order of the indica-
tions will be reversed.

If instead of a mixture of free acid and bisulphite, a mixture
of hydric and neutral sulphite is to be estimated, the hydric
sulphite may be first titrated with caustic soda as described, and
then the resultant neutral sulphite titrated with methyl orange
and N/10 hydrochloric acid till the latter is reddened. Each
c.c. of N/1o acid will then be equivalent to 6°4 mgr. of the SO,
present as neutral sulphite, from which that found as bisulphite
must be deducted.
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As an example, the following analysis of a sulphurous acid
solution, which has been used for deliming, may be given, lime-
water being used for titration.

10 c.c. of N/10o HCI = 213 c.c. lime-water.

10 c.c. sulphite liquor with| _ '3
methyl orange. ST ¥

10 c.c. sulphite liquor with] _ bor b
phenolphthalein. B ¢ ”

Then
937?3—6»& = 2-97 grm. per liter of SO, free
and
EE%B — 2'97 = 410 grm. per liter of SO, as bisulphite.

For other methods of estimation of sulphurous acid and
sulphites, compare p. 73. .

Hydrates, Carbonates and Bicarbonates of the alkalies may
be estimated in a similar manner. Carbonates of the alkalies
are alkaline, and bicarbonates neutral to phenolphthalein, and
both are alkaline to methyl orange. Thus a mixture of alkaline
carbonate and bicarbonate may be titrated in dilute solution
by cautious addition of N/10 HCI or H,SO, till the colour of
phenolphthalein is discharged, when each equivalent of acid will
equal two equivalents of base converted as under—

Na,CO, + HCI = NaHCO, + NaCl.

Acid is then added till methyl orange is reddened, and the
whole acid consumed in both operations corresponds to the total
base originally present in both forms. The result, however, is
only accurate if the titration is done somewhat slowly and in
dilute solution to prevent escape of carbonic acid. If a deep
vessel is used, and a capillary tube attached to the burette is
carried well below the surface, greater accuracy is obtained.

Another method is as follows. Alkaline earthy carbonates
are alkaline to methyl orange, and neutral, especially after
boiling, to phenolphthalein. This is applied to the analysis of
lime, p. 54, and may also be utilised to determine caustic alkali
in presence of carbonate in soda ash, etc. The. solution to be
tested is boiled with excess of neutral calcium (or barium)
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chloride in a flask, converting the alkaline carbonate into chloride
with production of insoluble calcium or barium carbonate, and
is first titrated with HCl and phenolphthalein to determine
the caustic alkali, and then with methyl orange for the car-
bonate.

“In the latter titration it is convenient to add slight excess of
acid, heat or digest for a short time to dissolve the carbonate,
and titrate back with normal soda or sodic carbonate.

Alkaline Chromates are neutral to phenolphthalein,* while
bichromates areacid. The latter may, therefore, be titrated with
caustic soda in presence of the former. For details see p. 259.

In conclusion of this section, it may be pointed out that the
possession of an accurate chemical balance is by no means neces-
sary for many of the estimations just described. Standard solu-
tions can be bought ready prepared, and from one accurate
normal acid or alkali a great variety of other solutions can be
adjusted by the use of measuring vessels only. 100 grm., or
even 1 lb. (=113"4 grm.) of the material may be dissolved and
made up to I liter, well, mixed, and a measured quantity of the
solution such as will bring it to the approximate strength
required again diluted to 1 liter. Liquids, especially concen-
trated acids, which are awkward to weigh without proper ap-
pliances, may be measured, and either their strength per liter
determined, or their weight calculated from their specific gravity.
Thus 100 c.c. of sulphuric acid of 188° Tw. (S.G. 1°84) will
weigh 184 grm., and, made up to 1 liter, will be about 3§ times
normal strength.

* The purest potassium chromate slightly reddens phenolphthalein in dilute solu-
tion, owing to hydrolytic dissociation; but this immediately disappears on the
addition of a trace of acid or of bichromate, and its amount is too small to practically
affect the accuracy of the titration. Similar effects are common with salts, either of
weak acids or weak bases, though they are frequently overlooked.
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SECTION IIIL

TECHNICAL WATER ANALYSIS.

THE analysis of water for technical purposes usually only extends
to its mineral constituents, the traces of organic impurity which
are important in potable waters, having but little effect on most
chemical and technical uses. Bacteriological examination has
received too little attention from the technical chemist, since
there are many manufactures in which the presence of organised
ferments is of an importance only second to that of their exist-
ence in drinking water ; and some hints on this point are given
in the section on bacteriology, p. 427. The “hardness” of water
is, on the whole, of the greatest manufacturing moment, but has
been considered too exclusively from the point of view of the soap
user, which often differs widely from that of other manufacturers ;
and although as an empirical method for determining the quan-
tity of soap likely to be destroyed by a given water, the soap-
test has its practical value, there are other and easier ways of
learning with much greater exactitude, what the actual qualitative
and quantitative character of the hardness is. If no other fault
existed in the soap-test than that it became practically useless in
the presence of much magnesia, it would be sufficient to condemn
it for general purposes, but when the somewhat indefinite char-
acter of the reagent, and the still more indefinite character of
the reaction is considered, it becomes unnecessary to labour the
subject. It is now possible, by simple volumetric methods, and
with a high degree of accuracy, to determine not merely tempor-
ary and permanent hardness, but the actual quantities of lime,
magnesia, iron, carbonic and sulphuric acids, and chlorine con-
tained in a water, and with this information, the effect of the
water on any chemical reaction may in most cases be completely
foretold, while the labour involved is much less than that of a
complete gravimetric analysis. It must, however, be pointed out
that a water with “total hardness ” equal to 50 parts of calcium
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carbonate per 100,000 is a very hard one, but looked at as a volu-
metric solution it is only centinormal, and must be determined
with an accuracy which should reach 1/soth of its strength, and
to do this successfully involves many precautions which are quite
unnecessary in the use of ordinary normal solutions.

Temporary Hardness.—The credit of having first introduced
a practical and scientific method of hardness determination be-
longs to Hehner, who titrates the temporary or bicarbonate hard-
ness with N/10 HCI, using methyl orange as an indicator, which
is practically insensitive to carbonic acid. The method gives
very exact results if certain precautions are taken.. Methyl
orange is the sodium salt of a colour acid of moderate strength,
and the change from the yellow salt condition to the red colour
of the free acid * marks the end point, which is sharp and exact
when working with strong mineral acids, and with normal solu-
tions. Even in this case it is desirable to use the smallest pos-
sible amount of the indicator, but, in working with N/10 solutions,
the amount of acid required to completely decompose the colour
salt becomes very perceptible, and the change from yellow to red
is not instantaneous, but passes through orange to pink with the
consumption of an appreciable amount of acid. Thus it was
found that, using a 10 grm. per liter solution of the indicator in
25 c.c. of water freed from carbonic acid by previous boiling, the
following quantities of N/10 HCIl were required to produce a
clear pink: 8 drops of methyl orange solution = 1°§5 cc.; 4
drops = 0°8c.c.; 2 drops = 0°'5 c.c. Aseven 0'5 c.c. in titrat-
ing 100 c.c. of water would correspond to 2-5 parts of hardness
per 100,000 and there is always a question as to what particular
colour corresponds to the neutral point, the following procedure
may be recommended. To 100 c.c. of distilled water, one drop
or some other definite quantity of the indicator is added, and
titrated, with N/10 HCl or H,SO,, to orange, or to the tint to
the change of which the eye of the individual operator is most
sensitive. The water of which the hardness is to be determined
is similarly titrated with the same quantity of indicator, and ina
similar beaker, until it exactly matches the distilled water, and
from the amount of acid so used the quantity is deducted as a

* “A recent view is that the colour substance acts as an acid in presence of bases,

and a base in presence of strong acids ; but this point is only of theoretical import-
ance.
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correction which was required to produce the same colour change
with distilled water only. The results so obtained accurately
correspond with those got by using alizarin as an indicator in
boiling solution, though in the latter method the end reaction is
sharper. It may be noted that methyl orange is not absolutely
unaffected by carbonic acid, a somewhat crocus-yellow being
attained instead of the lemon-yellow reached with pure boiled
water, but the difference is insufficient to interfere with its satis-
factory use as an indicator.

Each c.c. of acid used per 100 c.c. of water represents 5 parts
of CaCOQ;, or 28 parts CaO, 2 parts Ca, and 3 parts combined
CO; per 100,000. Hardness is often expressed in “ degrees.”
French degrees are parts of CaCQO,, German of CaQ, in 100,000,
while English were formerly grains of CaCO; per gallon (70,000
grs.). Itis best, therefore, to avoid the use of the term and state
simply as parts CaCO; per 100,000.

In place of methyl orange, alizarin paste may be used, with the
precautions detailed in the following paragraph.

Permanent Hardness—Hehner’s method for the determination
of permanent hardness is less satisfactory than that of temporary.
It consists in evaporating 100 c.c. of the water to dryness with a
known excess, say 20 c.c, of N/10 sodium carbonate solution,
taking up the soluble matter with cold distilled water, filtering
off the precipitated calcium carbonate and magnesia on a small
filter, washing the precipitate with cold water and titrating back
the excess of sodium carbonate in the filtrate with methyl orange
or rosolic acid as indicator. With lime-hardness only, and with
the precautions above described, the method may be pronounced
fairly satisfactory ; with magnesia, it is well not merely to eva-
porate to dryness but to slightly heat the residue to thoroughly
decompose any magnesium carbonate present, and even then,
the washing should not be excessive, as calcium carbonate is
soluble to the extent of 3 parts per 100,000, and magnesia to
about 2°5 parts. A more accurate, as well as a more rapid
method is to employ a fair excess of sodium carbonate, and to
make up the solution to a known volume, say 100 c.c, and
pipette off an aliquot part for titration, as the presence of excess
of sodium carbonate materially reduces the solubility both of
calcium and magnesium carbonates. Both these methods, how-
ever, should be superseded, where really accurate work is re-



TECHNICAL WATER ANALYSIS. 33

quired, by those introduced by Pfeifer and Wartha.* That for
the determination of temporary hardness is identical with
that of Hehner, except that, in place of methyl orange, a
drop of a mixture of about I grm. of the purest alizarin paste
in 200c.c. of distilled water is employed. This indicator is
surprisingly sensitive ; even more so than phenolphthalein, but
as it is unfortunately affected by carbon dioxide it is necessary
to complete the titration at a boiling temperature. The change
is from violet in alkaline solution (perhaps slightly varying
in shade with the nature of the particular base present) to
a perfectly clear pale lemon-yellow when neutral or acid. The
titration of the water should be done with N/10 HCl or H,SO,
in a silver, platinum, or hard porcelain basin. The acid should
be added in the cold till the violet shade gives place to a clean
yellow, and the liquid then brought to a boil, when, with the
escape of carbonic acid, the violet colour will return, and should
at once be destroyed by the addition of another drop of the acid,
and so on, until no further change of colour takes place. It is
undesirable to boil the indicator long, especially in an alkaline
condition, as a violet deposit is formed on the sides of the basin,
presumably of calcium and magnesium alizarates, which can only
be dissolved by excess of acid, and is thus apt to cause percept-
ible errors. In place of titrating to exact neutrality, the acid
may be added in very small excess, and the whole of the liberated
carbon dioxide boiled off at once, and the solution then brought
back to neutrality by N/1o NaOH, the solution boiled for a
moment, and the titration completed.

The results in either case are exact, a fraction of a drop of
alkali changing the clear lemon-colour to a dirty yellow. If
100 c.c. of water are used, multiplication of the c.c. of acid by §
gives the temporary hardness in parts of CaCO; per 100,000.
The boiling must in on case take place in an ordinary glass
beaker or flask, as an amount of alkali is dissolved which may
lead to serious inaccuracy. Even hard Jena glass is not free
from this effect, though the amount dissolved is so small that for
most practical purposes it may be neglected. The following
experiment will illustrate the point. 100 c.c. of distilled water

* Zeits. angew. Chem., 1902, 198. Prof. Lunge states, in a private letter, that
the use of alizarin for this purpose was originated in the laboratory of the Ziirich
* Polytechnicum by Weithi.

D
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boiled for an hour (with additions to maintain the volume) in a
Berlin porcelain basin, showed no alkalinity or colour-change
with alizarin ; in a Jena flask a perceptible change of colour was
visible, but pure yellow was restored with one drop of N/10 acid,
while when boiled in an ordinary Bohemian flask, 04 c.c. of acid
was consumed, and if the neutralised liquid were boiled further,
it again became alkaline, and further additions of acid were re-
quired, so that no coincident results could be obtained. With
the precautions named, the results with a known solution of
hydric calcic carbonate, containing only 5°5 parts of temporary
hardness, and whether titrated alone or with additions of mag-
nesium sulphate, were accurate within one part in 100,000, and
experiments with other quantities were equally satisfactory.
The manipulation is, however, considerably more difficult than
in Hehner’s method with methyl orange, so that for temporary
hardness the latter is usually preferable.

In the determination of permanent hardness, Pfeifer and
Wartha, in addition to the use of alizarin as indicator, have in-
troduced the important improvement of replacing the sodium
carbonate of Hehner’'s method by a mixture of equal parts of
N/10 sodium carbonate and hydroxide solutions. While, as has
been already explained, sodium carbonate perfectly precipitates
calcium salts as carbonates on merely boiling, it becomes neces-
sary to evaporate to dryness and to heat whenever any magne-
sium salt is present, in order to convert magnesium carbonate
into oxide, since magnesium carbonate is not sufficiently insolu-
ble. In presence of sodium hydroxide, however, the magnesium
carbonate is at once converted into magnesium hydroxide, and
perfectly efficient precipitation is obtained by merely boiling for
some time with sufficient excess of the reagent. A good excess,
say 50 per cent. or more, is essential, not only because it s im-
possible to say before analysis what proportion of sodium car-
bonate and what of caustic will be required, but because the
presence of the COj; ions of the sodium carbonate in the solution
greatly lessens the solubility of the calcium carbonate, and
similarly the OH ions of the sodium hydroxide lessen that of the
magnesium hydroxide. Unless the water is extremely hard,
50 c.c. of the N/10 mixed solution to 200 c.c. of water is a con-
venient and sufficient quantity. The mixture, may be boiled
until reduced within 200 c.c. in a platinum or porcelain basin, or
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more conveniently, and with no material loss of accuracy, in a
300 c.c. Jena flask, but on no account in ordinary Bohemian
glass. Even the Jena flask will become perceptibly etched at
the water line if used repeatedly. The solution after cooling, is
made up to 200 c.c. with distilled water in a gauged flask, and
allowed to stand till the precipitated bases have settled, and
100 c.c. is pipetted or siphoned off and titrated. As the quantity
named corresponds to 100 c.c. of the original water, and 25 c.c.
of N/10 alkali, the difference between the acid actually used and
25 c.c. will correspond to the amount of alkali neutralised by the
acids of the permanent hardness, and multiplied by 35 will give
the latter in terms of milligrammes per 100,000 calculated as
calcium carbonate. The temporary hardness will also be pre-
cipitated ; but, containing no fixed acids, will not interfere.
Methyl orange may be used with advantage in place of alizarin,
where the extremest accuracy is not required, but the precau-
tions mentioned on p. 17 must be rigorously observed, and the
standard solutions must be adjusted with the same indicator as
is subsequently used in titration. In place of allowing the pre-
cipitate to settle, the solution may be filtered through a small
filter, which is carefully washed with the solution, of which the
first 5O c.c. or so is rejected, as filters are rarely absolutely free
from acidity or alkalinity, and even if at first perfectly neutral,
easily absorb acids or ammonia from the laboratory air, unless
very carefully protected. Many irregularities occurred in the
determinations until this source of error was detected. 15 cm.
filters of three different makes were macerated with distilled
hot water, and proved in all cases alkaline to methyl orange
and acid to phenolphthalein, the difference between the two in-
dicators, 4+ or —, amounting in each case to about 0*735 c.c. of
N/10 solution.

Alkaline Carbonates.—It occasionally happens that in the
determination of permanent hardness, a larger quantity of acid
is required to neutralise the mixture than corresponds to the
volume of N/Io alkali which has been added, and that therefore
the permanent hardness would appear asa minus quantity. This
somewhat puzzling result is due to the presence of sodium
carbonate in the original water, which in this case can have
no permanent hardness other than that due to the solubility
of calcium carbonate, which cannot be removed by softening.

D 2
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Where sodium carbonate is thus found, a proportionate amount
must be deducted from the temporary hardness, each part of
hardness corresponding to 1°06 part of sodium carbonate, and
each c.c. of N/10 acid to 5°3 mgr. of Na,COs.

Determination of Magnesia.—Since in the ordinary methods
of water softening, lime is precipitated as carbonate, but mag-
nesia as oxide, with the consumption of a double quantity of
caustic lime or caustic alkali, it is impossible from hardness-
determinations alone to calculate the materials required for
softening, or the actual weights of the bases titrated, so long as
it is uncertain whether or in what proportion magnesia is present.
Pfeifer determines this in the following manner. 100 c.c. of the
water is neutralised with N/10 acid in presence of alizarin, in
boiling solution, exactly as in the determination of temporary
hardness, which may precede that of magnesia. A known
quantity of clear limewater (25 or 50 c.c.) which should be
at least 50 per cent. in excess of that required for pre-
cipitating the magnesia present, is measured into a 200 c.c.
flask, the hot neutralised solution is rinsed in with boiling
distilled water free from carbonic acid, and made up with
the latter to 5 c.c. above the mark to allow of contraction
in. cooling; the flask is tightly corked or stoppered, and
well shaken to mix (for which purpose the neck above the
mark must be a long one), and set aside to cool and settle.
Though not essential, it probably increases the completeness of
the precipitation if the corked flask is heated for half an hour or
so on the water-bath. I prefer to allow sufficient time for the
liquid to completely clear, and to siphon or pipette off 100 c.c.
to titrate back with N/10 acid, which may be done cold with
phenolphthalein, or hot with alizarin with equal accuracy. If a
pipette is used it should be sucked with a rubber tube which can
be pinched with the fingers, and the slight excess discharged
into another vessel to avoid disturbance of the precipitate, while
care is needed to avoid carbonation by the breath. Pfeifer
filters, but in this case the strength of the limewater must be
determined by a blank experiment conducted in exactly the same
way with distilled water ; and it is better to reject the first 50
c.c. in each case to avoid error from want of neutrality of the
filter-paper, and great care must be taken to filter rapidly, and
to avoid possibilities of carbonation by the atmosphere, for which



TECHNICAL WATER ANALYSIS. 37

purpose a suction filter with a perforated porcelain disc, covered
with a neatly-fitted disc of filter-paper, answers well. If, on the
other hand, the liquid is settled and pipetted, the risk of carbona-
tion is so small that an equal quantity of the same limewater
may be measured direct and titrated, using the same indicator as
has been employed for the water, phenolphthalein in the cold
being on the whole preferable. Deducting the N/10 acid re-
quired for the mixture of limewater and water from that employed
for the limewater alone, and multiplying the difference by 5,
gives the hardness due to magnesia in terms of milligrammes
of calcium carbonate per 100,000, from which actual Mg may be
reckoned by multiplying by 0'24; or MgO multiplying by 0°4.
Carefully conducted, the method is extremely exact, its accuracy
being quite equal to that of the determination of hardness, and
probably superior to that of any gravimetric method for such
minute quantities. The theory of the process is that, while
calcium hydrate will precipitate magnesia, it has no action on
lime salts ; and a good excess of lime serves not only to quicken
the reaction, but to diminish the solubility of the magnesia. If
iron is present it will.of course be reckoned with the magnesia,
and should be determined colorimetrically with thiocyanate
{p. 40), and deducted. It may be assumed that it is present in
the ferric state, and that therefore 0°24 of Mg corresponds to
0°3733 of Fe. Aluminium, if present, would behave like iron,
any traces of alumina dissolved by lime having no effect (on
phenolphthalein at least), but it is rare that more than traces of
alumina exist in natural waters, though it would have to be
reckoned with in river-waters receiving manufacturing effluents,
and its estimation would not be particularly easy. Possibly a
colorimetric method with alcoholic extract of logwood or some
other mordant dyestuff might be devised where the water was
required for dyeing, but it is not likely that it would introduce
any material error into water-softening calculations, and it would
be removed with the other impurities.

Caleulation of Chemicals Regquived for Softening—Having
determined the magnesia, or, more strictly, the acid with which
it and any other bases are combined which are precipitable by
lime, it becomes possible to calculate the calcium present in the
water, by deducting the magnesia hardness from the total
hardness, and calculating the remainder into Ca by multiplica-
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tion by 0*4. When the proportion of hardness due to magnesia
is known, it is possible to calculate the quantities of lime and
sodium carbonate required for softening, since magnesium salts,
as has been stated, cannot be satisfactorily removed as carbo-
nates, but must be converted into hydroxides by lime or some
other caustic alkali ; and this applies to the permanent hardness
which is converted into carbonate by sodium carbonate as well
as to the bicarbonate reduced to carbonate by lime. Thus each
equivalent of magnesia present requires an additional equivalent
of lime beyond that required by the corresponding calcium salt.
Pfeifer gives a formula for this purpose, calculated for German
degrees of hardness, which are reckoned in parts per 100,000
of CaO instead of parts of CaCOj, as is customary in France
and England. I have, therefore, taken the liberty of transposing
it into terms of parts of CaCO; per 100,000, and slightly
modifying some points where it appears incorrect. /7 in the
formula signifies temporary, and Ap permanent hardness, and
Hm hardness due to magnesia, whether temporary or permanent.
The quantities given are in milligrammes per liter, grammes
per cubic meter, or lb. per 100,000 gallons of the water to
be treated. For complete softening 5°6 (H# + Hm) lime (CaO)
and 10°6 Hp dry sodium carbonate ; or 286 Hp = soda crystals
(Na,CO,. 10H,0) are required. If hardness is to be softened
by liming alone, the quantity required is 56 (H¢+ Hwmz).
This will remove temporary hardness and permanent hardness
due to magnesia, but not that due to lime. Finally, for softening
with sodium hydroxide and sodium carbonate only, which is
sometimes convenient for small boiler installations, we have
8 (Ht + Hm) = NaOH required ; 10°6 (Hp — Ht — Hm) =
Na,COj; required. Consequently, if the water has less permanent
hardness than the sum of the total and magnesia temporary
hardness, it cannot be softened completely in this way without
leaving excess of sodium carbonate in the water. In such
cases barium hydrate may be used with advantage.

If the quantity of CaO for lime-softening only is required,
including that consumed by the free CO,, it may be obtained
experimentally by treating the unneutralised and unboiled water
exactly as has been described for the determination of magnesia,
and in this case the lime actually consumed in miligrammes per
100 c.c. of water will represent the lime in lb. required to soften
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10,000 gallons. It must not be forgotten, however, that com-
mercial limes are far from pure, and the “available lime ” of the
sample used should be determined as on p. 54.

Commercial barium hydrate may be employed instead of
lime to remove temporary hardness, reacting at the same time
with the sulphates which are removed as insoluble barium
sulphate. Its price and the poisonous character of barium salts
are, however, serious obstacles in many cases to its employment.

Free Carbonic Acid—Some waters contain large quantities
of dissolved free carbon dioxide in addition to the “half com-
bined ” present as temporary hardness; and though this is not
included in any hardness determination, it, of course, combines
with and renders useless an equivalent quantity of the lime
added for softening, and must, therefore, be taken into account
in reckoning the lime required.

Estimation of Free Carbonic Acid (Archbutt)—N |10 sodic
carbonate is added slowly from a burette to 100 c.c. of the water,
to which a little phenolphthalein has been added, till a faint
permanent pink is produced. Each c.c. of N/10 sodic carbonate
corresponds to 2°2 mgr. of CO,.  The reaction (Na,CO; + CO,
+ OH, = 2 NaHCQO;), is accurate but somewhat slow, sodic
carbonate being alkaline to phenolphthalein, while hydric sodic
carbonate is neutral.

The sample of water must be taken and preserved in a tightly
closed and full bottle, as the carbonic acid readily escapes.

For each c.c. of N/10 sodic carbonate used on 100 c.c. of the
water, 0-028 grm. of CaO per liter (or 0*028 Ib. per 100 gallons)
will be required for softening in addition to that required for the
hardness (see p. 38).

Estimation of Chlovine—100 c.c. of the water is titrated with
N/10 silver nitrate with potassic chromate as indicator. Each
c.c. of silver nitrate corresponds to 3°55 mgr. of chlorine or
585 of sodic chloride.

Decinormal Silver Nitrate is prepared by dissolving 17 grm.
of pure recrystallised silver nitrate (one-tenth of a gram-equivalent
of AgNQ;) in one liter of distilled water free from organic
matter.

The Potassic Chromate Indicator is a saturated solution of
neutral chromate free from chlorine in distilled water. Its freedom
from Cl is tested by slightly acidifying with nitric acid, and adding
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a few drops of silver nitrate solution, when no precipitate should
be produced.

A few drops of the chromate solution are added to the water,
and then silver solution from the burette till the pure primrose-
yellow of the chromate is faintly tinged with brick-red, and
remains so after vigorous stirring. This method is applicable to
the determination of chlorine in all soluble chlorides. In the
case of BaCl, the barium must previously be converted into
sulphate by addition of sodium sulphate, or it will precipitate the
chromic acid as barium chromate.*

The solution in which Cl is determined by this method must
in all cases be strictly neutral. Acid solutions are easily neu-
tralised by shaking with excess of calcium carbonate or magnesia
(free from chlorides) or a solution of sodium acetate may be
added, the acetic acid liberated being under these conditions too
feebly ionised to interfere. If, however, large amounts of free
acid are present, it is wise first to approximately neutralise with
soda solution.

Colorimetric Estimation of Traces of Iron.—Evaporate 100 c.c.
of water to dryness in a porcelain basin with one or two drops
of dilute sulphuric acid, ignite gently, moisten with nitric acid,
and evaporate to dryness on the steam bath. Redissolve in
water (with a little nitric acid if necessary), and make up to
25 c.c. Mix 10 c.c.of dilute nitric acid (containing I c.c. concen-
trated, sp. gr. 1*35 to 1-40) with § c.c. of a 5 per cent. solution
of potassium thiocyanate (sulphocyanide) in a Nessler glass, add
as many c.c. of the water-residue solution as will produce a
convenient colour for comparison, and make up to 50 c.c. with
distilled water. A second glass is made up with distilled water,
and the same quantities of nitric acid and thiocyanide to about
40 c.c, and a solution containing 0*01 grm. of ferric iron per liter
is added from a burette till, after thoroughly mixing by stirring,
the colour matches the first. The two glasses are placed side by
side on white tile or paper. The comparison should be repeated
several times, conveniently by adding say 1 c.c. more of the
water solution and re-matching. The volume of standard solu-

* The method is conveniently employed as a check on the accuracy of decinormal
hydrochloric acid, and soda or sodium carbonate solutions. . 10 c.c. of the acid,
exactly neutralised by 10 c.c. of the alkaline solution, should require exactly 10 c.c.
of the N/10 silver nitrate to produce the red tinge.
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tion divided by (original) volume of water used gives parts of Fe
per 100,000. The standard solution may be conveniently made
by dissolving 0°496 grm. of pure crystallised ferrous sulphate in
a little nitric acid in a flask, heating till no more red fumes are
given off, making up to I liter with distilled water, and diluting
the solution 1 : 10 before use.

Considerable care is required to obtain nitric acid free both
from nitric oxide and traces of iron. It is best diluted and
distilled in a glass retort, and the pure dilute acid should be kept
in a white glass bottle. As, however, the same quantity of nitric
acid is used in both glasses, the presence of a #race of iron in it
does not vitiate the result.

Organic Impurities.—While organic impurities even in traces
may be of the greatest importance in potable waters, they are
rarely of moment to the tanner, except so far as they are con-
nected with the actual presence of injurious bacteria. The
bacteriological examination is of too special a character to be
usually attempted in the ordinary tannery laboratory, but if the
necessary appliances are available it will be well to make plate-
cultures (p. 445) on a gelatine bouillon or gelatine peptone
medium, and especially to note any organisms which liquefy the
jelly, and which are, therefore, likely to attack hide-substance.
Actual pelt may be sterilised by treatment with chloroform or
ether vapour, with subsequent free washing with sterilised water,
or perhaps better by treatment with 2 per cent. caustic soda
solution and subsequent neutralisation with a calculated quantity
of HCI, and may then be used to test the effect of cultures of
special bacteria. No bacteria or yeasts are known to destroy
tannin, though they produce acid fermentations in liquors (p. 433).
Such acid-forming bacteria are most likely to grow on wort or
glucose gelatines of faintly acid reaction.

While the determination of unorganised organic matter is
rarely required in the analysis of tannery waters, it is not
unfrequently important in connection with cases of alleged river
pollution by tannery effluents. Apart from the colour, smell and
putrescibility of the water, it is desirable to note its reaction with
iron-salts, since traces of tannin of no practical importance give
objectionable colorations with the traces of iron naturally present
in many waters. A solution of iron-alum is the most suitable
reagent. While the total amount of organic matter is not easily
determined, apart from the rough results obtained by ignition of
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the total solids, useful comparative figures are given by the
amount of oxygen absorbed from a solution of potassium per-
manganate. Many different methods of making this determin-
ation have been proposed, yielding different results according to
the concentration of the permanganate, and the temperature and
time of its action. The following method of Kubel-Tiemann is
one of the best, but to obtain comparable results, the directions
given must be strictly adhered to.

Pure distilled water is necessary for making up and diluting
the solutions, as ordinary distilled water often reduces perman-
ganate because of the volatile organic matters which it containe.
To obtain a suitable water, a few crystals of potassium perman-
ganate, and a little pure caustic soda (preferably made from
metallic sodium and freshly fused) are added, and the distillation
is carried out in glass apparatus, the first fourth which comes over
being rejected.

A solution of potassium permanganate is required yielding
01 mgr. of oxygen per c.c., and one of pure oxalic acid consum-
ing the same amount. These are best made by diluting in each
case 1235 c.c. of accurately decinormal solution to 1 liter, the
solutions containing 0395 grm. permanganate, and 07875 grm.
of pure oxalic acid respectively.

The determination is carried out as follows: 100 c.c. of the
pure distilled water, and 5 c.c. of the purest dilute sulphuric
acid (1:3) are placed in a flask of about 300 c.c. capacity, and
the temperature raised to a boil ; 2-3 c.c. of the permanganate
solution is now added from a glass-tapped burette, the solution
is boiled for ten minutes, and 10 c.c. of the oxalic acid is added
and well shaken, and the titration with permanganate continued
till a faint but permanent pink can be seen on holding the flask
over white paper. Very approximately 10 c.c.of the permanga-
nate should be required.

An exactly similar determination is now made, using 100 c.C.
of the water to be tested in place of the distilled water. The
additional amount of permanganate consumed represents that
employed in oxidising the impurities of the water, and each c.c.
represents 0° 1 part of oxygen consumed per 100,000, or T mgr.
per liter. If the solutions of permanganate and oxalic acid did
not accurately correspond when tested with distilled water, the
value obtained must be multiplied by the permanganate required
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for 10 cc.of oxalic acid, and divided by 10. If more than 6-7
c.c. of permanganate are required to oxidise the impurities of the
water tested, a less quantity than 100 c.c. must be taken, and the
volume made up with distilled water, the result being, of course,
multiplied by 100, and divided by the quantity taken. The
presence of ferrous iron or nitrites, or great quantities of am-
monium salts in the water may introduce errors, but a very
short exposure to the air suffices to oxidise and precipitate iron
present as ferrous carbonate, and the other impurities will rarely
seriously interfere.

More important from the sanitary standpoint than contamin-
ation with tan-liquors, is that from old lime-liquors, puers, bates,
and drenches containing putrescible organic matter. In rivers
containing fish, the presence of caustic lime is also specially
objectionable, and is easily tested for with phenolphthalein, and
if necessary estimated by titration. Calcium carbonate, which
does not redden phenolphthalein, is practically harmless, soon
settling as mud.

Nitrogenous matter is generally estimated by the ammonia
which it will yield, and medical officers of health are very fond
of the old “ albuminoid ammonia ” test, from its apparent ease of
execution. However useful this may be as a first test for nitro-
genous impurity in potable waters, it is totally illusory and un-
reliable for ordinary factory effluents, from the very small
quantity of water which can be used and the consequent multi-
plication of errors, as well as from the great variations arising
from small differences in manipulation. A much more reliable
method, in these cases, is that of Kjeldahl as modified for the
purpose by Brown and Martin and others. For the outlines of
this method, see p. 64.

Complete Gravimetric Analysis—The volumetric methods
already given are so accurate, if carefully carried out, that it
is rarely necessary for the purposes of the tanner, to resort to
gravimetric analysis, but occasionally reasons arise which make
it necessary to know all the mineral constituents and their quan-
tity, and the following details are therefore given. For the
‘general methods of manipulations required, Section I. must be
consulted ; but unless considerable chemical experience has been
gained, the fuller accounts of the regular analytical works should
be studied.
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The water, if turbid, must be well shaken before samples are
drawn for any determinations, and 500 c.c. or I liter measured
into a flask, and then filtered through a dried and tared quanti-
tative filter paper (p. 13). The filter is washed with a little dis-
tilled water, which is added to the filtrate, and is then dried in
the water oven (or air oven at 105°-110° C)) till constant, and
weighed : the gain of weight is ““ mud and suspended matter.”
The filter is now ignited, and the residue weighed and entered
as “inorganic suspended matter,” and the difference from the
weight of residue at 100°C. as “organic suspended matter.”
This is not strictly accurate, as some part of the loss may be due
to combined water.

The filtrate, or 500 to 1000 c.c. of the original water, if quite
clear, is now evaporated to small bulk in a weighed platinum
{or porcelain) basin over a small flame applied at one side of the
basin to avoid spurting, the water being added in small quan-
tities as it evaporates. When reduced to perhaps 50 c.c. the
basin is placed on the steam bath and evaporated to dryness,
and then dried at 100° to 110° C. till constant, cooled and weighed.
The weight of the residue is “total solids.” It is gently ignited
and the loss entered as “organic matter and combined water,”
and the residue as “inorganic constituents.” If the ignition has
been at all strong, it is best to moisten with solution of ammo-
nium carbonate to restore CO,, and again ignite very gently.
Magnesium chloride loses its Cl on ignition.

The residue is moistened with concentrated hydrochloric
acid, and evaporated to dryness on the steam bath, and, after
drying at 120° C. for two hours to render silica insoluble, is taken
up with distilled water, more hydrochloric acid being used if any
dark-coloured residue (ferric oxide) remains undissolved. The
solution is filtered, and the residue, after thorough washing, is
ignited and weighed as sé/zca, SiO,. It should be colourless, and
on boiling with dilute hydrochloric acid the solution should give
no precipitate with ammonia and ammonium oxalate (calcium
sulphate).* The filtrate is boiled with a little nitric acid to
oxidise ferrous salts, and ammonia is added till the solution
smells pretty strongly, and the boiling continued a short time.
If a precipitate (ferric hydrate, alumina, phosphates) is formed,

* If any precipitate of calcium oxalate is obtained, it must be estimated and
added to that found in the ordinary course of analysis.
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it is filtered off and washed and ignited and weighed as ferric
oxide, Fe,O,, from which Fe may be calculated as 112 : 160, or
by multiplication by o'7. If the precipitate is considerable it
is well to wash by decantation, re-dissolve in a little HCI, and
precipitate again with ammonia, as otherwise lime and magnesia
are apt to be carried down with the iron. It will contain any
alumina or phosphates present, for the separation of which
chemical text-books must be consulted, but the whole precipitate
is usually so small in quantity as to render this negligible. (Cp.
also p. 365.) To the filtrate (or clear solution) ammonium
chloride is added if little hydrochloric acid has been used, and
then excess of ammonium carbonate and a little ammonium
oxalate, and the solution is boiled, and, if possible, set aside for
twelve hours in a warm place. It is then filtered, and the preci-
pitate, after washing, is strongly ignited, first over the Bunsen
burner, and then before the blow-pipe till the weight remains
constant. It is weighed as /ime, CaO, from which Ca may be
calculated as 40 : 56. If the quantity is large, it is better to
ignite very gently and weigh as calcium carbonate, CaCO, It
should then be moistened with ammonium carbonate, dried in
the water oven, and again very gently ignited, when no gain of
weight will take place unless the first ignition has been too
strong. The atomic weights are: Ca = 40, CaO = 56, CaCO,
= I00.

The filtrate contains salts of Mg and the alkalies from the
water, and ammoniacal salts which have been added. The Mg
may be very accurately determined by the volumetric method
with lime water, given on p. 36. To determine directly, the filtrate
is evaporated to small bulk, strongly acidified with nitric acid and
evaporated to dryness in a porcelain basin under an inverted
funnel to destroy excess of ammonium chloride, or the evapora-
tion may be carried to dryness and the ammonium chloride
expelled by simple heating till no further fumes are given off.
The funnel and basin are rinsed with distilled water into a beaker,
excess of ammonia and sodium phosphate and a little ammonium
chloride added, and the solution covered up and allowed to remain
undisturbed for 12 to 24 hours. The crystalline precipitate is
collected on a filter and washed with a mixture of I part strong
ammonia to § parts water, dried and detached as completely as
possible from the filter, and transferred to a crucible, which is.
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heated at first gently with the cover on, and then.ignited. The
filter is burnt separately, rolled in platinum wire, and the ash
{(free from carbon) is added to the precipitate and strongly
ignited for 15 minutes. The residue is magnesium pyrophos-
phate, Mg,P,0; = 222, from which Mg, = 48 is calculated.

The alkalies are most conveniently determined in the filtrate
from the sulphuric acid determination (see below).

Determination of Sulphuric Acid—At least 250 c.c. of the
original water is rendered distinctly acid with hydrochloric acid,
and is concentrated by evaporation to about 100 c.c.; and to
the boiling liquid excess of barium chloride solution is added
{5 to 10 c.c. of a 10 per cent. solution). The mixture is allowed
to stand for some hours in a warm place, and the clear liquid is
poured through a quantitative filter, and the precipitate washed
several times with hot water by decantation, the wash-waters
being poured through the filter, into which the precipitate is
finally transferred and well washed, dried, ignited and weighed.
It consists of barium sulphate, BaSO, = 233, from which the
SO, = 96 is calculated.

In place of gravimetric estimation with BaCl,, sulphuric acid,
free or as alkaline sulphates, may be conveniently and accurately
estimated by precipitation as benzidine sulphate according to the
elegant method of Wolf Miiller * or its modification by Raschig.f
For the estimation of sulphates in water and for many other
technical purposes, Wolf Miiller's method is perfectly satisfactory,
and will be here described, but in presence of ferric salts and
some other substances fails to give satisfactory results ; and to
overcome these special difficulties Raschig’s method has been
devised, for details of which the original papers must be consulted.

Wolf Miiller's method depends on the fact that while sulphuric
acid, either free or as sulphate, is very completely precipitated
by benzidine chloride, the base benzidine is so weak that any
strong acid in combination with it can be completely estimated
by titration with NaOH and phenolphthalein, as if free. If, then,
an excess of an acid solution of benzidine chloride, of which the
acidity as compared to N/1o NaOH is exactly known, is run
into a solution of an alkaline sulphate carefully neutralised to
phenolphthalein, the sulphuric acid combines with the benzidine

* Chem. Berichte, 1902, p. 1587. ‘.
t Zeit. angew. Ch., 1903, Hefte 26, 34 ; Collegium, 1904, p. 170 & seg.
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and is precipitated and filtered off, while an equivalent portion
of the hydrochloric acid is neutralised by the base, and on
titrating back with NaOH, this deficiency is determined and
calculated as SO,.

For the practical execution of the method, 1 grm. of com-
mercial benzidine base is rubbed up with a little water and
dissolved as completely as possible by warming in 100 c.c. of N/1
HC], made up to 1 liter and filtered. Such a solution will be
approximately N/10 as regards acid, and about 30 c.c. will
precipitate o*1 grm. H,SO,, leaving sufficient excess of benzidine
in solution. It is desirable that the requisite quantity of the
benzidine solution should be measured, and the sulphate solution
added to it, so that the benzidine is always in excess, and after well
mixing, allowed to stand at least five minutes, while for very dilute
solutions, or those containing traces of organic matter, some
hours are not too much, and where much organic matter is present,
precipitation is frequently imperfect. In the estimation of the
sulphates in waters, it will usually be sufficient to add 200 c.c. of
the water to 50 c.c. of the solution, and after filtration to twice
titrate 100 c.c. corresponding to 20 c.c. of benzidine solution and
80 c.c. of the water. If 20 c.c. of the benzidine solution requires
19°3 c.c. of N/10 soda, and 100 c.c. of the filtrate 67 c.c, we
Maes (19°3 — 6°7) X 0°0048 X 100

80

100 c.c. or 726 parts per 100,000. The water must have been
previously boiled to expel CO, and remove temporary hardness,
or an amount corresponding to the temporary hardness of the
water must be added to the number of c.c. of soda required for
neutralising the filtrate, and in any case it is well to raise the
liquid to a boil to expel CO, before completing the titration, if
the greatest accuracy is required.

In applying the method to sulphates of bases which do not
redden phenolphthalein, it is necessary to convert them into
alkaline sulphates by treatment with sodium carbonate, and
subsequent neutralisation and boiling to expel CO,, or to adopt
Dr. Raschig’s modification (loc. ¢it) in which the benzidine
sulphate is filtered off, washed and titrated. In all cases of
doubt the absence of sulphates in the filtrate should be ascer-
attained by testing with barium chloride, which at most should
show a faint turbidity after a considerable time.

= 00726 grm. SO, per
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CeH,NH,
CeH,NH,
and, being a di-amido compound, combines with 1 molecule of
sulphuric or 2 of hydrochloric acid.

Determination of Alkalies—Boil the filtrate from barium
sulphate, p. 46, with excess of baryta water or pzre milk of lime to
remove magnesia, iron and phosphoric acid. Filter, concentrate
filtrate, add ammonia, ammonium carbonate and a few drops of
ammonium oxalate, evaporate to dryness, ignite very gently,
and wash residue with distilled water, filter, and evaporate filtrate
to dryness in a weighed basin with a few drops of hydrochloric
acid. It is safer to repeat the treatment with ammonium
carbonate and oxalate, as traces of lime or baryta are very liable
to escape precipitation. The residue is alkaline chlorides. If
potassium is present in appreciable quantities, which is very
rarely the case, it may be determined as chloroplatinate, or
the chlorine may be determined (p.39 ) and calculated as sodium
chloride, which is deducted from the actual weight of mixed
chlorides. The remainder multiplied by —————39_7;"625 or 0°463

Benzidine is } It has a molecular weight of 184,

represents the potassium chloride.

Statement of Results—As chemical analysis furnishes no
direct information as to the state of combination in which the
acids and bases found existed in the original water, it is cus-
tomary in the first instance to state them separately, the acids
usually being calculated as radicals (ions) which with the base
form the salt, thus Ca 4+ SO,, Ca 4 CO,, etc. Afterwards from
these figures the salts existing in the water may be arranged
with acids and bases in combining proportion and usually on the
assumption that CO; first combines with Ca and then with Mg,
then SO, in the same order. The COj; is calculated from the
temporary hardness, each part of hardness corresponding to 06
part of CO,.

Probably this will be best illustrated by the calculation of an
imaginary somewhat hard water, of temporary hardness 16-0
and permanent 20°8, and total inorganic solids (p. 44), 46° § parts
per 100,000, and of the composition shown in table on next page.

Of course it often happens in practical work that the figures
do not fit quite so exactly as in the above, but at least the total
inorganic solids should very approximately equal the sum of
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the individual determinations stated as above. The method fur-
nishes a useful check on analytical work, but is otherwise of little
practical value, as the original figures together with the hardness

- | [
Per 100,000. CaCO3. CaSOy, MgS0y. NaClL Si0s.
d. . = 2 St S | ‘ » | |
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Sl A5 1'9 188 i)
S{0r BT 1°4 e o o4 ‘ %5 | 1°4
S 4 LB
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determinations furnish all the information required by the chemist,
and we have no real knowledge as to the combinations actually
existing in water, and according to modern theory the statement
as uncombined ions probably more nearly represents the actual
facts than any arrangement in definite salts.

In judging of the suitability of a water for tanning, it may be
generally stated that, in absence of serious organic impurity, the
softer it is the better. The amount of temporary hardness is
of the first importance, as, when employed for washing goods
after unhairing, it fixes both the lime in the hide and that
present as temporary hardness in the form of carbonate, rough-
ening the grain and causing stains and discoloration in the
liguors. The lime thus fixed is not removed by puering or in
the ordinary course of bating, nor even by drenching, unless the
drench is more than usually acid. Temporary-hard waters are
also very objectionable for dissolving extracts and extracting
tanning materials, as, in absence of stronger acids, the lime
carbonate reacts with the tannins, of which it neutralises and
renders useless many times its own weight, forming lime tannates
which oxidise with the formation of dark-coloured compounds
in the liquors.

Permanent hardness is much less injurious in this respect, as
the tannins cannot displace the stronger acids directly, but will
react in presence of alkaline salts of weak acids, which always
exist in tanning liquors, the tannin combining with the lime of

E
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the sulphate or chloride, while the sulphuric or hydrochloric acid
combines with the alkali, displacing the weak organic acid ; but
of course this can only take place in nearly neutral liquors, and
may be prevented by the addition of a calculated quantity of
acetic, formic or lactic acids sufficient to decompose the lime salts
formed. It is possible also that permanent hardness diminishes
the solvent power of the water for the more difficultly soluble
tannins. A

Considerable experimental work has been done on this
subject by Nihoul,* and by Paessler and Appelius, t who have
arrived at almost opposite conclusions as to its importance ;
though both agree that temporary hardness causes some loss,
and decided darkening in colour, both of the liquor and the
leather tanned with it. The explanation of these differences in
result is probably to be sought in the different amounts of acidity,
especially including free carbonic acid present, and in the tem-
peratures of extraction ; the injurious effect being most serious
when heat was employed, and being especially marked with
sumach.

In the manufacture of the finer leathers, hardness is injurious
in several ways beside those already mentioned. In leather-
dying, temporary hardness causes precipitation of the basic coal-
tar colours, which however can be prevented by the addition of
small quantities of acetic acid. Neither temporary nor perma-
nent hardness interfere with the ordinary use of acid colours, as
acid is usually added in considerable excess (see p. 376),
and with the dye-woods they are rather advantageous than
otherwise.

In fat-liquoring of chrome and other tannages the influence
of hard water of either sort is very marked, causing the curdling
and separation of the fat-liquors, with the formation of insoluble
lime and magnesia soaps; and in scouring with soaps it is
equally objectionable. Theoretically each part of hardness per
100,000 destroys about 12 parts of soap (sodium stearate or
oleate), but really the loss is greater, though somewhat variable.
For this reason, where destruction of soap is the important factor,

* influence de la nature de l'eau sur Dextraction des matiéres tannantes.
Collegium, 1902, i. 80,

+ Einfluss der Hirte des Wassers auf die Ausnutzung .der Gerbmaterialen.
Collegium, 1902, i. 223.
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resort may conveniently be had to the direct soap-test; but
this is so rarely the case in leather manufacture that the reader
may be referred for details to special books on water-analysis.
If a hard water must be used with soaps, the only remedy for its
ill effects is to remove both temporary and permanent hardness
by the use of lime and soda, or of barium hydrate. For details
of water-softening, see “ Principles of Leather Manufacture,” p. 95
et seq.

For boiler-feeding, permanent and temporary hardness are
almost equally objectionable. Magnesium sulphate does not
produce scale, but calcium sulphate forms a hard crystalline
coating difficult to detach. Thisis due not merely to the evapor-
ation of the water, but to the fact that the solubility of calcium
sulphate diminishes with temperature and is almost 7z/ at that
of a steam boiler.

Temporary hardness forms a much softer deposit, and a good
deal of the precipitated chalk and magnesia may be removed by
regular sludging, but it is particularly dangerous where oil or
tallow gains access to the boiler from its use in the cylinder or
elsewhere, since it forms with the bases present a soft coherent
scale which resists wetting, and leads to the overheating of the
plates exposed to the fire. Mineral oils have not this effect, but
tend to loosen the scale.

Almost any water is suitable for liming ; while for soaking,
bating, and drenching, mud and sewage are the most injurious
impurities, the bacterial contaminations being of much more im-
portance than the mineral. Iron, however, is decidedly objection-
able.

Traces of chlorine, generally present in the form of common
salt, are unimportant ; but larger quantities tend to. produce thin
and flat leather, and are therefore objectionable for sole-leather
tanning. In still larger proportions, such as occur in tidal
estuaries, it interferes seriously with the solubility of extracts
and the proper leaching of tanning materials. Magnesium
chloride is said to be decomposed at the temperature of a steam
boiler, setting free hydrochloric acid, and undoubtedly causing
corrosion about the water level.

Sodium carbonate, which is occasionally present in waters
in material quantities (see analyses in the following table), is
injurious in a somewhat similar way to temporary hardness;

E 2
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but in water used for limingit increases the plumping, and makes
the unhairing more rapid on account of the caustic soda formed.
Free carbonic acid also fixes the lime in the grain of limy goods,
but is not otherwise injurious.

Iron, even in traces, is to be avoided ; a quantity so small as
one part in a million has been shown under some circumstances
to produce appreciable discoloration both of liquor and the
leather tanned in it, though it is generally present in lalger
quantities than this in ordinary tanning liquors.

The following analyses of actual waters will give some idea
of the variations which may be expected :—

TECHNICAL EXAMINATION OF WATERS FROM VARIOUS SOURCES.
(Parts per 100,000.)

|
Source Jmepe, | pem | o | o B

1. Gomshall, river water .. 6°8 1'o | 18| nil l

2. A5 shallow well .. 16°5 7°0 |2 1

3. 5 artesian well .. 6°5 PERE| S LR

4. North Shields, surface .. 37°% 49'0 | 380 |

5. Newcastle, town supply .. 19°0 T3 AR 000 R 248

6. Well near Hexham .. .. 43 30 | 13 5 x

7. Stourport, A. .. .. .. [ 27°8 19°5 | 15°3 | 100°0

8. e 13 SN AR - o 8-0 1'0 (O S8 -

9. Leeds, Kirkstall Road .. | 28°2 14°4 S0 I 66°4 d:
10. ,, Meanwood Road.. 6°5 nil 2°839'9| 66°3 | 11°8
1 ,, deepwell .. .. 4°0 39°0 51 [ nil 65°9 | 20°6
*12. Chesterfield, A. 2Ll 7°5 56 T4 ks 19°6 45
3. A B. (probable ;

sewage con-
tamination) | 15°0 2553 e gyl S5 648

14. London district.. .. .. 25°0 nil 50 9°'0 - -
*I5. - TEURTR ) e 25°0 9'0 17 | nil 360 133
*16. 4 o § oo lon i b R G303 Gl el 6278 !
*17. ,, Guy’s Hosp. 6°0 2501 01350 I 73°8 13
*18. Cawnpore .. .. o o 9°4 nil 1S3 NX0 465 | =o16:57 39
*19. Limerick .. .. .. .. 35 13°0 2*0 | il 225071 o'y
*20. Stourbridge .. .. .. 18°0 24 50| gl 49°6 82
*21. B e o L P R 32:5 [ 26%23 ., o730 12275
22, Leicester .. .. .. .. | 26°5 10°8 2°8 | "yy. 53°0 | 20°9
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DETAILED ANALYSIS OF SOME OF ABOVE WATERs. (Marked *.)

= Al.l Cat !Mg. Fe. | Na. SO | COs.| CL |Si0 | 502
ey Ay R : |

12. Chesterfield.. .. | .. | 31 1°1| .. A R0 G IR S T 107y % o8
15. London district .. | .. 6°3 4°‘3|trace| .. | 60 [I5'0 | 1'7 A
16. o5 » e [137760°4 1 .. | I°T 41°3 |70°3 120°5 63°9 :330'54 %
¥ o vs el (RIS SHirE ol 1 8232 718581 1334 ‘13'9 TN
18. Cawnpore .. .. | .. I1'8 03 02|46 |4(1I'6 13 1'0 [ £
1o IEimericlet Sy, | ISR 3 ‘2'1‘ 2°2| .. {90 ' 21 | 2°0 P
20. Stourbridge.. .. | .. 10°'9Q 1-0‘ 0'2 | 19|76 11°4 : 6°2 13|26
21. ot AT A | A ‘16'5 |1'4‘l I'L | 6°0 [15°2 12°3 13°7 09| 4°4

SECTION 1IV.
DEPILITANTS.

Solubility of Limes—The strength of lime-water given by
different limes is found to vary slightly.

The explanation of these results is not very easy, but pro-
bably depends on the presence of some other soluble base in
addition to the lime. It harmonises with the old belief of tanners
that pure chalk lime is milder in its action on skin than that
made from less pure limestones. The solubility of any given
lime is easily determined by adding it in excess to water in a
stoppered flask, and shaking frequently till a solution of constant
strength is obtained, of which a measured quantity is titrated
with N/10 hydrochloric acid and phenolphthalein. Saturated
lime water may be conveniently used as an alkaline standard
solution for many purposes, and if kept on excess of lime, is
always caustic, and varies little in strength at ordinary labora-
tory temperatures. It is better to allow it to settle and to remove
the clear solution with a siphon or pipette than to filter, which
often reduces the strength. The solution is nearly 3l normal,
but for accurate work its strength should be occasionally deter-
mined with N/10 acid. The solubility of lime diminishes with
increasing temperature.
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The following table gives the strength of a pure saturated
lime solution for various temperatures as [determined by Mr. A.
Guthrie in the author’s laboratory.*

100 c.c. of saturated lime water at  5° C. contain 0°1350 grm. of CaO.

n 99 3 10 » 071342 ”
b2 i3 bR IS » 0.1320 9
E2] 2 bR) 20 3 0'1293 2
til L2 2 25 ER) 0.I254 2
tR ] b2 2 30 " 0.1219 bRd
3 2 bR 35 ” 0'1161 »
LR ] 2 2 40 th] 0'1119 2
” » » 50 » 070981 »
" » LR 60 LR 0'0879 ”
” 2 ’? 70 2 0.0781 ”
2 ” 2 80 2 0'0740 L]
" bl b 90 i3] 0.0696 k24
9 2 bR 100 LR 0.0597 2

Determination of “Available” Lime—The practical value of
lime for the tanner is easily determinined by drawing a sample by
breaking off small pieces from a number of lumps of the bulk,
coarsely pulverising them in a mortar, and then grinding a
portion as fine as possible, and transferring it at once to a stop-
pered bottle for weighing. A portion of this not exceeding
1 grm. is shaken into a stoppered liter flask, which is filled up
with hot and well-boiled distilled water, and allowed to stand
for some hours with occasional shaking. When cold it is filled
to the mark with recently boiled distilled water, and well shaken
again and allowed to settle, or filtered with as little exposure to
the air as possible, and 25 or 50 c.c. withdrawn with a pipette
and titrated with N/10 hydrochloric or sulphuric acid and phe-
nolphthalein. Each cubic centimeter of N/10 acid equals 0-0028
grm. CaO. The presence of a small quantity of insoluble
sediment in the liquid titrated does not affect the phenol-
phthalein.

Another method, depending on the solubility of lime in cane
sugar solutions, is described by Messrs. Stone and Scheuch.t
One grm. of finely powdered quicklime is shaken for twenty
minutes with 150 c.c. of a 10 per cent. solution of pure lump
sugar, and 10 c.c. of the filtered solution titrated as before with
phenolphthalein and N/1o hydrochloric acid. Calcium car-

.
-

* Journ. Soc. Ch. Ind., 1901, p. 224.
t+ Journ. Amer, Chem. Soc., xvi. p. 721 ; Chem. News, 1894, p. 278.
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bonate, magnesia, alumina and ferric oxide are not dissolved
by sugar solution,” and do not interfere. This method gives
accurate results with careful manipulation, but in the author’s
experience, it is safer to allow the solution to stand some hours,
and it is not on the whole to be preferred to that given above.
A solution of lime in cane sugar solution may be used as a
standard solution, with phenolphthalein as an indicator where a
stronger solution than lime-water is desirable, and the addition
of sugar has also been used to shorten the time of liming. A
25 per cent. solution of cane-sugar will dissolve lime to nearly
N/1 strength. :

If desired, a complete analysis of a lime can be made by
gravimetric methods similar to those employed in determining
the mineral constituents of water (p. 43), but this is rarely neces-
sary for the purposes of the tanner. The total bases existing as
oxides, carbonates and easily decomposable silicates, are readily
determined by treating 1 grm. of the finely powdered sample
with 50 c.c. of N/1 HCI, and titrating the excess of acid.

Sodium Sulphide, crystallised sulphide of sodium, Na,S.9
Aq, contains 67 ' 5 per cent. of water, and 32°5 per cent. Na,S.
A fused salt is also sold, containing a much larger percentage of
Na,S. It will generally be sufficient to determine the sodium
and sulphur, any sodium in excess of that required to form the
sulphide being calculated as sodic .carbonate, which is gradually
formed by exposure to the air.

10 grm. or conveniently 12 grm. of the sample is dissolved in
water and made up to I liter. Sodium is determined by titrating
with N/10 HCI or H,SO, in presence of methyl-orange, which is
not sensitive to Sti,. Each c.c. of N/10 acid is equal to 2*3
mgr. of Na or 3°9 mgr. of Na,S, or 12 mgr. of the crystal-
lised salt, so that if 12 grm. are weighed out, the solution of the
pure salt would be decinormal.

Determination of Sulplur as Sulphide—14- 35 grm. of pure
crystallised zinc sulphate (ZnSO,. 7Aq)is dissolved in water, and
ammonia is added till the precipitate which is at first formed is
dissolved, and the whole is made up to a liter. An alternative
method is to dissolve 3°25 grm. of pure zinc in dilute sulphuric
or hydrochloric acid with the aid of a piece of platinum foil, add
excess of ammonia and make up to 1 liter. The solution is
decinormal, and each c.c. equals 1°6 mgr. sulphur, or 12 mgr. of
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the crystallised sulphide of sodium. If 12 grm. of the sample is
made up to 1 liter, and 100 c.c. titrated, each c.c. of either N/10
solution will correspond to 1 per cent. of pure crystallised salt.
The standard solution is added with constant stirring to, say
25 c.c. of the sodium sulphide solution in a beaker, and after
each addition a drop is taken from the beaker and placed on a
piece of filter paper on a white plate, side by side with one of a
solution of lead acetate, but not actually touching it, so that the
two run together by capillarity. (A somewhat more delicate lead
indicator may be made by dissolving lead acetate in solution of
sodium tartrate, or tartaric acid made strongly alkaline with
sodium hydrate and filtering.) So long as any unprecipitated
sulphide is present, a black or brown ring is formed where the
two liquids come in contact. Care must be taken that the lead
solution does not reach the precipitated zinc sulphide, which
is always blackened by it. It is best first to make a rough
determination, adding, say, 2 c.c. of standard solution at a time ;
and having in this way determined the approximate quantity
required, nearly the full amount may be added at once. A solu-
tion of sodium. sulphide may similarly be employed for the
determination of zinc.

Instead of using a lead salt as indicator, a solution of sodium
nitro-prusside may be employed, drops of which are simply
spotted on a white tile and give a strong purple reaction with
the least trace of alkaline sulphide.

The zinc process may be employed for the determination of
sulphur in other alkaline sulphides, but where polysulphides are
present a yellow zinc sulphide is formed, probably a polysulphide,
and the lead indicator gives an orange instead of a black ring. As
a consequence the whole of the sulphur is not determined, but
only that corresponding to the normal sulphide, and which would
be liberated as SH, on treatment with an acid. Since it is pro-
bable that only this portion of the sulphur is effective in un-
hairing, this may probably be reckoned as an advantage rather
than the reverse. -

Sulphides may also be determined by titration with N/10 .
iodine,* but as many other sulphur compounds also reduce
iodine, the method becomes complicated and is not to be recom-

* Jean, Ann. de Chim. Anal.,ii. (18), p. 341 ; Analyst, 18.97, p. 306 ; Journ.
Soc. Ch. Ind., 1897, p. 104I.
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mended for the analysis of depilitants, though quite suitable for
the determination of small quantities of hydrogen sulphide.

Realgar, Rusma, Red Arsenic, an impure form of As,S, made
by fusing suitable proportions of arsenious acid and sulphur, and
much used in combination with line as a depilatory, especially
in the manufacture of glove-kid and other light leathers. The
realgar is usually mixed with excess of hot slaking lime for this
purpose, and the decompositions which occur are not well under-
stood and probably vary with the temperature. It is said thata
mixture made with hot lime has a more powerful effect than a
mixture made in the cold, or even with boiling water. Probably
in all cases calcium sulphydrate is the active depilitant.*

Orpiment or Yellow Arsenic Sulphide, As,S;, is generally said
to be unsuitable for depilation, but in the author’s experiments
it proved more efficient, weight for weight, than realgar, and no
difference could be detected in the character of the result. The
yellow arsenic is now much cheaper than the red, as it is a by~
product in the purification of arsenical sulphuricacid. Both are,
of course, very poisonous, and must be handled with great
caution, and lime liquors containing them must not be run into
rivers ; and they do not appear to have any real advantage
over calcium sulphydrate, or the mixture of equivalent quantities
of sodium sulphide and calcium chloride, suggested by the author
for use where the powerful alkaline swelling action of sodium
sulphide used alone as an addition to limes is objectionable.

Analysis of Arsenic Sulphides—The sample must be very
finely pulverised in an agate mortar. Non-volatile impurities
arc determined by igniting a small quantity, not exceeding
I grm,, in a porcelain crucible over a good Bunsen burner and
weighing the residue. As the fumes are very poisonous, the
operation must be performed in a good draught-chamber.

Both sulphides of arsenic arc soluble in the cold in caustic
soda or potash solutions. 1 grm. of the finely powdered sample
is digested for some hours with 50 c.c. of 10 per cent. caustic soda
solution with frequent shaking, and made up to 100 c.c. with

* Stiasny (Gerber, 1906, pp. 272, 288), shows that only a small quantity of the
arsenic goes into solution, and that the soluble arsenic compounds have no depilatory
effect. -Eitner (Gerber, 1907, p. 48), found that they also had no effect as antiseptics,
and that it was impossible to distinguish skins treated with calcium sulphydrate only

rom those on which arsenic was used. Stiasny (loc. cit.) shows that the presence of
OH as well as SH ions in solution is essential to satisfactory depilation.



58 LEATHER INDUSTRIES LABORATORY BOOK.

water, and filtered. The filter is well washed, the wash waters
being rejected and not allowed to mix with the filtrate ; the filter
is ignited, and the impurities are weighed. The sulphide-sulphur
may be determined in the filtrate by the zinc method (p. 55),
but in a commercial realgar only amounted to about 12 per
cent., while the total sulphur theoretically present in pure As,S,
is 299 per cent. It is probable, however, that the sulphur
determined with zinc is proportional to the depilatory power of
the sample, and may be safely used for comparison of relative
value and for determining residual sulphide in lime liquors.

Both sulphides are liable to contain excess of either As,O; or
of sulphur, according to their mode of manufacture, and for the
purposes of the tanner As,O; is of no value and free S of very
little. Hence the determination of total sulphur or total arsenic
is not of much practical importance, except as showing that they
are present in the proper proportions, The estimation is best
made by oxidising sulphur to sulphuric acid and arsenic to
arsenic acid by digestion with nitric acid.

Estimation of Sulphur—o-10-+2 grm. of the sample is di-
gested with a mixture of 3 volumes of concentrated nitric acid
and 1 volume concentrated hydrochloric acid, and the solution
cvaporated repeatedly nearly to dryness with addition of con-
centrated HCl. The solution is diluted and filtered if necessary,
and precipitated with excess of BaCl, solution and the precipi-
tate washed, dried, ignited and weighed with the usual pre-
cautions (p. 12). The weight of the precipitate multiplied by
A2W333%'A§ or 01371 gives that of sulphur present in the quantity
taken.

Estimation of Arsenic—o0*1-0*2 grm. of the sample is boiled
with concentrated nitric acid till dissolved, diluted with water,
rendered strongly alkaline with ammonia, filtered if necessary,
and precipitated with magnesia solution (11 grm. cryst. magne-
sium chloride, 14 grm. ammonium chloride, 70 c.c. strong
ammonia and 130 cc. water) and } its volume of strong alcohol.
The solution is allowed to stand at least 12 (and preferably 48)
hours ; the precipitate is filtered off and washed with a mixture
of 2 parts strong ammonia, 2 parts water and 1 part alcohol.
After drying the filter in an air or water-oven, the precipitate is
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transferred as completely as possible from the filter on to glazed
paper ; the filter is replaced in the funnel and washed with a
little hot dilute nitric acid, which is evaporated to dryness in a
weighed porcelain crucible ; the remainder of the precipitate is
added, and the covered crucible is slowly heated, finally to a dull
red. The cover is now removed and the open crucible strongly
ignited over a powerful flame, placed while still hot in an
exsiccator over sulphuric acid, and weighed when cool. The

weight of Mg,As,Oy X ;-fcl), or 0'483 = As.

A shorter but less exact method is, after oxidation with
fuming nitric acid, simply to evaporate the solution to dryness in
a weighed porcelain crucible, drive off the sulphuric acid by
cautious heating, and finally raise the crucible to dull redness,
cool in an exsiccator over P,0; and weigh as As,O; Any non-
volatile impurities will be included in the result. After weighing,
the residue should be re-dissolved and tested with BaCl, for
sulphuric acid—too high a temperature of ignition will cause loss
of arsenic.

SECTION V.

THE ESTIMATION OF AMMONIA AND THE
DETERMINATION OF NITROGEWN.

THE estimation of ammonia is one of the most important of
those required by the leather trades chemist, not only because
its presence in lime liquors has a very considerable effect on the
unhairing process, and indicates to some extent the destruction
of hide-substance, but because in the Kjeldahl process all the
nitrogen present in organic matters is converted into sulphate
of ammonia by digestion with concentrated sulphuric acid, and
consequently the estimation of the ammonia so formed is a
measure of the quantity of hide-substance which has been treated,
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and thus forms a means for its estimation both in solution and
in the form of leather.

Some information is given on pp. 26 and 71 with regard to
the ordinary testing of ammonia solutions and ammonium salts,
but where these occur together with organic matter further pre-
cautions are required.

In the case of lime liquors, all the ammonia is free, together
with an excess of caustic lime, which, if the solution is heated
for any length of time, acts upon the nitrogenous matter present,
decomposing it and producing further quantities of ammonia.
It is therefore desirable to avoid heating as much as possible,
and Schloessing’s method has been commonly used. It has, how-
ever, the disadvantage of being very slow, and in very weak
ammonia solutions it is certain that the whole of the ammonia
is not really estimated.

Experiments have been made in the Author’s laboratory * to
devise a more rapid method of ammonia estimation in the cold
by placing the lime liquor in an absorption apparatus connected
with a second containing standard acid, and gently sucking a
current of (ammonia-free) air through the apparatus so as to
carry the ammonia into the acid. Good comparative results
were obtained, but it is difficult without the use of heat,
absolutely to carry over the whole of the ammonia. With a
suitable apparatus and a temperature of about 65° C., however,
the estimation is very rapid and exact, and no appreciable
evolution of ammonia from the nitrogenous compounds present
in a lime liquor occurs, so that where many estimations are
required the process is much to be recommended, as once the
apparatus is arranged, very little attention is required. The
arrangement employed is shown in Fig. 6, the air, previously
freed from carbonic acid and ammonia, is passed into a wide test-
tube partially filled with broken glass and containing 50 c.c. of
the lime liquor, through a tube so arranged as continuously to
raise the liquor along with the air and allow it to trickle down over
the broken glass, while the air is drawn through an absorption
tube containing 30-50 c.c. of N /50 sulphuric acid, or of a stronger
standard acid if the quantity of ammonia is excessive. The

* Procter and McCandlish, “ The Estimation of Ammonia in used Lime
Liquors,” Journ. Soc. Ch. Ind., 1906, p. 254 ; Colleg., 1906, P 270,
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test tube is surrounded with water at about go° C,, sufficient to
raise the interior of the tube to about 65° C. The detail of the
bubbling tube is shown on a larger scale on the left of the figure.
A few drops of turpentine may be added to the lime liquor to
prevent frothing. With a steady current of air, the operation is
complete in thirty minutes. Dr. Nihoul has devised a somewhat
similar but continuous apparatus, in which the lime liquor is
allowed to trickle in a slow continuous stream over the broken
glass, through which the air is aspirated. In this way it is
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possible to work with much larger quantities of lime liquor,
and hence to titrate larger quantities of ammonia. If suitable
indicators could be found, a rapid titration of ammonia in lime
liquors might be made by testing their total alkalinity, then
boiling the solution for a short time to drive off the free
ammonia, and titrating again. Unfortunately the presence of
amido-acids and other weakly acid bodies renders the end .
reaction for the total alkalinity an uncertain one with methyl
orange, and phenolphthalein is not sufficiently sensitive to the
action of ammonia to be employed.
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for the ammoniacal vapour to diffuse into the acid, the capacity
of the containing vessel should not be uselessly great. The
closure must be accurately airtight to prevent escape of am-
monia, and if ground joints are used, they must be accurate,
and lubricated with vaseline. Corks, or rubber stoppers, often
give off traces of ammonia, and are therefore inadmissible. A
good form for the outer vessel is that of a shallow exsiccator or
glass jar, with a cover ground to fit. The ammoniacal liquid is
placed in the bottom of the jar, and th__e acid in a shallow basin,
raised just above the surface of the liquid by a glass tripod.

By Distillation.—Much more rapid determinations may be
made by using a conical flask or a retort of at least 500 c.c.
capacity, connected with an absorption flask or U tube contain-
ing standard acid. The apparatus used in the determination of
ammonia in Kjeldahl’s process (p. 67) is very suitable, but it is
well to introduce a wide tube filled with beads or broken glass
in the limb above the boiling flask, as liquids containing organic
matter are apt to froth excessively. Theliquid condensing in and
above this constantly washes the frothing substance back into
the boiling flask. The frothing may be greatly diminished by
the addition of a few drops of oil of turpentine. A suitable quantity
of standard acid is placed in the absorpticn apparatus, and 100 c.c.
of the liquor in the retort, which is briskly boiled for 15 minutes
and the absorption apparatus rinsed out, and the liquid titrated
back, usually with caustic alkali in presence of methyl orange.
If the boiling of alkaline liquors containing nitrogenous organic
matter is long continued, traces of ammonia are evolved by the
action of the alkali on the organic matter present. This may be
prevented or at least much lessened, if the residue is not required
for the determination of caustic lime, by adding two or three c.c.
of a 10 per cent. solution of MgSO,.7OH,, which converts the
alkali or alkaline earth into sulphate, setting free the MgO ; but is
rarely of importance for technical purposes, if the boiling is not
long continued. In liquids containing ammoniacal salts, the am- .
monia is best liberated by the addition of calcined magnesia, which
has little or no action on organic matter, and does not affect
methyl orange if carried over as spray. In comparing cold
methods with distillation methods of estimating ammonia, it
must be remembered that amines, if present, will be more com-
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pletely estimated in the latter case on account of their lesser
volatility.

In estimating ammonia by titration, indicators more sensitive
to weak acids than weak alkalies, such as phenolphthalein, are
unsuitable. Congo red has been a good deal used by continental
chemists, but its end-reaction is not sharp. Methyl orange is
better by daylight and for the trained eye, but probably carminic
acid (1 per cent. aqueous solution) is to be preferred, not only
on account of the sharpness of the colour-change, but because it
is easily seen by artificial light.

The Kjeldahl Method of Nitrogen Determination.—The
principles of this method have already been briefly alluded to.
Few processes have been subject to more varied suggestion and
real or supposed improvement, but, except as regards estimation
of nitrogen in the form of nitric acid and nitro-compounds, which
can scarcely concern the leather chemist, it is doubtful if any
real advance has been made on the process as first proposed by
the inventor. The essential idea of the method is the digestion
of the nitrogenous organic matter with an excess of concentrated
sulphuric acid, which acts not only as a dehydrating but an oxi-
dising agent, destroying all carbonaceous matter, and transform-
ing all organic nitrogen into ammonium sulphate. With many
proteids indeed, and with hide itself, accurate results may be
obtained by this simple method if the digestion is carried on
sufficiently long to destroy all organic matter, and produce a
perfectly colourless solution. Where, however, matters contain
much carbon in proportion to nitrogen, as is the case with leather,
this digestion becomes very tedious, two or three hours being
often required to complete the reaction, and many suggestions
have been made to shorten the time required, and render com-
plete oxidation more certain. This may be accomplished either
by the addition of more powerful oxidisers, such as the potassium
permanganate employed by Kjeldahl, of oxygen carriers, such as
" mercury and copper, or of salts, such as potassium sulphate, cal-
culated to raise the temperature of the boiling sulphuric acid.
It must be particularly emphasised that by all these methods,
carefully carried to complete oxidation and decolorisation of the
solution, accurate and concordant results are obtained, and that
the question to be decided is rather one of rapidity and conveni-
ence of manipulation than of exactness. There is at least a
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theoretical possibility that very strong oxidising agents may
cause loss by liberation of free nitrogen, and this danger becomes
probably a real one where chlorides are present from which free
chlorine may be evolved. The use of metallic salts, such as the
sulphates of mercury or copper, besides somewhat complicating
the process, causes precipitates in the solution when rendered
alkaline with soda, and increases the very annoying tendency to
“bumping,” always present during the distillation of the am-
monia ; and even the addition of a soluble salt like potassium
sulphate is somewhat troublesome in the latter respect.

For the analysis of leather, Dr. Nihoul* recommends the
following method as rapid and accurate: 0°6-0-7 of grm. the
leather, freed from fats and water-soluble matter, is boiled for
half an hour with 10 c.c. of pure concentrated sulphuric acid.
The flask is allowed to cool to a moderate temperature, and a
dozen large crystals of potassium permanganate are added and
shaken till dissolved. The flask is then again heated till the
liquid is completely decolorised, and allowed to cool. The solu-
tion is made up to 250 c.c. (including washings if it is transferred
to a separate distilling flask), 150 c.c. of 30 per cent. soda solu-
tion is added, and a known quantity of zinc dust, and the dis-
tillation is continued slowly so that in § hour about 200 c.c. have
passed over into the receiver, which contains 25 c.c. of N/5 sul-
phuric acid, and the solution is titrated back in presence of
carminic acid or methyl orange.

If this method is applied to actual hide-substance, the quan-
tity of dry matter used must not exceed 0°4 grm. In place of
the permanganate recommended by Nihoul, 1 grm. of potassium
persulphate, or more if required for decolorisation, may be used,
and has the advantage of causing no change in the colour of the
solution, and no precipitate on the addition of caustic soda.}

If the use of oxidising agents is considered objectionable,
good results are obtained by the use of 15 c.c. of concentrated
sulphuric acid to which, when the substance is dissolved, 10 grm.
of dried and powdered potassium sulphate is added ; but con-

* Bourse aux Cuirs de Liége, Sept. 1901, p. 14 ; Abst. Journ. Soc. Chem., 1901,
P- 1249. ~

+ Compare Law, Journ. Soc. Ch. Ind., 1902, p. 847, and Dakin, #id. p. 848.
Potassium persulphate, however, usually contains traces of ammonia, which must be
determined and allowed for.

F
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siderably longer boiling is required before the liquid becomes
colourless, The time is somewhat reduced by the addition of
2 grm. of dry copper sulphate * or of about 1 grm. of mercury ;
but in the last case, sodium sulphide must be added with the
caustic soda on distillation to decompose the ammonia-mercury
compound formed.

Dr. O. Béttchert recommends in the analysis of artificial
manures, the use of a mixture of 200 grm. of phosphoric anhy-
dride with 1 liter of concentrated sulphuric acid to which, for
20 c.c. of acid, 1 grm. of mercury and 10 to 15 grm. of potassium
sulphate may be added. This quantity of mercury will require
about 25 c.c. of a 4 per cent. solution of potassium polysulphide
(liver of sulphur) for precipitation ; but Dr. Béttcher states that
if 13 grm. of granulated zinc (free from arsenic) is added to the
distilling flask, no sulphide is needed, and the boiling proceeds
without bumping. If zinc is used for this purpose, the acid,
after dilution with water, should be nearly neutralised with the
soda before adding the zinc. For this purpose, it is convenient
to ascertain by a rough titration what quantity of the soda
solution is needed to neutralise the volume of acid employed.

As regards the apparatus employed, long-necked spherical
Jena glass flasks of 100-200 c.c. capacity are most suitable for
the digestion with sulphuric acid, which is done over a small
flame, under a good draught, the flask being held in a clamp or
on a suitable support, with its neck inclined, and closed with a
glass bulb with a short sealed stem, or with a small funnel, to
avoid the possibility of loss by spirting. Jena glass flasks of
about 400 c.c. capacity should be used for the distillation, and
hard glass, which does not yield any alkali to ammoniacal
vapours, must also be selected for tubes and receivers. Care
should be taken that wherever rubber tube is used for jointing,
the ends of the glass tubes butt closely together so as to expose
the rubber as little as possible. In place of glass flasks, copper
flasks are advantageously used for distillation, and entirely avoid
trouble from bumping, but are difficult to obtain without a
soldered seam, which is liable to attack by the caustic alkali.
If glass flasks are used, it is advisable to carry a tube drawn to
a narrow point through the cork down to the bottom of the flask,

* Cp. Procter and Turnbull, Journ. Soc. Ch. Ind,, 1goo, p. 130.
+ Lunge’s Chemisch-Technische Untersuchung-Methode, ii. 379.
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and carry in a current of steam from ammonia-free water from a
boiling flask to prevent bumping. In this case a condenser
should also be employed. In place of steam, a current of
ammonia-free air may be sucked through the apparatus. 15 to
20 minutes boiling is sufficient.

Almost every chemist has his favourite form of distilling
apparatus ; but the really important point, on which the accuracy
of the analysis depends, is the complete separation of the spray

e \

FiG. 8.

of the strongly alkaline soda-solution from the ammoniacal steam
which passes into the receiver. The condensation of the steam
after it has carried the ammonia into the absorbing standard acid
seems unimportant, and the writer has always obtained good
results with the simple apparatus shown in Fig. §, in which
the long rising tube of not less than 5§ mm. bore serves at once
to condense part of the water which runs back into the boiling
flask, and to act as a spray-trap in which particles of spray
striking the wet sides of the tube are caught by the condensed
T2
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water and washed back into the boiling flask. The bottom of
this tube may be simply cut off obliquely as shown, but a better
form very easy to make has a side-hole blown near the end of the
tube, through which the steam and spray enter, while the end is
drawn out to a small opening, through which the condensed water
drips back into the flask. The stoppage of spray would be
rendered still more perfect by widening the lower part of the
tube and filling. it with beads or broken glass, but the apparatus
as figured answers every practical purpose so long as'steam only
has to be dealt with. If, however, hydrogen is evolved from
granulated zinc, the spray is of a much more finely divided type,
and many traps have been devised to remove it; but most of
these are beyond the scope of the amateur glass-blower, and
must be obtained of the chemical instrument maker. It is not
necessary to cool the absorption-flask, if standard sulphuric acid
is used to absorb the ammonia, as the latter is quite efficiently
retained even by hot acid, if the point of the pipette dips very
slightly below its surface. The object of the pipette, or bulbed
tube, is to prevent the standard acid being drawn back into the
boiling flask by any slight condensation of steam. Many chemists,
however, prefer to use a condenser, the inner tube of which
may be either of glass or of pure tin, which is a better conductor
of heat and is unaffected by ammonia. A small guard-tube in
the cork of the absorption-flask, as shown in the figure, filled with
broken glass and wet with a portion of the standard acid coloured
with methyl orange, prevents danger of escape of ammonia un-
absorbed. It is, of course, rinsed into the flask before titration.
To sum up, the simplest form of process, that of digestion
with sulphuric acid alone, is to be preferred for substances which
it will oxidise within a reasonable time. It is sometimes neces-
sary if the digestion is long continued, to make up for loss of
sulphuric acid by a further addition. The use of potassium
sulphate to raise the temperature is quite unobjectionable if the
solution be freely diluted before distillation, and if it be necessary
to further shorten the time by the use of an oxidising agent,
potassium persulphate is ideal if it can be obtained free from
ammonia ; and potassium permanganate, though less convenient,
is also satisfactory, but in no case should an oxidising agent be
added till solution is complete, and the digestion avell advanced.
Where many analyses are made, copper flasks are strongly to be
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advised for distillation, in which case a condenser is unnecessary,
but if glass flasks are employed .the use of a current of steam
and a condenser is advisable.

As the calculation of Kjeldahl estimations is slightly com-
plicated, it may be well to give an example. 0°7 grm. of leather
has been taken, and 5 c.c. of N /5 caustic soda has been required
to titrate back the 235 c.c. of N/5 acid placed in the absorption-
flask. Each c.c. of N/5 acid: corresponds to 0°0034 grm. NH;;
to 0°0028 grm. N; or to 0°01573 grm. of hide-substance
reckoned to contain 17°8 per cent. of nitrogen.* Taking the
latter figure, we have—

20 X 0701573 X 100

ks o
and, of course, the nitrogen or the ammonia can be obtained in
a similar way by using the corresponding factors.

= 4495 per cent. of hide-substance;

SECTION VI.
THE MATERIALS USED IN CURING, BATING, ETC.

Common Salt (NaCl = 58-5).—This material' is so cheap
that it is not likely that it will be purposely adulterated, but may
contain accidental impurities. Moisture may be determined by
heating a few grams to 110° C. or over, in a crucible or basin
which should be at first covered to avoid loss by decrepitation.
Insoluble impurities are detected by dissolving say 10 grm. in
water ; and may be coliected on a tared filter, washed, dried at
110°, and weighed, and afterwards ignited to determine organic
matter by loss. The residue, if brown or yellow, probably con-
tains iron, which may cause stains on leather, and both residue and
solution should be tested for ferric salts with thiocyanate, if neces-
sary after solution in HCl and oxidation with a little nitric acid.
The iron may be estimated colorimetrically (p. 40) as in water.

Salt not unfrequently contains magnésic and sometimes calcic

* Von Schroeder for hide-substance, the following percentages of N. Ox, calf,

horse, camel, pig, rhinoceros, 178 ; ‘goat ‘and deer, 17-4;, sheep and dog, 17°0 ;
cat, 17°1.
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chlorides as impurities, which tend-to make it absorb moisture
which for some purposes is objectionable. These salts also lose
hydrochloric acid on ignition. To determine these impurities, a
known quantity, say 10 grm., is dissolved in 100 c.c. of water;
insoluble impurities if present are filtered off as above described,
and the filter is washed, the solution boiled with a few drops of
nitric acid, ammonium chloride and ammonia are added, and ferric
oxide and alumina filtered off, and estimated if present (p. 44).
Ammonium carbonate and a little ammonium oxalate are now
added, and the mixture boiled, and, if any precipitate forms,
allowed to stand 24 hours, the lime estimated as on p. 45; and
the magnesia is then precipitated from the filtrate with sodium
phosphate, and estimated as pyrophosphate (p. 45).

A simpler method where magnesia only is to be estimated, is
to precipitate the MgO with excess of lime-water as in the case
of water analysis (p. 36). To 100 c.c. of solution containing
10 grm. of salt, made with water well boiled to expel CO,, and
quite neutral to phenolphthalein, 100 c.c. of lime-water are added,
the strength of which has been accurately determined with N/10
HCl and phenolphthalein. The mixture is allowed to stand
overnight or heated in the water-bath for half an hour and
allowed to cool and settle quite clear, when 50 c.c. are drawn off
repeatedly and titrated. If 100 c.c. of the lime-water require
48 c.c. of N/10 acid, and the 200 c.c. of mixture, as calculated by
multiplying the average result of 50 c.c. by 4, require 18 c.c., the
result is (48 — 18) X 10 X 0 * 002 = 0°6 per cent., the N/10acid
corresponding to 0°002 grm. of MgO or 0°00475 of MgCl,
per cc. The quantity of lime-water used must be such that the
solution remains deeply coloured with the phenolphthalein after
standing.

The chlorine may of course be determined with argentic
nitrate as on p. 39, but this is rarely necessary except for the
estimation of small quantities of salt in wash-waters and the
like.

The specific gravity of salt solutions of different strength is
given in the following Table. Salt is only soluble in water at
15° to the extent of 26°4 per cent. by weight, or 318 grm. per
liter, and the solubility only increases slowly with temperature,
rising to 28-9 per cent. at 109°7°, the temperature of boiling salt
solution, and falling to 24°5 per cent. at 14° its freezing point.
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Between 0° and 25° it remains almost constant at about 26- 4 per -
cent., and 1000 parts of water dissolve 369 parts of salt. Baumé
degrees correspond very approximately to the percentage of salt.

* SPECIFIC GRAVITY OF SODIUM CHLORIDE SOLUTIONS
AT 15°C. (59° FAH.). (Gerlack.)

|
Sp. Gr. i Perg:ﬁtage ] Sp. Gr. Perngtt.age Sp. Gr. Percsea\}:z.xge
_ . S| P S |l—— |-
1'00725 ! I 107335 10 ] 1°14315 19
1°01450 } 2 1°08097 i1 ! 1°15107 20
1°02174 ! 3 1°08859 12 1°15931 21
1°02899 [ 4 1°09622 13 1°16755 22
103624 5 110384 14 | 117580 23
1°04366 ’ 6 1°11146 15 ] 118404 24
1°05108 7 1°11938 16 | 1°19228 25
105851 8 1°12730 17 | 1°20098 26
1°06593 9 113523 | 18 : 1°20433 26395
I

Ammonium Salts and Awmmonia—So-called “ammonia”

r “liquid ammonia ” is a solution of NH; (or NH,OH)in water.
Real liquid ammonia is NH; gas liquefied by pressure, and is now
largely used in ice machines, and for other purposes. Beside am-
monia, the most important compounds are sulphate and chloride.
The strength of ammonia solution is usually calculated from its
specific gravity, which may be taken with the pycnometer or by
means of a suitable hydrometer. A sealed glass bulb, loaded
with mercury so as just to float in a solution of the required
density, is a convenient and delicate means of making a solution
of constant strength. Strong solutions lose strength rapidly
and serious damage has been done to leather by not allowing for
the greater strength of a fresh solution. The strongest com-
mercial ammonia contains about 33 per cent. of NH;, corre-
sponding to a density of 0-886, and may be conveniently
diluted with twice its bulk of water, which will give a gravity of
about 0°956. It should be kept in carboys as closely stoppered
as possible. The following table, abridged from Lunge and
Wiernik, gives the weight of NH; contained in 100 grm. and
100 c.c. of liquid ammonia at different specific gravities taken at

15° C.
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| Specific Gravity o Grms. I
at 15° C, per 100 grms. per 100 c.c. 1
iz 80/ a8 S S =
1°000 0°00 000
0°990 2°31 2'29
0-980 480 4°70 |
0°970 7°31 7°09 i
0°960 9°91 9°51 !
0°950 12°74 12° 10 ]
0°940 15°63 l 1469
0°'930 % 18°64 17°34 ‘
0°920 2175 * 20°01 |
0'910 24°99 2274 {
0°9o0 28°33 2550 l
0°890 31°75 28°26
0-882 34°95 o83 |
|

The strength of ammonia (previously diluted with water if
strong) is also determined easily and exactly by titration with
standard hydrochloric or sulphuric acid, with carminic acid,
methyl orange or litmus (not phenolphthalein) as indicator.
Each c.c. of N/1 acid corresponds to 0:017 grm. of NH;. The
ammonia of ammonium salts is similarly determined by liberating
with caustic alkali or lime, and distilling into a known volume of
standard acid, which is afterwards titrated back with standard
sodium carbonate. Each c.c. of N/1 acid corresponds to 0°0535
grm. of NH,C], oro°066 of (NH,),SO,. Theapparatus described
for ammonia determination by distillation in Kjeldahl’s method
(p. 67), or a simple flask connected with a capacious U tube may be
employed. Excess of soda solution may be run in from a tapped
separating funnel, as shown in Fig. 8, or stick soda or potash suffi-
cient to render the solution strongly alkaline may be dropped in
wrapped in filter paper, and the apparatus rapidly closed to pre-
vent loss. Liquids containing ammonia with organic matters
should be treated like lime liquors, and if necessary free ammonia
may be determined by simple distillation, and alkali then added to
decompose the salts, and the distillation continued. Where lime
or caustic alkalies are objectionable, magnesia may be used
to liberate ammonia. Ammonia in waters and extremely
dilute solutions may be estimated by Nesslerising instead of
titration. *
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Sulphurous Acid and Sulphites—For ordinary alkalimetrical
estimation, see p.27. They may also be estimated by oxidation
with jodine as follows :—*

About 05 grm. of powdered sodium sulphite, or an equiva-
lent portion of other salts or liquids, is introduced at once into a
beaker containing excess (40 c.c.) of N/10 iodine solution, stirred
till dissolved, and the solution is at once diluted with water and
titrated back with N/10 sodium thiosulphate, as described on
pp- 258 and 306. Under these circumstances the SO, is oxidised
completely to sulphuric acid, while if the iodine solution is added
gradually to the sulphurous acid or sulphite, the reaction is
irregular and incomplete. If it is found that considerable excess
of iodine solution has been used, it is desirable to repeat the
experiment with such proportions of the sulphite and iodine
solution as will leave but slight excess of the latter. One c.c. of
N/10 iodine solution is equivalent to 00032 grm. of SO, ; 0:0126
grm. of cryst. sodium sulphite, Na,SO; + 7 Aq ; and 0°00475 grm.
of sodium anhydrosulphite (Boake’s * metabisulphite ”), Na,S,;05.

Giles and Shearer t have also investigated the specific gravity
of sulphurous acid solutions, with the result that it is practically
directly proportional to the strength, each per cent. of SO,
corresponding to an addition of 0:005 to the gravity ; or in other
words, that each degree Tw. corresponds to 1 per cent. of SO,
with very considerable exactness. In the original article a
table is given. The similarity of sulphurous to hydrochloric acid
(p- 24) in this respect is worth noting. A saturated solution at
ordinary temperatures contains about 10 per cent. of SO,

Sulphurous acid, while somewhat costly to buy, from the
dilute character of its aqueous solution and consequent cost of
transport, is one of the cheapest of acids to make by combustion
of sulphur.} For use in small quantities, the compressed liquid
acid in siphons is very convenient, and on a larger scale Boake’s
“ metabisulphite ” (see above) may often be advantageously em-
ployed, as it contains 67 *3 per cent. of its weight of SO, which
can be liberated by the addition of 1 mol. of sulphuric acid (98),
or 2 of hydrochloric (73), to 1 mol. of the salt (190), practically 1
patt of sulphuric acid sp. gr. 1-84 (164° Tw.) or 2 parts of hydro-

* Cp. Giles and Shearer, J. S. C. 1., 1884, p. 197 ; 1885, p. 303.
t Loc. cit.
1 Principles of Leather Manufacture, p. 24.

'
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chloric acid sp.gr. 117 (34° Tw.) will decompose 2 parts of
metabisulphite, leaving only sodium sulphate or chloride. A
solution of 1 per cent. of sodium metabisulphite and o5 per cent.
of sulphuric or 1 per cent. of hydrochloric acid answers well for
bleaching and removing iron stains from leather, though its action
is rather slow, about 12 hours’ soaking being necessary. With
the addition of 10 per cent. of salt, the same solution may be
used for removing iron-stains (so-called “salt-stains ”) from un-
tanned pelt, but some salt must be added to the early liquors.
The operation is best carried out in a closed drum.

Boric (Boracicy Acid and Borates—These substances are
coming into extended use in leather manufacture, not only as
antiseptics but as deliming agents. Boric acid forms compounds
with lime, soluble in dilute solutions, and is one of the safest
chemical “bates.” * It also exercises a peculiar and little under-
stood effect on skins in tanning liquors, giving good colour and
preventing “drawn grain” in the early stages of tanning, even
when green goods are introduced into comparatively strong
liquors ; but if continued throughout the process producing soft
and light-weighing leather. This property is probably con-
nected with the power of boric acid to form conjugated acids
with tannins and their derivatives, as well as with other phenolic
compounds.

Boron, B = 11, is tribasic, forming the oxide B,O; and the
very weak acid B(OH); = 62, known as boric or boracic acid.
This acid, which appears to be dibasic, but forms no stable salts,
is converted into metaboric acid HBO; by heating to 100° C,, at
which temperature it is slowly volatile. On heating to 140° C,, it
very slowly parts with more water and becomes pyroboric acid,
H,B,0, a glassy mass which on ignition to redness is converted
into B,O;. Both metaboric and pyroboric acid form salts, the
former being monobasic and the latter dibasic, but both acids
are weaker than carbonic. Borax is a pyroborate, and a calcium
metaborate is known, Ca(BO,),, which is somewhat soluble in
water, like all other known metallic borates.

Detection—Free boric acid in either aqueous or alcoholic
solution turns turmeric paper a reddish brown somewhat different

* In the use of boric acid as a deliming agent, it is necessary to avoid th
accumulation of lime borates, with which the solution soon becomes saturated,

and is then, in spite of excess of boric acid, unable to remdve lime, but fixes it in
the pelt.
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to that produced by alkalies, and unlike the latter, blackened by
acids instead of being discharged. Free boric acid is soluble in
alcohol, and can consequently be separated from sulphates and
many other matters by digestion with alcohol, to which the
turmeric test is applied. Boric acid, though capable of with-
standing the heat of the blowpipe in the dry state, is decidedly
volatile when solutions in water are evaporated, and still more so
with methyl and ethyl alcohols, with which it forms volatile
methyl and ethyl borates or esters. Solutions containing it
must therefore be neutralised or rendered slightly alkaline before
evaporation to avoid loss. In presence of soda or sodium car-
bonate it may be safely evaporated and even ignited. Small
traces of the acid can be detected by taking the ignited residue
and slightly acidifying with sulphuric acid in a test-tube. A little
alcohol is now added, and the mixture is boiled and the escaping
vapours are ignited. In presence of boric acid the edges of the
flame are coloured green. Somewhat similar coloration may be
produced by the presence of copper salts, or by ethylic or
methylic chlorides produced by the action of concentrated
hydrochloric acid on alcohols ; but in the latter case the flame is
a bluer green than that of boric ester. If the traces of boric acid
are too minute to be detected even in this way, théy may still be
separated by distillation as described below, and then tested for
with turmeric or the alcohol flame.

Quantitative Determination.—It has been noted that boric
acid, like carbonic acid, does not redden methyl orange, and the
whole of the base in alkaline borates, such as borax, may be
estimated with standard sulphuric or hydrochloric acid by the
aid of this indicator, or of lacmoid paper, precicely as in the
case of carbonates (p.28). Borax (crystallised sodium pyro-
borate Na,B,O; + 10Aq = 382) often called “ biborate,” has been
proposed as a basis for alkalimetrical solutions in place of sodium
carbonate, but is only soluble in cold water to the extent of
about 60 grm. per liter. 19°1 grm. per liter forms a solution
N/10 to acids with methyl orange as indicator. It has been
stated by Dr. L. Spiegel* that it is occasionally, though rarely,
contaminated with triborate, but this is somewhat doubtful.

Boric acid gives no defined end-reaction with phenolphthalein,
but on adding neutral glycerin, a conjugated acid is formed

* Chem. Zeit., 1904, p. 750.
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to which the indicator is very sensitive, and advantage is taken
of this fact in estimation. One curious result is due to this
property. If glycerin is added to a solution of borax, which is
distinctly alkaline to litmus, the reaction becomes acid. The
formation of a similar compound with phenol is probably the
cause of the very satisfactory deliming action of a solution con-
taining 2 per cent. of boric acid and 1 per cent. of phenol, noted
by Parker and Procter.* A saturated aqueous solution of boric
acid and phenol is a useful antiseptic, which may be used for
washing hands or applied to cuts and abrasions where septic
poisoning may be feared. _

For the determination, 50 c.c. of the boric solution, which
may contain 30-40 grm. borax or 10-15 grm. boric acid per liter,
is carefully neutralised in presence of methyl orange, with sul-
phuric or hydrochloric acid if alkaline, or with caustic soda free
from CO, if acid, and is then boiled to expel carbonic acid if its
presence is suspected. 30 c.c. of glycerin (previously neutra-
lised, if necessary, with caustic soda) is now added, and the
solution is titrated in presence of phenolphthalein with N /2 or
N /10 NaOH (perfectly free from CO,), till a pink tint is pro-
duced. 10 c.c. more glycerin is now added, when in some cases
the pink colour will disappear, and more soda must be added to
bring it back, and the addition of soda and glycerin alternately
must be coutinued till the pink remains permanent. Under
these ccnditions the end-reaction is quite sharp, and the alkali
consumed corresponds to the equation B,O; = 2NaOH ; or each
cc.of N/1 alkali corresponds to 0°035 grm. B,Os, or 0°062 grm.
B(OH);, or 0°0955 grm. of borax. If borax is titrated in this
way withouc previous neutralisation to methyl orange, only half
this quantity of acid will be consumed, or 1 c.c. will correspond
to 0'191 grm., as in the case of alkalimetrical determination.t

In the titration of boric acid solutions which have been used
in deliming hides, only approximate results can be obtained
from the presence of lime-salts of weak organic acids which
render the end-point with methyl orange indistinct. These may
be destroyed by evaporation to dryness and ignition.

In many cases it is desirable to separate boric acid from other

* Journ. Soc. Chem. Ind., 1895, p. 124. This book, p. 239.
+ Cp. Honig and Spitz, Zeits. f. ang. Chem., 1896, p. 549 ; Journ. Soc. Chem,
Ind., 1896, p. 742 ; Thomson, ibid., 1895, p. 1070.
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matters before determining it by titration or otherwise, and this
is most conveniently achieved by taking advantage of its volatility
when boiled with alcohols. The substance is freed from organic
matter by rendering alkaline with sodium hydrate or carbonate,
evaporating to dryness, and igniting. It is then powdered, and
rendered slightly acid with sulphuric acid, and digested with
100 c.c. of absolute alcohol in a flask with reflux condenser.
The solution is then distilled into a flask containing 20 c.c. of
N/1 sodic hydrate free from CO, The last drops of the dis-
tillate are tested with turmeric paper for boric acid (alcohol alone
gives a darkened yellow edge to the spot, but no red coloration),
and if any trace is observed, 25 c.c. more alcohol are added to the
residue, and the distillation continued till all boric acid has
passed over. The boric acid flask should be immersed in the
water or steam bath up to its neck, so as to prevent conden-
sation before the boric acid vapour reaches the condenser. The
quantities given should suffice if the residue treated does not
contain more than 0° 5 grm. of boric acid. Where the quantity
of foreign matter is considerable, it is better to filter off and
distil the alcoholic extract only, after washing the residue with
hot alcohol. The alcohol is now distilled off the receiving flask,
leaving the boric acid in combination with the soda, which can
be estimated by titration as above described. A less quantity of
alcohol may be used, if it is distilled backwards and forwards
between the two flasks by changing their positions and heating
them alternately, but in this case it is desirable to use an equivalent
quantity of a concentrated solution of soda, instead of the normal
solution, to avoid dilution of the alcohol. By heating both the
flasks, and connecting them with two condensers sloping in
opposite directions, and somewhat contracted at their lower ends
so that a drop of condensed liquid hangs in the end of the tube
and checks entrance of the vapour in the wrong direction, both
distillations can be conducted simultaneously ; and in this case
the substitution of 25-50 c.c. of methyl-alcohol for the ethyl-
alcohol is advantageous. The connection with the return-flow
condenser should not be quite air-tight, so as to avoid risk of
explosion. One hour and a half is said to be enough for the
distillation of 0*3 grm. of boric acid.*

* Cp. Jay and Dupasquier, Comp. Rend., cxxi. p. 260; Journ. Soc. Chem. Ind.,
1895, p. 889 ; 1896, p. 136; and Drt Schneider, Ch. Zeit., 1896, p. 822.
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Carbolic Acids and Creolins—Pure phenol, “ pure crystallised
carbolic acid,” is hydroxy-benzene CyHy(OH), but the crude
forms which are generally employed contain cresols and other
higher members of the series in which one or more atoms of
hydrogen are substituted by CH; groups. These are oily bodies
sparingly soluble in water, and even pure phenol is only soluble
to the extent of about 7 per cent. Crude carbolic acid should
not be employed in the tannery, since the insoluble oily particles
stain the hide and render it insusceptible of tanning. Suitable
carbolic acid should be of a pale yellow colour when fresh (though
it will darken on exposure to air and light), and it should be
wholly soluble in a sufficient quantity of water. Its specific
gravity should be 1°050 to 1-065.

The actual analysis of crude carbolic acids is beyond the
scope of this book, but the following tests, described by Allen,*
will give an approximate idea of their value. They consist
mainly of phenol and its higher homologues, .but frequently
contain water and neutral tar-oils of little direct value as
antiseptics.

Determination of Water—20 c.c. of the carbolic acid are
agitated in a stoppered graduated cylinder or corked tap-burette
with 10 c.c. of saturated salt solution. The water will pass into’
the salt solution and the volume may be read off. The whole
of the water is not actually removed : pure anhydrous phenol
actually absorbs a small portion of the water, precipitating salt.
The volume of 10 grm. of pure crystallised phenol, after shaking
with salt solution, is about 97 c.c., from which the actual weight
of the anhydrous phenols may be inferred, though their specific
gravity will be somewhat greater than that of pure phenol.

Determination of Neutval Oils.—10 or 20 c.c. of the carbolic
acid are agitated with twice its volume of a g per cent. solution
of caustic soda free from alumina. = The phenol and cresols will
dissolve, and the neutral oils will remain floating on the aqueous
layer if “light,” and sinking below it if “heavy.” Their volume
may now be noted. The addition of 10 c.c. of petroleum spirit
facilitates their separation, and causes them to float. The
volume of spirit added must of course be deducted from the
reading.

Creolin (Jeyes' Fluid) and similar disinfectants, which are

* Com. Org. Analysis, ii., p. 545.
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emulsions of the heavier homologues of phenol with soap or an
alkali, may be similarly examined by adding sufficient normal
acid to redden methyl orange to 20 c.c. in a burette, and then
saturating with salt, when the phenols and cresols will separate
in oily drops. The acid is run off by the tap, and the cresols
washed with saturated salt-solution, which is added to the acid
and titrated back with normal soda, when the loss will correspond
to the alkali originally present. The neutral oils may be deter-
mined as in carbolic acid, but often separate with great difficulty.

Formaldehyde (H.CHO = 30).—The simplest member of the
aldehyde series, obtained commercially by the oxidation of
methyl-alcohol, CH;OH, and now used largely both as a disin-
fectant, and as a tanning and hardening agent for skin and other
gelatinous substances, which it renders insoluble even in hot
water, It is usually sold as an aqueous solution of approxi-
mately 40 per cent. strength under the names of *formaline,”
“formol,” etc., the pure substance being gaseous at ordinary
temperatures, but readily polymerising or combining with itself to
form a white crystalline body, tri-formol or paraform, C;HgOs;,
which sublimes at 100° C., and is decomposed again into formalde-
hyde at somewhat higher temperatures. This body is frequently
formed as a white sediment in formaldehyde solutions. The
specific gravity of formaline varies from 1°08 to 109, not only
from the percentage of formaldehyde, but from that of methyl-
alcohol, which is frequently present to the extent of 15-20 per
cent., either as an impurity of manufacture or to prevent pre-
cipitation of tri-formol.

Both as a bactericide, and in its hardening action on gelatine
and animal tissues, formaldehyde is extremely powerful. It is
stated that 1 part of formaldehyde or 24 parts of formaline in
12,000 parts of water is sufficient to sterilise, while in Payne and
Pullman’s tanning process* a solution of 2} parts of formaline
in 1000 of water rendered alkaline with sodium carbonate will
convert hides into leather in a few hours. In acid solution it
has the power of fixing hide in a swollen condition and allowing of
very rapid tannage with vegetable materials. This hardening
and tanning action seems to be common to all aldehydes in a
greater or less degree.

Detection—Aldehydes in general are usually easily detected

* Principles of Leather Manufacture, p. 380.
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by their power, even when present only in traces, of reddening a
solution of rosaniline previously acidified, and nearly decolorised
by addition of sodium sulphite (Schiff’s reaction). This property
is common to all aldehydes, including acetaldehyde, chloral (but
not chloral-hydrate), benzaldehyde, furfurol, acrolein, etc., and is
slightly produced by some alcohols and by acetone, but not by
most other ketones. It is, therefore, not absolute proof of the
presence of formaldehyde, and it also seems incapable of detecting
it in actual combination with gelatinous matter, though most
leathers which have been treated with formaldehyde retain enough
in a free state to give the reaction readily. It must be remem-
bered that oil- and chamoised leathers may react from the pre-
sence of acrolein (acrylic aldehyde), which is probably the active
agent in oil-dressing.

Nierenstein has also shown* that most tanning infusions give
a red coloration with it on standing, from the reduction to alde-
hydes of the tannin-acids by the sulphurous acid present. The
colour of the reagent also reappears by oxidation and loss of
SO, on exposure to the air.

The reagent is in the author’s experience most conveniently
prepared by passing SO, very slowly into a 0°025 per cent.
solution of magenta till it is just decolorised, and may be kept
for a considerable time. :

At the author’s request, Dr. Nierenstein has examined the
most important qualitative methods for the detection of aldehydes,
and gives the preference T to Lebbin’s,  but with the modification
of employing phloroglucol instead of resorcinol. This test is
carried out by adding to a few c.c. of the liquid to be examined
2-3 c.c.of a % per cent. solution of phloroglucol, or a small trace
of the dry substance on the point of a penknife, rendering alkaline
with § or 10 drops of caustic soda or potash solution, and boiling
(rapidly in order to prevent darkening by oxidation). Formal-
dehyde gives a brownish-red, and acrylaldehyde a blue-green
coloration, so that they are readily distinguished. The reaction
is considerably less sensitive than that of Trillat,§ but is much
less tedious in execution. Trillat’s reaction is obtained by adding
05 c.c. of the purest dimethylaniline (boiling between 190° and

* Collegium, 1905, p. 159.

+ Ibid. 1905, p. 158.

1 Lebbin, Chem. Centralblatt, 1896, ii. 930
§ Comp. Rend., 1898, 127, 132,
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191°) to 10 c.c. of the suspected liquid, acidifying with sulphuric
acid and shaking thoroughly. The liquid is now rendered alka-
line with sodium hydrate, boiled till free from smell of dimethyl-
aniline, and the precipitated tetramethyldiamidodiphenylmethane
is collected on a filter, washed, and treated in a small porcelain
basin, first with acetic acid and then with a little finely powdered
lead peroxide, when a blue colour is produced.

Quantitative Estimation of Formaldehyde—For general use
where accurate results are required, and in absence of bodies
which reduce iodine, such as thiosulphates, sulphides and sul-
phites, tannins and the like, Romijn’s method * is one of the most
satisfactory and rapid, especially for dilute solutions. It depends
on the oxidation of the formaldehyde to formic acid, accord-
ing to the equation: H.CHO 4 2NaOH 4 21 = HCOOH +
2Nal 4+ OH,; and hence each molecule of formaldehyde re-
quires 2 molecules of iodine for oxidation, and each c.c. of N/§
iodine, or indirectly of thiosulphate, is equal to 0°003 grm.
(1 molecule) of H.CHO. The formaldehyde solution must not
exceed about 2 per cent. in strength, and therefore 5 c.c. of 40
per cent. “formaline” must be diluted to 100 c.c. with distilled
water, and well mixed by shaking.

N/s5 iodine solution is made by dissolving 12685 grm. of
pure iodine (if necessary obtained from the commercial by
sublimation with a little potassium iodide) with 18 grm. of pure
potassium iodide in about 250 c.c. water and making up to
500 c.c. The iodide must be free from iodate, which may be
tested for by dissolving a little in water and acidifying with
hydrochloric acid, when the solution will become yellow and give
the usual blue reaction with starch if iodate be present. A
N/10 solution of sedium thiosulphate is also made by dissolving
2483 grm. of the pure salt, and making up to 1 liter, which
must exactly correspond to the N/1o iodine solution. The
accuracy of the thiosulphate solution, and indirectly that of the
iodine, may be tested against a standard solution of potassium
bichromate (see p.259). The thiosulphate is best kept in the
dark, and is liable to deposit sulphur and diminish in strength if
kept more than a few weeks. Instead of thiosulphate, a N/10
solution of sodium arsenite may be used, which is not liable to
change, but is very poisonous.

* Zeit. Anal. Ch., 1897, No. 36, pp. 18, 21.



82 LEATHER INDUSTRIES LABORATORY BOOK.

To make the estimation, 5 c.c. of the diluted formaldehyde
solution and 30 c.c. of N/1 NaOH solution are measured into a
bottle of about 500 c.c. capacity, and with a well-fitting stopper,
and 70 c.c. N/5 iodine solution is added from a burette with
constant shaking. The bottle is closed and again well shaken
and-allowed to stand for 10 minutes, when it is acidified with
40 c.c. of N/1 HCI, and titrated back with N/10 thiosulphate
solution, a little starch-paste being added as the yellow ceases to
be distinct, and the end-point being that at which the blue of the
starch first completely disappears.

70 c.c. of the N/5 iodine solution corresponding to 140 c.c.
N/10 thiosulphate have been used and supposing 73" 3 c.c. of the
latter are required for titration back, iodine equal to 667 c.c. of
the N/10 thiosulphate or 33°4 c.c. of N/5 iodine have been con-
sumed, equal to 33°4 X 0°003 = 0°1 grm. of formaldehyde, or
if 5 c.c. of a solution of formaldehyde diluted 5 : 100 have been
employed

3374 X 07008 X100 ¥ 1902 40°04 per cent.
5SS

It is necessary to employ considerable excess of iodine to
insure complete oxidation of the formaldehyde. It is safest to
compare the iodine solution direct with that of thiosulphate or
arsenite at the time of making the estimation, and take any little
inaccuracy into calculation, and the addition of the NaOH and
HCl should not affect this result. If many estimations have to be
made, a N/5 solution of thiosulphate may be conveniently sub-
stituted for the N/1o, which, however, is more generally useful.
Starch paste is best made as required, and only a minute quantity
is added to the solution towards the end of the reaction.

In cases where the use of iodine is impracticable from the
presence of other reducing substances, the method of Blank and
Finkenbeiner* dependent on the oxidation of formaldehyde to-
formic acid in alkaline solution by hydrogen peroxide may some-
times be employed, and is of equal accuracy to the preceding ;
but the presence of other substances giving acid products under
oxidation must be guarded against, and it is less adapted than
Romijn’s for the determination of very minute quantities. 3 grm.

* Berichte 1898, 2979. *
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of the (approximately 40 per cent.) solution * are weighed into a
tall conical (Erlenmeyer) flask with 25 c.c. of double-normal
NaOH solution, and 50 c.c. of 2°5-3'0 per cent. hydrogen
peroxide previously neutralised with NaOH are slowly added
during about three minutes ; and the mixture is allowed to stand
at least half an hour, and is then titrated back with double-normal
H,SO, or HCl in presence of phenolphthalein. If 30 c.c. of the
2N sulphuric acid are required to neutralise the soda, 20 c.c. of
the latter have been consumed by the formic acid formed and,
multiplied by 2, give 40 per cent. as the strength of the formalde-
hyde solution, the calculation being

(50 — 30) X 2 X 0°03 X 100
3 :

Of course, if a larger or smaller volume or weight than 3 grm. or
c.c. have been employed, it must be substituted for 3 in the
divisor. It must be borne in mind that in all cases of analysis,
if a liquid has been measured instead of weighed, the result will
be obtained in grm. per 100 c.c. and must be multiplied by the
specific gravity to get percentage by weight.

Another method, probably less accurate than the preceding,
but very convenient as a test for commercial formaline, was first
published by Lemme,} but had been long previously used by
E. M. Payne as a general method for the estimation of aldehydes.
It depends on the power of aldehydes to combine with bisul-
phites, which in the case of formaldehyde, acetaldehyde, and
many others, is sufficiently strong to decompose neutral sodium
sulphite, setting free sodium hydrate, according to the equation,
H.CHO + Na,SO; + OH, = CH,OHNaSO; 4+ NaOH. To
60 c.c. of a solution of pure Na,SO; . 7 Aq of 250 grm. per liter,
a few drops of phenolphthalein solution are added and the red
colour produced is just barely discharged by the careful addition
of H,SO,0or HCl; 3 c.c. or 3 grm. of the formaline are now added,
when the red colour will return, and must be again discharged
with N/1 acid. As each c.c. of the latter corresponds to 0 03

* Fresenius and Griinhut, Zeits. f. Anal. Ch., 44, 1905, 13-24, recommend
weighing in a tube which is introduced upright into the Erlenmeyer flask which
already contains 25-30 c.c. of double-normal NaOH, and there upset and mixed,
immediately adding the H,O, as above described. They recommend litmus or

azolitmin as indicator.
t Ch. Zeit., 1903, 896.
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grm. of H.CHO, the percentage either on volume or weight will
correspond directly to the number of c.c. used.

Where formaldehyde cannot be estimated or detected in the
original mixture in which it exists it may be separated by dis-
tillation, preferably with a little dilute sulphuric acid to decom-
pose proteid compounds. The cooling must be good and the
distillation carried nearly to dryness, if the results are to be at
all quantitative, though a good deal of the formaldehyde comes
over in the early stages. Formaldehyde leathers should be
digested for 1-3 hours with 1 c.c. of N/10 sulphuric acid, and
20 c.c. of water on the water-bath, either in a closed flask, or
connected with the condenser. A good criticism on the various
methods of estimating formaldehyde by Wallnitz is contained in
Collegium, 1903, pp. 105, I15.

“ Coal-Tar” Bates—Several derivatives of coal-tar products
have been used for deliming purposes, for which, but for cost,
they are well adapted.  Carbolic acid (phenol) has considerable
effect in removing lime, and has been used for that purpose
(p- 239) by Parker and Procter, especially in connection with the
colour-testing of liquors. Sulphonated derivatives of naphtha-
lene, phenanthrene, and other hydrocarbons, probably obtained
by treating the heavy, or “dead,” oils of coal-tar with concen-
trated sulphuric acid, have been put on the market by the Martin
Dennis Co., and by Hauff, of Feuerbach. The latter firm also
introduced “ cresotinic acid,” a mixture of impure homologues of
salicylic acid ; and also some allied derivatives of the naphthalene
series. Most of these compounds possess very pronounced anti-
septic powers, and hence may be usefully employed for deliming
sole leather hides in hot weather, when otherwise putrefactive
changes are liable to interfere with swelling in the liquors.

Owing to the varied character of these materials it is obvious
that no general directions can be given for their chemical ex-
amination.
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SECTION VIIL

CONTROL METHODS FOR LIMING, BATING, ETC.

IT is becoming recognised that no processes of the tanner are
more important and more in need of exact scientific control
than those which precede the tanning proper, for which they
prepare the skin by removal of hair and certain portions of the
cementing substance of the fibres, and by bringing the latter
into suitable conditions of swelling and hydration for the par-
ticular sorts of leather which are required. Unfortunately the
scientific methods of control with which we are acquainted still
leave much to be desired, but an effort will be made in the
following section to point out what can already be accomplished.

Soaks and Soaking.—Estimation of dissolved organic matter,
and ammonia may be made as in limes, but if total ammonia
is to be estimated, it must be set free from its salts by addi-
tion of calcined magnesia. Peptones may be estimated by
precipitation (see pp. 89, g0). Mineral salts will be found which
have been used in curing. Sodium (and possibly calcium and
magnesium) chlorides and sulphates, sodium hydrate, sulphide,
and carbonate, boric acid or borates, and arsenic are all probable.
Arsenic may be looked for by the ordinary Marsh test. Many
of the salts named have a solvent action on hide-substance,
especially in medium dilutions, and their concentrated solutions
interfere with proper swelling.

Limes and Liming—The examination of lime itself has been
described on p. 54. The total caustic lime present in a lime-
liquor or sludge is easily estimated by titration with standard
hydrochloric acid with phenolphthalein as indicator, the ammonia
being generally negligible in comparison with the lime, or expelled
by a short boiling. Very exact results are not to be expected
in the case of old lime-liquors, which contain weak organic acids
and bases which render the change of colour of the indicator less
sharp. - Where much carbonate is present, as in the case of
lime sludge, the material must be freely diluted with water, and
the titration done with sufficient stirring and somewhat slowly.
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Where soda or sodium sulphide is used in the limes, caustic
soda may be present in the lime-liquors, and will be estimated
as lime. Before it could be accurately separated from lime, it
would probably be necessary to destroy organic matter by
evaporation to dryness and ignition, but a filtered lime-liquor
may generally be assumed to be a saturated solution of caustic
lime, the strength of which is given on p. 54, and therefore
anything over about 1*3 grm. per liter may be reckoned as
caustic soda, ammonia, or some other alkali more soluble than
lime. Accumulations of caustic soda are liable to occur in limes
which are used for reliming skins or hides which have been
depilated with sodium sulphide, and if not watched, may lead to
disastrous results. Such cases are usually best dealt with by
making new limes at frequent intervals, but the addition of calcium
chloride will remove caustic soda by converting it into chloride,
and regenerating caustic lime, as in the Payne-Pullman liming
process. For this reason it is sometimes useful to add calcium
chloride to limes in which sodium sulphide is used if it is desired
to avoid swelling, and by doing so, the effects of arsenic-limes
may be closely imitated by the much cheaper and safer sodium
sulphide. :

Considerable quantities of lime are contained in lime-liquors
in clear solution neutral to phenolphthalein in combination with
organic matter. The zotal limme present is easily estimated by
evaporating a measured quantity of the filtered liquor to dry-
ness, weighing the total solids, igniting, and weighing the ash as
calcium carbonate (see p. 43), after moistening with ammonium
carbonate, and again gently igniting. If other mineral matters
are present the residue of carbonates from the ignition of organic
matter may be dissolved in hydrochloric acid, and the lime pre-
cipitated as oxalate will give the total lime present, both caustic
and as salts of organic acids ; and by deducting the former, the
weight of the latter may be obtained. If soda is present from
the use of sulphide of sodium or soda ash in the limes, it may
be first separated by washing the ignited and carbonated residue
on a filter and titrating the solution with N/1o HCl and methyl
orange. The insoluble calcium carbonate on the filter is then
determined by dissolving in a known quantity of standard acid,
and titrating back with methyl orange and HCl. From it must
be deducted the amount found as caustic lime. Strictly, the
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lime and alkalies should be calculated as oxides, and the corre-
sponding amount of CO, added to the organic matter.

As it is not easy to keep a milk of lime so thoroughly mixed
that equal quantities of the suspended lime can be pipetted off,
it will generally be best to dilute with such a quantity of distilled
water (free from CO,) as will keep all the actual caustic lime
in solution, as in the estimation of “available lime.” Methyl
orange is generally useless as an indicator in the case of lime-
liquors, as it gives no sharp end-reaction from the presence of
weak organic acids and bases.

Ammonia has an important influence on liming, swelling less.
but dissolving more hide-substance than lime alone. Stiasny *
has shown, however, that on mixture with lime, this effect is pre-
vented, or greatly diminished, probably by the formation of
complex lime-ammonia salts. It is usually present in greater or
less quantity, being evolved from the hide-substance itself by the
action of lime. It is best determined either by Procter and
McCandlish’s method (p. 60) or, preferably, by distillation (p. 63).
In the latter case it must be borne in mind that old lime liquors
are apt to froth excessively in boiling. Care is necessary in
drawing samples, to take them from the freshly plunged lime, and
to avoid loss of ammonia. Samples should be analysed without
delay,as ammonia may be evolved from the organic matter present.

Amines (substituted ammonias) are contained in most lime
liquors, and are less alkaline but otherwise similar in their effects
to ammonia itself. By the distillation-method they will be
mostly determined with the ammonia, but as they are less vola-
tile, will probably be little estimated by Schloessing’s process.
Amido-acids are also present, but no convenient method is
known for their determination.t

Alkaline Sulphides or sulphydrates derived from the addition
of sodium or arsenic sulphide to the limes may be estimated by
the zinc method given on p. 55. Not much is known either of
their chemical action on the hair, or of what becomes of them
in the process, but they usually disappear somewhat rapidly.
Further investigation is very desirable. Arsenic may be detected
by the Marsh test; for estimation see p. 58, remembering the
presence of traces of organic phosphorus.

* Gerber, 1906, xxxii., pp. 200 ¢f seg. ; abstract Colleg. 1907, p. 126. This paper
<ontains much valuable informatior on the theory of the liming process.
t See, however, p. go.
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Dissolved organic matter of various sorts is always present.
The substances of the hide are first peptonised and rendered
soluble by the action of the lime, ammonia, and putrid ferments,
and are gradually broken down to simple forms, such as amido-
acids and amines. The total nitrogen of the liquor is easily
estimated by the Kjeldahl method (p. 64), and from this the
amount of dissolved hide-substance can be inferred ; though it
must not be forgotten that the epidermis matter, which it is the
function of the lime to dissolve, as well as that portion of the
cementing matter which it is desired to remove, are nitrogenous
substances similar to the actual hide-fibre, and will, of course,
be also estimated by Kjeldahling. A suitable quantity of the
liquor to be examined, proportioned to its content of organic
matter, should be pipetted into the Kjeldahling flask and acidified
with sulphuric acid, and evaporated nearly to dryness, before
adding the concentrated acid for the actual digestion. Ammonia,
if present, will of course be estimated with other nitrogenous
matters. The amount of nitrogen found in analysis of really old
limes, will not fully represent the total of nitrogenous matter
dissolved, as considerable portions may escape in the form of
ammonia from open lime-pits. All results are best stated as
grms. per liter.

The Proximate Analysis of the various nitrogenous matters
found in old limes is exceedingly complicated, and only possible
to a certain extent, but for the tanner is only of minor importance,
as he does not attempt to utilise or separate the dissolved matter,
and even if, with our present knowledge, a proximate analysis
could be made, it would not enable us to distinguish what portion
of the products was derived from epidermis matters, and what
from the fibre of the hide itself.

Eitner* has determined the organic substances in limes in the
following manner. A measured quantity of the filtered lime liquor
was first treated with carbon dioxide to precipitate the lime
as carbonate, the liquor was warmed to drive off excess, and the
precipitate collected on a tared filter, washed first with a little
water, and then with slight excess of dilute hydrochloric acid to
remove lime, again with water, and finally dried at 100° C., and
weighed as ‘“dissolved hide-substance in combination with
lime.” 5

* Gerber, 1895, pp. 157-9, 169-72.
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The filtrate was then slightly acidified with hydrochloric acid
and the further precipitate collected, washed and weighed as
before, and reckoned as “organic substance uncombined with
lime.” This distinction strikes the writer as very doubtful, as
it is by no means probable that all organic compounds of lime
would be decomposed by carbonic acid.

The peptones were determined in the filtrate, either by an
unpublished method of Eitner’s, in which sodium hypochlorite is
used as a precipitant, and which is founded on that of Jolles,* or
by that of Hallopeau.f In thelatter, the neutral or slightly acid
solution is mixed with its own volume of a mercuric nitrate
solution, and ailowed to stand 18-24 hours. The precipitate is
then collected on a tared filter, and washed with cold water till
the wash-water is free from mercury, dried at 106°-108° C., and
two-thirds of its weight reckoned as “ peptones.” The mercuric
solution is prepared by heating 150 grm. of commercial pure
mercuric nitrate with 1 liter of water for twenty minutes. After
filtration the solution is heated nearly to boiling, and a solution
of sodium carbonate is added drop by drop, with constant
stirring, till a slight permanent precipitate is produced, when it
is again filtered for use.

The total organic matter as determined by these methods
comes out decidedly lower than the loss on ignition, and
certainly does not include all the organic products present, and
especially the amines and amido-acids.

The earlier products of the action of lime and ferments on
gelatinous matter (peptones), though soluble in cold water, are
still capable of being precipitated by tannin, and it may some-
times be of interest to determine what proportion of these
matters, which are still capable of forming leather, or at least of
acting as “fillings,” have been washed out by any given mode of
treatment, such as drumming or stocking. For this purpose the
solution containing them may be rendered faintly acid with
acetic acid, and precipitated with excess of tannin, and the
precipitate filtered off and Kjeldahled. To facilitate filtration
any non-nitrogenous substance, such as asbestos, kaolin, or paper-
pulp may be added, or the filter paper itself may be placedin

* Zeit. Anal. Ch., 1890, xxix., p. 406.
t Compt. Kend., 1892, cxv. p. 356. Cp. also Ch. Zeit., 1892, No. 73, p. 263;
ibid. No. 16, p. 263 ; ibid. 1893, No. 4, p. 42.
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the digesting flask. If the quantity of organic matter added is
considerable, it will increase the time required for digestion to
a colourless solution, and a blank test with a similar quantity
of the organic matter should be made to ascertain the absence
-of nitrogen, or to allow for it if present.

Probably a better method for the proximate analysis of
gelatin and its decomposition products (peptones, amido-acids
and amines) than any of the above, is that used by Wood and
Trotman* in their examination of “Collin” (p. 233). The un-
.changed gelatin was precipitated by saturating its solution with
zinc sulphate, and filtered off, and after washing with zinc sulphate
solution, the wet precipitate was Kjeldahled, and the gelatin
calculated. On the average of many analyses gelatin contains
18 per cent. of N. The clear filtrate containing ‘zinc sulphate
was treated with excess of bromine to precipitate peptones, and
the bromine precipitate was similarly Kjeldahled, the nitrogen
representing peptones, which have a lower percentage of nitrogen
than gelatin or hide fibre. Finally, the nitrogen present in the
filtrate represents the soluble lower compounds of nitrogen, such
-asamido-acids and amines. These methods may also be applied
to the examination of glues and glue sizes.t

Bacteria and the enzymes or soluble. ferments which they
produce in their action on the skin play a large, if not the most
important part in the unhairing process, and a hide may be
fully limed, say by the Payne and Pullman process} without
the hair being loosened, so long as bacterial action is excluded.
Unfortunately few chemists engaged in tanneries have either
the training, time, or appliances to undertake bacteriological
work, and leather rmanufacturers have not yet realised its
cardinal importance, so that our knowledge is very limited.
It is, however, well recognised by the practical tanner, that though
bacterial action may be essential to satisfactory liming, the
presence of unsuitable bacteria is one of the most fertile causes
of damage at this stage. The simplest forms of bacteriological
investigation are described at some length in Section XXVI,, and
though a little personal instruction is of great help, leather
chemists should not be discouraged in attempting at least the

most elementary operations, such as plate culture, which would
* Journ. Soc. Ch. Ind. 1904, p. 1071. .
+ Trotman and Hackford, Journ. Soc. Ch. Ind. 1904, p. 1072.
1 Principles of Leather Manufacture, p. 137.
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form the first step to a more complete investigation. With
regard to limes, plate-culture in Petri dishes (p. 445) with a
slightly alkaline peptone-gelatine (p. 443) seems the appropriate
method, and if the gelatine were made distinctly alkaline with
lime-water, it would restrict the growths to those capable of
development under conditions similar to those of the limes, and
so lessen the danger of contamination with the many germs of
other sorts always floating about in tannery air. Roll-cultures
(p- 445) in bottles in an atmosphere of nitrogen (i.e. air from
which oxygen and carbonic acid had been absorbed by an
alkaline solution of pyrogallol) would afford a means of study-
ing the anaerobic organisms which must be active in deep limes;
and the mere counting of the colonies capable of liquefying
gelatine would be of value, since it is not likely that bacteria
incapable of doing this can produce much injury to hides or
skins. Stab-cultures in test-tubes (p. 444) are also suitable for
the study of anaerobic organisms. From plate-cultures, pure
cultures of the different organisms can be made, and their
individual action on hide-substance studied. ~As old limes con-
tain large numbers of bacteria, it will generally be desirable to
dilute the liquor considerably with sterilised water before inocu-
lating the culture-medium.

The enzymes or soluble ferments are precipitated by addition
of a large volume of absolute alcohol, and their activity is not
destroyed by ether or chloroform, or by drying at a low tem-
perature, but is restored by solution in water, so that in this
way they may be separated and studied apart from the living
bacteria; but, of course, many of the products of gelatine-
decomposition such as peptones would be precipitated with
them, and it would be difficult to make any estimate of their
quantity apart from their fermentative action. They are all
nitrogenous bodies of the nature of albumins.

The direct microscopic examination of lime-liquors is often
interesting, and living bacteria -may be recognised and some-
times identified by a }-inch or often by a }-inch objective,
though for their more detailed study a {5-inch homogeneous
immersion is desirable (p. 396).

In the microscopic examination of old lime-liquors, spherical
crystalline concretions of carbonate of lime will frequently be
noted, similar to those sometimes found in urines, or, on a much
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larger scale, in the dolomite rocks near Sunderland. It is pro-
bable that such globular concretions are in all cases due to
crystallisation from liquids highly charged with organic matter.
These crystalline bodies have often a somewhat deceptive re-
semblance to fungoid spores or other organised cell-structures.

Puers, Bates—*Puers” are fermenting infusions of dog-dung,
“bates” of pigeon- or hen-dung, but similar names are frequently
applied to artificial mixtures, such as “ coal-tar bate,” which are
really chemical deliming agents, and, however useful, are
different in their effect to the dung-baths. Some other prepara-
tions, such as “Erodin,” may fairly be denominated artificial
puers or bates, since like the natural ones, they owe their
efficacy to bacterial action and products, and are really artificial
culture-media, to which a suitable bacterial ferment is supplied.*
The object of puering and bating is partly to remove lime, but
to a still greater extent to complete the solution or breaking up
of the epidermis structures, to remove a portion of the cementing
matter, and to bring the fibres into a flat and unswollen condi-
tion.

In this case, even more than in the limes, bacterial investiga-
tion is of the first importance, and much that has been just said
of the bacterial examination of limes applies here also. Both
bates and puers, though not necessarily alkaline when first
made, speedily become so, owing to the lime introduced by the
skins, though of course to a much less degree than the limes
themselves, and this should be considered in the preparation of
either liquid or jelly culture-media. Boiled and filtered bate or
puer liquors, with the addition of gelatine, and sometimes of
peptones, glucose and other nourishing substances, often form
suitable media.

Most of our knowledge or the chemistry of puering and
bating is due to the researches of J. T. Wood.t He has shown
that the puering effect is principally due to the joint action of
bacterial enzymes and amine salts, neither of which alone pro-
duces the full effect of true puering. The presence of living
bacteria is not essential, though in practice it is advantageous, if
injurious organisms can be excluded ; and, no doubt, the am-

* On the principles of puering and bating cp. Principles of Leather Manufacture,
Chap. XIIL ‘.

t Journ. Soc. Ch. Ind., 1894, p. 218 ; 1895, p. 449 ; 1898, pp. 856, 1010; 1899,
PP- 117,990. A summary is given in Principles of Leather Manufacture, p. 170 ¢f seg.
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moniacal salts and amido-acids present among the decomposition
products of skin take their part in the removal of lime. Erodin,
the artificial puer introduced jointly by Wood and Drs. Popp
and Becker, is a dry powder consisting of peptonised products
of hide-substance, together with some phosphate of lime and
other salts needed for the proper nutriment of bacteria, which
are contained in a separate culture which is added to the erodin
infusion shortly before use. The culture is a mixed one, con-
taining principally two species of bacteria which are found to
work most effectively together. Neither of them liquefies gelatine.
For details of use, Principles of Leather Manufacture, p. 174, may
be consulted.

But little can be done in the way of actual chemical control
of puers or puer liquors, as the process is too complex and largely
bacteriological. Enzymes may be separated with alcohol as
mentioned on p. gI, but will be a mixture of various kinds with
peptones and other products which cannot be separated. Amines
may be liberated by excess of calcined magnesia, and distilled
off together with the ammonia, and collected in dilute hydro-
chloric acid, but their separation could only be accomplished by
fractional crystallisation, and even then not quantitatively. By
evaporating the mixed chlorides to dryness repeatedly with
additions of water to remove free acid, and finally drying at
somewhat over 100° the weight of mixed chlorides may be
determined. If now the amines and ammonia are liberated by
excess of normal NaOH, and driven off by boiling, the hydro-
chloric acid with which they were combined may be determined
by titrating back with N/1 HCl, and thus the mean mole-
cular weight of the bases may be found. The total nitrogen
may be determined by Kjeldahling, as in limes, but if the object
is to estimate the solution of hide-substance, the nitrogen present
in the liquor before use must of course be determined and
deducted. Fat is emulsified by puers and bates, and worked out
mechanically by the subsequent treatment on the beam. It
could no doubt be estimated in the liquid “scudded” out by
acidification and shaking out with ether, which would probably
be a more suitable solvent than petroleum-ether, as the fat, like
wool-fat, must consist partially of liquid waxes.

Drenches.—Drenching consists in treatment of the skin with
fermenting bran infusions which have generated lactic or acetic
acid, and its principal object is to remove lime, to cleanse from
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the putrid ferments of the puer, and to bring the skin into a faintly
acid condition without material swelling. For details of the pro-
cess the reader is referred to Principles of Leather Manufacture,
p- 166. The theory of drenching has been very fully studied by
Wood.* The principal bacteria are B. furfuris a and 8 (Wood),
shown in Figs. 41 and 42, p. 436, though other acid-producing
bacteria may be concerned. They are incapable of fermenting
the starch of the bran directly, but can only doso after it is con-
verted into glucose by the action of cerealin, an enzyme naturally
present in bran.

Bacterial examination is principally limited to the detection
of false ferments which may produce injury to the skins. As
the drench is normally weakly acid, culture-media for the drench
organisms themsglves should always be faintly acid, and contain
glucose as a nutritive substance, together with traces of phos-
phates. Pasteur’s or Cohn’s solutions (p. 442) are suitable. If]
however, the object of the examination is to detect putrid
ferments introduced from the puers or elsewhere, media suitable
for these, of a slightly alkaline character and containing nitro-
genous nourishment, may be used with advantage.

Chemical examination is directed in the first instance to the
quantity of acid present, and afterwards to its character. The
total acid is easily estimated in the drench liquor with N/10o
alkali, or with baryta-water or lime-water, with phenolphthalein
as indicator, and may be calculated either as acetic acid (eq. 60),
or as lactic acid (eq. 9g0). The usual quantity of mixed acids
varies between 1 and 2 grm. per liter. In an experimental
drench which Wood examined, which had not been used for
skins, he found 0° 7205 grm. acetic acid, 0-0402 grm. butyric acid,
and o0°0918 formic acid in the volatile portion, and 0°7907 grm.
of lactic acid per liter, beside traces of trimethylamine. No
other non-volatile acids were detected, but the drench liquor on
long-continued boiling deposited calcium phosphate and a trace
of calcium oxalate. The gases given off during fermentation
consist mainly of hydrogen, with carbon dioxide and nitrogen.

Wood determined the acids as follows :—The volatile acids
were estimated by adding to 3 liters of the drench liquor a suffi-
cient weighed quantity of pure calcium carbonate (in this case
5 grm.) to render the liquid alkaline, and the mixture was concen-

* Journ. Soc. Ch. Ind., 1890, p. 27; 1893, p. 422 ; 1897, p. 510 ; Brit. Assoc. Rep.,
1893, p. 723
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trated in a distilling flask till the distillate was no longer alkaline.
The traces of base which distilled over were identified as tri-
methylamine. 100 c.c. of N/1 HCI were required to neutralise
the calcium carbonate employed. 50 c.c. of this were first added,
rendering the mixture very faintly acid, and the remainder in
successive portions of 10, 10, 10, and 20 c.c,, a fraction being
distilled off after each addition. Each fraction was then boiled
with barium carbonate, the barium salts formed were filtered off,
and the residual barium carbonate well washed, and the solutions.
with their respective washings were evaporated to dryness, dried
at 130° C, and the barium salts weighed when constant. The
salts were now decomposed with strong sulphuric acid, ignited,
and the residue of barium sulphate determined. This of course
enabled the mean molecular weight of the acids of each fraction
to be calculated, and assuming the two first to be mixtures of
butyrate and acetate, and the two last of acetate and formate,
it became easy to calculate the proportions of each.

The nature of the volatile acids in each of the fractions was.
determined qualitatively. A portion of fraction 1, heated with
concentrated sulphuric acid and alcohol, gave the characteristic
pineapple smell of ethyl butyrate. Fraction 2 heated with sul-
phuric acid gave a strong smell of aceticacid. After filtering off”
the BaSO,, the solution was carefully neutralised with ammonia,
concentrated, and added to a solution of neutral ferric chloride,
when it became dark-red, and finely divided basic ferric acetate
came down on boiling. Formic acid was detected by adding
silver nitrate, and slightly acidifying the solution with acetic acid,.
when a little silver was deposited in the form of a metallic film.

To determine the non-volatile acids, four liters of the drench
were concentrated to one liter, and filtered, the insoluble matters
were well washed and the washings added to the filtrate, which
was placed in a distilling flask and distilled with additions of
water (of which four liters were required), until the distillate was
no longer acid. During this operation the liquid again deposited
solid matter, which had to be filtered off a second time and washed
as before. 10 c.c. of the concentrated solution were repeatedly
titrated with N/10 NaOH, using glazed litmus paper as an indi-
cator, and, calculated to the original volume as lactic acid, gave
0°7481 grm. per liter of the drench. The presence of lactic acid
was qualitatively established by heating 10 c.c. of the liquid in
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a small distilling flask with 2 c.c. of concentrated sulphuric acid,
and 1 grm. of potassium chromate. The distillate smelt of alde-
hyde and gave the usual reaction with magenta decolorised with
S0, (see p. 80). This reaction is found by Wood to be a
very delicate one for lactic acid, and is not given by succinic,
malic, citric, or tartaric acids, nor by those of the acetic series.
Succinic and malic acids were tested for, and found to be absent.
In order to isolate the lactic acid, 100 c.c. of the concentrated
liquid were decolorised with 10 grm. of animal charcoal, the
mixture filtered, and the charcoal well washed, and the filtrate
and washings evaporated to dryness. 15 drops of N/1o H;SO,
were added to decompose lactates, and the residue was ex-
tracted with ether, which was distilled off and the acid converted
into calcium lactate. The quantity of lactic acid found in this
way was slightly larger than that found by direct titration, owing
no doubt to the decomposition of the lactates. The particulars
of this research have been given in some’ detail, as they contain
useful suggestions for future work, and give some idea of the
thoroughness and care of Mr. Wood’s researches, but for the
ordinary purposes of works-control it would no doubt be sufficient
to estimate the total acid by direct titration of the drench liquor ;
and the volatile acids by distillation to small bulk, repeating the
distillation with small additions of water, so long as the distillate
contains perceptible traces of acid. Titration with lime-water
and phenolphthalein is convenient, and if the lime water be
standardised against 10 c.c. N/1 HCI, which is equivalent to
60 mgr. of acetic or go mgr. of lactic acid, the calculation
becomes one of simple rule-of-three.

While there is no doubt that the principal effect of the bran-
drench is due to the organic acids produced by bacterial fermenta-
tion, it has been noticed that a mere unfermented infusion is not
without action in removing lime, and a part of its effect has been
attributed by Mr. E. M. Payne in conversation with the author to
the presence of a peculiar organo-phosphoric acid, which has been
shown by Patten and Hart* to exist in bran in combination with
magnesium and small quantities of other bases, and which is
probably identical with the anhydro-oxymethylene-diphosphoric
acid extracted by Posternak} from beans and other seeds, to

* Bull. 250 New York Ag. Exp. Station ; Ch. News, 1904, p. 112.

t Revue Générale de Botanique, 1900, xii. pp. 5and 65. Compt. Rend., cxxxvii.
Nos 3, 5, 8.
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! e . (CH,~O.PO(OH),
which he'gives the formula O ~{CH2-—O.PO(OH)2' The free
acid is a thick syrupy liquid, soluble in water. Its alkali salts
are also soluble, those of magnesia and lime less so, and those of
barium and strontium very sparingly. The magnesium and
calcium salts are soluble in acetic acid. It exists in bran to the
extent of about 2°75 per cent. It is somewhat analogous to the
glycerophosphoric acid obtained by mixing glyceerin and meta-
phosphoric acid, and if further investigation proves that it is of
importance in the drenching process, it would be worth experi-
menting with the glycerin compound as a substitute.

Many substitutes have been proposed for bran-drenching,
usually containing glucose, sugar, or other vegetable matters
brought into fermentation, often with little knowledge of the
proper fermentation to be produced. Weak glucose solutions
with a little mineral nutriment like Cohn’s solution (p. 442) set
with the milk-ferment give good results, and could probably take
the place of bran fermentation with profit in many cases. If
fresh milk be set with a little sour milk, and the process repeated
from day to day, an almost pure culture of the milk-lactic bac-
terium results, as no other organism thrives so well under the
conditions. The method has long been used in producing a
“starter ” in souring milk for butter-making. The true drench
bacteria are probably originally derived from the puers and
cannot long be kept in a state of activity as a separate culture,
without fresh nourishment, though in the drenching process they
are sufficiently abundant about the vessels used to secure a
continuance of the fermentation without intentionally added
ferment.

Acids, both mineral and organic, have now in many yards
largely taken the place of drenches, and even of puers, as a
means of deliming, or to complete and shorten the fermentative
process, which is always more or less dangerous to the goods.
Lactic, acetic and formic acids in particular are very complete
substitutes for drenching.’ Hydrochloric, and even sulphuric
acids are successfully used even on light skins, for reducing the
lime to a small residue, the process being usually cornpleted by
drenching or the use of organic acids. These stronger acids can
also be employed to liberate the weaker organic acids or boric
acid from the lime salts formed, and so economise the quantity

H
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required in strengthening for successive parcels of skins. The
acid effect of all organic acids is lessened by the presence of their
own neutral salts in the solution, and the swelling power of
mineral acids may be controlled by additions of salt; while
organic salts added to solutions of mineral acids act as regulators
of their action, liberating organic acids as soon as the mineral
acid is in excess. For further details ‘Principles of Leather
Manufacture,” pp. 184 ef seg., may be consulted.

It is obvious that in all these cases accurate determination of
the acids, both in the original solution and after use, is of great
importance, but the ordinary alkalimetrical methods will mostly
suffice, methyl orange being usually the appropriate indicator
for the mineral acids, and phenolphthalein with caustic standard
solutions or with lime and baryta water for the organic. It is
not easy to devise simple methods for the separate estimation of
organic and mineral acids in mixture, though in some cases the
different sensitiveness of indicators can be taken advantage of.
If mineral acids are used to decompose the salts of organic acids.
it is usually well to be sure that the salts are in liberal excess.
Boric acid may be estimated in presence of mineral acids by the
methods given on p. 76, but very accurate results are not
generally to be expected, since the organic acids from the skins.
usually affect the sharpness.of the change of colour of methyl
orange. The total boric acid can of course be accurately esti-
mated by adding excess of base, and destroying the organic
matter by ignition.

Control of Hides and Skins—Beside the control of the liquors
it is very important to adopt scientific methods in the examina-
tion of the hides and skins themselves during the preparatory
processes, and especially, the tanner constantly wants to ascertain
at the earliest moment the actual weight of dry leather-forming
matter in his raw material, and consequently, the maximum
weight of leather which he can expect to obtain. Attempts.
have frequently been made to calculate this from the weight of
the soaked or limed pelts, but though these figures are useful
guides in regular work, they are very variable, owing to the
different moisture, amount of hair, and so on, in hides from the
soaks, and the variability of the swelling in limed hides. Actual
drying and weighing of portions of hide-material itself is im-
practicable both from the length of time which it occupies, and
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the impossibility of getting really average samples. By far the
best method is that of the determination of weight in water, a
method probably first suggested by the writer to his students,
but afterwards worked out in more detail by Carini,* and tested
on a large scale by C. E. Parker and G. H. Russell.tf In
principle, this depends on the fact that water weighed in water
weighs nothing, and that consequently the water-weight of a hide
is simply that of the actual dry hide matter, less that of the
water actually displaced by the dry matteritself. If a thoroughly
soaked sponge be hung in water by a fine wire, from a delicate
spring balance, it will be found to weigh exactly the same,
whether squeezed out or allowed to expand; and in the same
way, the swelling or flatness of the hide makes no difference to
its water-weight unless indeed the actual density of the hide-
substance is altered by some chemical change.

Parker and ‘Russell prefer to weigh the hide or skin by at-
taching it by a thin copper wire to a delicate spring balance
(Sailter, Birmingham), or, with still greater accuracy, to a beam
balance made for a similar purpose by Reimann, of Berlin. As
the water-weight is only about 1/16 of that in air, a delicate
balance must be used, and care taken not to let the weight come
upon it till the hide is really immersed in the water, and it must
be hung in a deep pit or vessel in such a way that it does not
inclose any air in its folds, and does not touch the sides of the
pit. From the water-weight, the weight of dry matter is ob-
tained simply by multiplication by a factor C, and deduction of
the dry weight so found from the weight weighed wet in air
gives the amount of water contained in the hides as weighed.
The factor C will probably prove to be a constant when accu-
rately ascertained for pure hide-substance, or at least to vary
within very small limits. It may be determined either directly
by dividing the water-weight of an average sample of hide by its
actual dry substance as found by drying at 100°C., weighing,
and deducting any lime or other mineral substances present (re-
membering that the lime must be calculated as CaQ, and not as
carbonate), or the sample may be Kjeldahled, and the dry sub-
stance calculated from the nitrogen found, which would bring it
into harmony with the hide-substance as determined in the

* Lancashire Tanners’ Federation Year Book, 1905, p. 45.
t+ Collegium, 1905, pp. 161, 17I.
4 H 2
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leather by the same method. The factor C may also be deter-
mined by calculation from the specific gravity S of hide-substance,
if the latter is known, as C= S /(S — 1). On the whole, the
first method is to be preferred as more direct, as it is not certain
that the specific gravity of the swollen hide is exactly that of
the hide dried at 100° C. If the gravity is taken direct, great care
should be taken, especially in the more porous sorts of hide
" material, that no air is contained in the pores. This will pro-
bably be best attained either by actually weighing in water after
placing the pycnometer for some time under an air-pump
receiver to remove air, or by weighing in paraffin oil after pro-
longed soaking. Gravity can, of course, be calculated from the
factor C, since 1/ (C—1) = (S—1). The presence of fat and other
foreign matters, such as hair on the hide, will of course introduce
errors, but these in most cases will be of small importance. The
gravities are supposed to be taken at 15°C. or 60° F., but small
differences of temperature are quite negligible ; a temperaturc
of 25°C. only introducing an error of about 02 per cent. which
is much less than probable errors of weighing. The influence of
lime contained in the lime-water absorbed by the hide is some-
what greater, but will be allowed for in the factor, if this is
determined experimentally under the same conditions. As in
any case, rather relative than absolute results are required, the
exact accuracy of the factor is not of much importance, so long
as the same is always adhered to. Parker and Russell give the
gravity of hide-substance in plumped butts as 1425, which gives
a factor C of = 3-353, and in plumped shoulders and bellies as
1°374, giving C = 3-674. They themselves, however, calculate
the factors as C = 3°38and 3-754respectively. They quote the
following from Carini as the result of many determinations of
pelt dried at 100° C.
Hides ex soaks with hairon .. .. C ‘216 Sp. gr. = 1°45.

ss 5y limes, unhaired .. .. ..
y»  unhaired with sodium sulphide

Parker and Russell remark on the importance of the degree
of swelling as influencing the tannage ; and in this they are un-
doubtedly right, not only as regards sole-leather, but probably
to a still larger degree in the case of skins and dressing goods, in
which it is well known that the more the swelling is reduced,



CONTROL METHODS FOR LIMING, BATING, ETC. 101

the softer is the leather. As a measure of swelling they
calculate what they call the “apparent specific volume ” as (air-
weight — water-weight) / (dry hide-substance). This figure does
not seem to represent any actual physical quantity, but is ap-
parently founded on a misconception, and it is surely better
either to calculate the total wet weight of one part of dry sub-
stance, which is done by dividing the actual wet weight by the
calculated dry substance, or the quantity of water held by one
part of dry substance, which is of course one less than the above,
since both of these figures are obvious actual quantities.

There is no need that this method of determining hide-sub-
stance should be confined to limed hides, as it is probably equally
applicable in any stage of the wet-work, and should give valuable
results as to the effect of bating, puering and drenching in
reducing swelling. It is also applicable with some modifications
to leather in process of tanning.

Limein Hides.—The presence of caustic lime in hides is easily
detected by moistening a freshly cut edge with solution of phe-
nolphthalein, which will turn red or pink according to the quan-
tity of lime present. Caustic soda or sodium sulphide gives a
similar reaction. This test is extremely useful in judging of the
extent of deliming by bates or drenches. The quantitative deter-
mination of caustic lime in the hide is somewhat difficult and
troublesome, but is best done by a method devised by Mr. E. M.
Payne. The hide or skin is cut into thin shavings, avoiding
exposure to air as much as possible, and is weighed into a
stoppered bottle with distilled water free from CO, and some
phenolphthalein. N/10 HCI from a burette is now added till
the red colour of the liquid is just discharged, and the bottle
shaken and allowed to stand, when the liquid will again be
reddened by lime diffusing from the hide. Further additions of
acid are made very slowly and over many hours, till the red
colour seen in the shavings just disappears, and the total acid
used is calculated into caustic lime.

Total lime is determined by drying and igniting the sample,
dissolving in excess of N/1 or N/1o HCI (according to the
quantity of hide taken), and titrating back with standard caustic
soda and phenolphthalein, or, if it be desired to include sulphate
or chloride, by precipitation as oxalate (see p. 45). Payne*

* Lancashire Tanners’ Year Book, 1905, p. 75 ; Collegium, 1905, p. 184.
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gives the following percentages of lime calculated as calcium
hydrate in hide dried at 100° C.

Per cent.
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The differences are very striking, and show the need of further
investigation.

Acid in Hides and Skins—1f skins have been delimed or
swollen with acid, it is sometimes desired to determine the excess
which they contain. Total acid may of course be estimated by
reversing Payne’s process for caustic lime (vide supra) and titrating
with caustic alkali or lime-water till a faint permanent red
appears. Another and less tedious method is to place the
weighed portion of hide in a bottle with distilled water, and a
weighed portion of freshly ignited magnesia, and allow it to stand
with occasional shaking till the acid is completely neutralised,
which with thick hide may take many hours. The point of
neutralisation may be determined by testing a freshly cut surface
with litmus paper. The hide is carefully freed from adhering
magnesia, and the whole of the undissolved MgO is collected on
a filter, ignited and weighed, when the loss may be calculated
into total acid. Probably methods could also be devised taking
advantage of the fact that borax or sodium bicarbonate does not
swell hide, but can be titrated as alkali in presence of methyl
orange. Free mineral acids may be estimated in presence of
their salts (as in pickled skins) by adding excess of N/1 NaCO,
to a weighed portion, evaporating the whole to dryness, igniting
gently, extracting the ash with water, and then completing the
ignition, finally adding the extracted solution, evaporating to
dryness, and again gently igniting, and titrating back the soda
solution, when the loss will represent mineral acids. The error
to be guarded against is the reduction of sulphates by the or-
ganic matter, and their subsequent conversion into carbonates.
For this reason the salts are as far as possible removed from the
organic matter by washing, either before drying or after very
gentle ignition. The use of most oxidising agents would be
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inadmissible, as they would produce variations in the alkalinity
of the residue. (Compare p. 369 on the estimation of free acids
in leather) The loss of sodium chloride is of no consequence
as it is a neutral salt, and calcium or magnesium chlorides which
are dissociated on ignition cannot exist in the material after
treatment with sodium carbonate.

SECTION VIIL

THE CHEMISTRY OF TANNINS AND THEIR
DERIVATIVES.

THE essential constituents of tanning materials are various
members of a large group of organic compounds called tannins,
or tannic acids,* which are widely distributed throughout the
vegetable kingdom, and which are said to occur in one insect,
the corn weevil. Their function in vegetable physiology is yet
uncertain, and in some cases they appear to be waste products
of organic changes. :
These bodies often differ widely both in chemical constitution
and reaction, but have the common property  of precipitating
gelatin from solution,t and forming insoluble compounds with
gelatin-yielding tissues. By virtue of this power, they convert
animal hide into the insoluble and imputrescible material called
“leather.” They are mostly uncrystallisable; and all form
blackish-blue or blackish-green compounds with ferric salts,
and, in common with many other organic substances, are precipi-
tated by lead and copper acetates, stannous chloride and many
other metallic salts. In some cases the tannin combines with -
the base only, liberating the acid ; but frequently the salt as a
whole enters into combination. This is the case with the preci-
pitates formed with lead and copper acetates. Tannins are also
* Ger. Gerbsiure ; in German, the word Zannin denotes usually gallotannic acid
Onl)',I'. Certain bodies have been described as tannins, such as ‘‘ moringatannic acid,”
or maclurin, and “‘caffetannic” and *‘lupulotannic ” acids, which do not precipitate

gelatin or tan hide, and, in the writer’s opinion, are more closely related to the
colouring matters than the tannias. :
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precipitated by many organic bases, such as quinine, morphia,
and most of the basic colouring matters. With alkalies, the
tannins and many of their derivatives give compounds which
oxidise and darken rapidly, usually becoming successively
orange, brown, and black. A. H. Allen has shown that these
bodies also give instantaneously a deep-red coloration with a
solution of potassium ferricyanide and ammonia. The reaction
is one of considerable delicacy.

Tannins are more or less soluble in water and glycerin; and
freely so in ethyl and methyl alcohol, mixtures of alcohol and
ether, acetone and ethyl acetate, but scarcely in dry ether alone,
nor in dilute sulphuric acid ; and insoluble in carbon disulphide,
petroleum spirit, benzene and chloroform.

A. G. Perkin* points out that the colouring matters of plants
usually yield the same decomposition products as the tannins
associated with. them, though this is not invariably the case.
The following table shows this in a convenient form :—

Tanning Tannin Decomposition Products |  Colouring | R,gcd(:ggo Zi-tiz"
Material. Contamed. of the Tannin. Matter. { s ¥
[ \ | Colouring Matter.
, ] ~ . |
Quebracho Quebracho- | Phloroglucol + and Fisetin. . | Resorcinol.
colorado tannin Protocatechuic acid | Protocatechuic
| acid.
Rhus species | Gallotannin | Gallic acid . . Myricetin . | Phloroglucol.
; l | Gallic acid.
{ | H
Catechus . | Catecliin . | Phloroglucol and | Quercetin . | Phloroglucol.
: Protocatechuic acid | Protocatechuic
i acid.
CapeSumach | A catechol- | Protocatechuic acid. | Quercetin . | Phloroglucol
tancin | and Protoca-
k techuic acid.
Divi-divi . | Elagitannin | —3 i Ellagic acid‘ —_
| !

The natural tannins are all compounds of carbon, hydrogen
and oxygen only. They all contain the benzene group of
carbon atoms, but their ultimate structure is, except in the
case of gallotannic acid, very imperfectly understood, and
probably differs considerably in type'in different members of
the family. They may be regarded as derivatives of the phenols

* Dr. Nierenstein (Collegium, 1905, p. 69) shows that Quebracho also contains

a tannin which yields resorcinol.
+ Journ. Chem. Soc. 1898, pp. 374, 665, 1016.



THE CHEMISTRY OF TANNINS, ETC. 105

(hydroxybenzenes) and their corresponding acids, of which a
general view is given in the following table :—

@95 C,H,01 C,H,(0H), C4H,(OH),

Pyrogallol (1: 2: 3).
Benzene. Phenol. Catechol (1 :2). Phloroglucol (1: 3:5).
Quinol (1 : 4). Hydroxyquinol
Resorcinol (1:3). (1R Iar)

CeH;CO.0H | C;H(OH)CO.OH|] CHyOH),CO.O0H ' CsH,(OH),CO.OH
‘ Gallic acid (3: 4 : 5).
Benzoic acid. | Salicylic acid (1 : 2).| Protocatechuic acid * | Pyrogallocarboxylic

2 Oxybenzoic acids, (and 5 other ‘ acid (2: 3: 4).
Meta- (1 :3). isomeric acids). Phloroglucocarboxylic
Para- (1:4). | acid (2 : 4: 6).

‘ 3 possible acids
! unknown.

The figures in brackets represent the relative position of the
O H groups round the benzene ring. In the acids the CO.OH
group counts as No. I.

It will be noticed that a large proportion of the formule
given above represent several isomeric compounds, identical in
composition, but frequently very distinct in their properties.
The explanation of these differences lies in the different relative
positions of the OH and CO.OH groups round the benzene
ring. Thus the following diagram represents the probable rela-
tive positions of the dihydroxybenzenes.

(Ortho-, 1 : 2). (Meta-, I : 3). (Para-, 1 :4).

OH OH OH
A AN\ 2

N N/
OH
Catechol. Resorcinol. Quinol.

Besides these six-carbon -phenols, others exist in which one
or more of the H-atoms are substituted by methyl or higher
hydrocarbon groups, as in the case of ordinary alcohols. Thus
the cresols are CgH,(CH;)OH, and yield acids (cresotinic),

* The dihydroxybenzenes yield six possible isomeric acids, two from ortho-, three
from meta-, and one from para-dioxybenzene, all of which are known.
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analogous to salicylic, which have been used as antiseptics and
chemical bates. The OH groups|may also be replaced by
methoxyl, OCHj,, ethoxyl, OC,H;, and other similar compounds.
As these higher phenols may enter into the constitution of
tannins, it will be seen that the possibilities of complication are
very great. Vanillic and isovanillic acids are the meta- and
para-methylprotocatechuic acids.

Miller,* who has investigated these acids, remarks: “ Of the
three phenols C4H,(OH),, catechol alone gives a precipitate
with lead acetate, and of the six acids, C¢H;(OH),CO. OH,
none yield precipitates with lead acetate except the two which
are derived from catechol.

Researches by Berthollet and Werner { on the heat evolved
by neutralisation with soda throw some light on the constitution
of these polyhydric phenols. Resorcinol and quinol yielded
about double the heat given by ordinary phenol, showing that
both their OH groups have a similar function to that of phenol.
Catechol, on the other hand, in which the groups occupy the
ortho-position, gave only the same heat as phenol, showing that
only one of its OH groups behaves like that of a phenol, while
the second has apparently alcoholic functions. In pyrogallol
and phloroglucol, two OH groups have phenolic and one an
alcoholic function. The authors suggested that pyrogallol has
its OH groups in the 1:2: 3 position, phloroglucol in the 1:2:4,
leaving the 1 :3:5 for the third isomeric phenol, not then dis-
covered. Later work has shown that phloroglucol has the
I1:3:5 position. Researches by A. Lambert } have shown that
polyhydric alcohols having a primary alcoholic function, as
glycerol, leevulose and dextrose, combine with boric acid to form
energetic conjugated acids much stronger than boric acid itself.
{See p. 75.) This reaction is given by pyrogallol, catechol and
alkaline gallates and tannates, but not by quinol or resorcinol.

All natural tannins, when heated to 180°~200° C., yield either
catechol or pyrogallol or both, together with secondary products
and frequently phloroglucol, and may be conveniently classified
as catechol and pyrogallol derivatives, as the two groups are
marked by considerable difference of character. Artificial pro-

* Journ. Chem. Soc. xli. 1882, p. 398.
t+ Compt. Rend,, c., p. 586 ; Chem. Soc. Abst., 1885, p. 628.
1 Op. cit., cviii., p. 1017 ; Chem. Soc. Abst., 1889, p. 864.
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ducts, having many of the reactions of tannins, have, however,
been obtained from other phenols, and most phenols and their
derived acids give purplish or greenish blacks with ferric salts.

Several classifications of the tannins have been suggested.
The division most obvious to the tanner is between those tannins
which yield ellagic acid as a whitish deposit in the surface of the
leather, called “bloom,” and those which do not. Stenhouse,
many years since, divided tannins into two classes, one of which
gives bluish, and the other greenish blacks with ferric salts. In
the main, both these classifications correspond to that just
suggested, as most tannins which yield a hlue-black with iron
acetate also give bloom to the leather, and the green-black is
generally characteristic of catechol derivatives, and the blue-black
of those of pyrogallol. In some cases, however, the difference of
tint is due to accidental impurities, or the presence of colouring
matters, and is largely dependent on the acid or alkaline condi-
tion of the solution, since even gallotannic acid will give a decided
green with strongly acid ferric chloride. The Australian mimosas
generally give a dull violet with iron salts,though they unquestion-
ably belong to the catechol class. Pure gallotannic acid yields no
bloom, because it contains no ellagic acid, though it is of course
the representative pyrogallol derivative, while ellagic acid, though
closely related to gallic acid, yields no pyrogallol on heating, and
belongs rather to the colouring matters (p. 140) than the tannins,
though it is a decomposition product of ellagitannic acid.

A reaction, which appears to be quite universal with catechol
tannins, is that when their dilute solutions are treated with
excess of bromine water, insoluble bromine derivatives are pro-
duced which cause turbidity or precipitates, while with pyrogallol
tannins only soluble derivatives are formed and the solution
remains clear., This was first pointed out by the present writer
in a paper read before the International Congress of Chemists
held at Chicago in 1893.* Nierensteint has shown that catechol
tannins give a precipitate with a dilute solution of diazobenzene
chloride (an insoluble azo-compound), while pyrogallol tannins
do not. Catechol tannins usually form crimson solutions in
concentrated sulphuric acid, while pyrogallic tannins give brown
or yellow.

* Journ. Soc. Ch. Ind., 1894, p. 488. t Collegium, 1906, p. 376.
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Trimble points out * that the tannins may be divided into
two groups, one of which contains about 52 per cent. of carbon,
and the other about 60 per cent. The first of these includes
gallotannic acid, and the allied tannins of sumach, chestnut and
pomegranate, all of which are known to be pyrogallol tannins ;
and the second the catechol tannins, among which must be
reckoned cutch, gambier, oak bark, mangrove, canaigre, etc.
A few of the analyses cited by Trimble are given below.

GrouUP I.—PYROGALLOL TANNINS.

]
_ Carbon. , Hydrogen. Oxygen.

Sumach tannin (Léwe) .. .. .. .. .. 52°42 3'56 |

Chestnut tannin (Nass) .. .. .. .. .. 52'07 | 3797

Chestnut bark tanpin .. .. .. .. .. . 52°42 l 467 |

Chestnut wood tannin o160 oo oo collll GBYnE | A% |

Pomegranate bark tannin (Culley) .. .. .. | 50°49 I 3°99 1

Gallotannic acid, C;;H,,0, .. .. .. .. 52°10 I 352 44°38
i

Grovup II.—CATECHOL TANNINS.

f

— ) l Carbon. 1Hydrogen.i Oxygen.

59'79t 508 |

Oak bark tannin (avg. 9 species) ]
Osk back tannin (EtH) oo o o0 o0 o ‘ P g ot Al
White oak bark tannin (Kraemer) | 59°65 | 4°65
Mangrove tannin.. .. .. .. .. . . : 59°76 469 '
Canaigre tannin .. a0 oo 2 : 58 10 5°33
Rhatany tannin (Ohmeyer) o <dd oo oo l 59° 20 4°72
Kino tannin (Bergholz) .| 5965 | 487
Catechu tannin (Lowe) . f 61°93 ‘ 480
Tormentil tannin (Rembold) .| 60°75 465 |
|

If tannins are boiled with dilute sulphuric or hydrochloric
acids, or allowed to ferment under the influence of pectose and
other natural ferments which are usually present in vegetable
tanning materials, a different series of decompositions takes
place. Many tannins yield glucose, or starch sugar, as one of

* ¢The Tannins,’ ii. p. 131.
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their products, or as that of closely associated impurities ; of
which more must be said later. Inaddition it will be found that
the catechol tannins invariably yield insoluble reddish-brown
bodies, which have been called phlobaphenes or ‘reds,” and
which seem often derived from the original tannins by loss of one
or more molecules of water, or, in other words, are anhydrides of
their respective tannic acids. The pyrogallol tannins, on the
other hand, yield gallic acid, or ellagic acid (the deposit forming
bloom), either alone or in mixture. It is possible that the so-
called “ellagitannic acid ” is merely a soluble glucoside of ellagic
acid, which exists ready formed in the plant, though it is more
probably a gallic acid derivative. Oak bark and valonia give
both bloom and insoluble reds, as well as traces of gallic acid.
It is quite possible that this is due to their containing a mixture
of catechol and pyrogallol tannins.

If the red anhydrides, which are produced from the catechol
tannins, or the tannins themselves, or their lead-salts, be fused
with caustic potash, or in many cases, if simply boiled with con-
centrated potash solution, they are broken up still further, and
from the fused mass, protocatechuic acid (which bears the same
relation to catechol that gallic acid does to pyrogallol) may
always be obtained. This is in many cases accompanied by
phloroglucol. Cutch, gambier, mimosa, quebracho, and many
other materials contain phloroglucide tannins. The tannins
which do not yield phloroglucol frequently give acetic acid and
other acids of the acetic series, along with protocatechuic acid,
and sometimes other products. The presence of phloroglucol
may often be detected without the necessity of a potash-fusion
by the reaction with deal shaving described on p. 152. If how-
ever, more than one of its hydroxyls are substituted or linked to
other groups, it does not react in the compound, though it may
be found among the products of decomposition.

The classification of tannins is as yet very incomplete, and
there are many of which the decomposition products have not
been examined. In order to make the information available for
further research, the characteristics and mode of recognition of
the different products will be given, and as simple a scheme as
possible of treatment of the tannin to be examined will be de-
scribed ; but the recognition of such products in a state of mixture
presents great practical difficulties, and the tanner will usually
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be compelled to confine his attention to simpler, though less
conclusive tests, based on the colour-reactions of the unpurified
infusions of tanning materials. Such tests will be described later
(p- 149 ¢t seq.).

Preparation and Purification of Tannins.—The great obstacle
to successful investigation of the tannins is the impossibility of
preparing them in a state of actual purity, as none of them can
be crystallised or volatilised, so that the use of appropriate sol-
vents, and fractional precipitation are almost the only means at
our disposal. A further difficulty lies in their very unstable
character, and in many cases it is impossible to be sure that the
supposed purified tannin is really identical with the original
substance, and not merely a product of its decomposition.

When, as is frequently the case, two or more tannins occur in
the same plant, it is often quite impossible completely to separate
them. Owing to their considerable differences in character, no
general method of purification can be given, but the following
processes will be found in many cases to give good results. For
the special methods adopted by different investigators, the
original memoirs must be consulted, references to many of which
will be found in the following pages.

The oldest method of separating tannins from other con-
stituents is that applied by Pelouze to the preparation of
commercial gallotannic acid from gall-nuts. The finely pulverised
material is placed in a percolator and exhausted with commercial
ether containing water and alcohol. The liquid separates, on
standing, into two layers, of which the lower contains most of the
tannin in a tolerably pure form, dissolved in water and alcohol
with a little ether, while the upper mainly ethereal layer contains
the gallic acid. Gall-nuts thus treated yield 35 to 40 per cent.
of tannin. If equal parts of ether and 9o per cent. alcohol are
used, a larger yield is obtained, but the liquid does not separate
into two layers, and it is questionable if the product is so pure.
For Chinese galls, washed ether acts better than ether-alcohol.
The tannin may be still further purified by dissolving in a
mixture of 1 part water with 2 of ether, when three layers are
formed, of which the lowest contains nearly pure tannin. Com-
mercial ether generally contains a considerable percentage of
alcohol.

These methods are applicable to the dried or highly con-

.
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centrated extracts of many tanning materials. Many tannins
may be separated from their strong aqueous solution in a state
of considerable purity by first agitating with ether to remove
gallic acid, and then saturating the aqueous solution with com-
mon salt, and shaking with acetic ether, which takes up the
tannin. The acetic ether is distilled off nearly to dryness, and
the last traces expelled by drying on the water-bath with small
repeated additions of ether, which expels the acetic ether and
leaves the tannin in a porous mass. Another method is to
extract with alcohol, evaporate to a small bulk at as low a tem-
perature as possible, and treat at once with a considerable
quantity of cold water to precipitate phlobaphenes which are
filtered off. The infusion is then precipitated with successive
small quantities of lead acetate; the first and last portions of
the precipitate are rejected as contaminated with colouring
matters and other impurities, while the middle fraction, after
rapid washing, is suspended in water and decomposed with sul-
phuretted hydrogen. The solution is filtered, and the excess of
SH, driven off by heat, and the aqueous portion is either evapor-
ated at a low temperature in a partial vacuum to a thin syrup,
and the drying completed over sulphuric acid in vacuo; or,
preferably, shaken out with acetic ether. Dr. Nierenstein and
the author have observed that in many cases treatment with SH,
appears to decompose or alter the tannin, and prefer to liberate
it with a quantity of dilute sulphuric acid insufficient to decom-
pose the whole of the lead salt. Compare also Schiff.

Prof. Trimble * has made use of acetone as a solvent for
the extraction of tannins with great advantage. The following
is the general method he adopted in his researches on the oak
tannins. The powdered bark was covered with acetone in a
percolator and allowed to macerate for 48 hours. It was then
percolated somewhat rapidly till 500 c.c. of percolate per kilo-
gram of bark was obtained, which was mostly sufficient for
exhaustion ; the acetone retained in the bark was displaced by
water, and the acetone recovered from the percolate by distilla-
tion on the water-bath, the last portions being removed under
reduced pressure. The dry residue was dissolved in a small
quantity of warm water, or of alcohol sp. gr. 0:973, filtered and
then diluted with water so long as anhydrides and colouring

* ¢The Tannins,” ii. p. 78. Philadelphia, 1894.
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matter were precipitated. The solution was again filtered, and
shaken out with successive portions of acetic ether. The acetic
ether solution was distilled off under reduced pressure, and the
tannin further purified by solution in water and shaking out
with acetic ether. The acetic ether was finally removed by
solution in ether-alcohol, which was distilled off under reduced
pressure, and the dry tannin digested with absolute ether to
remove traces of resin and other impurities. The resultant
tannins were pale coloured and perfectly soluble in water. In
the case of common oak bark (Q. »obur) it was necessary to
add salt before shaking with acetic ether, and in some cases
the lead method of purification was employed.

It is not always necessary to separate the tannin itself ina
state of purity, since much light can be thrown on its constitution
by investigation of its metallic salts or organic products. The
lead salts have been used both for ultimate analysis, and for
fusion with potash, and some experiments have been made in
the author’s laboratory in investigating the insoluble bromine-
derivatives of the catechol tannins, which are obtained in a state
of tolerable purity by precipitation of the dilute solutions with
bromine-water. Some insoluble diazo-compounds have also been
prepared, but without much result.

GENERAL METHODS OF EXAMINATION OF TANNINS.

Decomposition by Heat—The ordinary method is to distil
the tannin or dried extract in a small retort, and examine the
distillate for catechol and pyrogallol. Unless the heat be very
carefully regulated, much loss is caused by the destruction
of the catechol and pyrogallol with formation of metagallic
acid, etc., and their detection is greatly complicated by the
presence of secondary products. This difficulty is somewhat
lessened by passing a stream of carbon dioxide through the
retort, which carries the products quickly out of the heated
portion. A better method is to heat the tannin in glycerin.*
About 1 grm. of the sample is heated with 5 c.c. of pure glycerin
to 160° C., and the temperature slowly raised to 200°-210° C,, at
which it is maintained for twenty or thirty minutes. After

* Thorpe, Chem. Soc. Abst., 1881, p. 663.
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cooling about 20 c.c. of water is added, and the liquid is shaken
with an equal volume of ether, without previous filtration. As
the ether when shaken with the glycerin is apt to form a trouble-
some emulsion, Trimble* recommends shaking the glycerin solu-
tion with 20 c.c. of ether without previous dilution with water ;
or heating the dry tannin in 5 grm. of paraffin, which is removed
with petroleum ether and the residue taken up with water and
treated as above. The ethereal layer, which may contain pyro-
gallol and catechol, and possibly phloroglucol or other phenols
(cp. p. 109), is separated from the aqueous portion, evaporated to
dryness, and dissolved in 50 c.c. of water. The filtered solution
is divided into several portions and tested by the table on
p. 118. By these means it is easy to distinguish between catechol
and pyrogallol, and either may be detected in presence of a
small portion of the other; but if in nearly equal quantities
their recognition is difficult. Catechol may be derived from
catechin, etc., and pyrogallol from gallic acid, and it is therefore
necessary in some cases to remove these bodies from the tannin
before treatment by shaking its aqueous solution with ether,
Phloroglucol is produced from all the colouring matters of the
flavone group (p. 141) on fusion with potash (except fisetin which
yields resorcin), and in most cases together with protocatechuic
acid ; and these colouring matters are frequently associated with
the tannins, usually as glucosides. As a general rule, however,
catechins and catechol derivatives are only present in any quan-
tity with catechol tannins, and the same is true of gallic acid with
regard to pyrogallol.

Products of the Decomposition of Tannins by Heat.

Pyrogallol, CiH3(OH); (formerly called pyrogallic acid, but
really a phenol), has a bitter, but not sour taste, and feebly
reddens litmus; the addition of the smallest trace of alkali
gives it an alkaline reaction. It is somewhat poisonous, but less
so than some other phenols. It is soluble in less than three
parts of cold water, and still more freely in hot. It is also
soluble in alcohol, ether, acetone, ethyl acetate and glycerin, but
not inabsolute chloroform or petroleum spirit. It fusesat 132° C.
out of toldol, but ordinarily at 115° C,, and sublimes at about

210° C.
* ¢ The Tannins,’ i. p. 27.
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With pure ferrous sulphate it gives a white precipitate, which
redissolves to a fine blue liquid in presence of the least trace of
ferric salt. Mineral acids change this to red, and the blue tint
is restored by cautious neutralisation with ammonia, and is not
destroyed, but sometimes rendered greenish, by excess of acetic
and other organic acids. Any excess of ammonia produces an
amethyst-red, and acetic acid restores the blue. Ferric chloride
and other acid ferric salts produce a red coloration at once.
Pyrogallol solution is turned brown by traces of nitrous acid.
With lime-water it produces a beautiful but cvanescent purple,
rapidly turning brown. In presence of alkalies it absorbs oxygen
from the air with great avidity, turning orange, brown, and black ;°
and is therefore used as an oxygen-absorbent in gas analysis.
Pyrogallol does not precipitate gelatin. Its solution rapidly re-
duces permanganate, Fehling’s solution, and salts of gold, silver,*
mercury and platinum. It precipitates copper and lead acetates,
and with ammoniacal cupric sulphate it gives an intense purple
brown coloration,and, in common with gallic and gallotannic acids,
is coloured purple-red by iodine in either aqueous or alcoholic
solutions. Gum arabic, saliva, and various other organic matters
cause solutions of pyrogallol expo-ed to the air to absorb oxygen,
forming purpurogallin, which separates in small yellow or
orange-red needles. If 02 per cent. of pyrogallol be added to
a 1 per cent. solution of gum arabic, it becomes ycllow in a few
hours, and purpurogallin separates in hair-like crystals, which
continue to increase for some months. If these crystals are
freed from pyrogallol by washing with water, and a trace of
alkali is added, they dissolve in absence of oxygen to an orange-
red solution, which rapidly oxidises to an intense blue
colour, and finally to a brownish yellow. Purpurogallin is also
formed by oxidation with silver nitrate, potash permanganate
and ferricyanide, nitrous acid, and many other reagents. Potas-
sium nitrite, and probably nitrous acid is also capable of pro-
ducing purpurogallin from gallic acid, and it is very possible that
the colour-reaction of pyrogallol-tannins described on p. 162 may
be due to its formation. A. G. Perkin and Stevens,} and A. G.
Perkin and F. M. Perkin,} have lately investigated and described

* Hence its use as a ““ developer ” in photography.
t Journ. Chem. Soc., 1903, Ixxxiii. p. 194.  °
t Op. cit., 1904, Ixxxv. p. 243.
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this substance very fully, and have devised a method of preparing
it in considerable quantities by electrolytic oxidation of pyro-
gallol. Tt appears to be a naphthalene derivative. Pyrogallol
forms compounds with aldehydes; with formaldehyde, a body
which reacts like a tannin and precipitates gelatin is produced.
If pyrogallol be heated with hydrochloric acid and aldehyde,
chloral or acetone, a red substance is produced. The less
volatile portions of crude beech-tar creasote contain ethers of
pyrogallol, methyl-pyrogallol and propyl-pyrogallol, and of the
corresponding catechol derivatives, from which these bodies may
be obtained by the action of hydrochloric acid under pressure.
The methyl and propyl derivatives differ from the original
phenols in having one or more atoms of hydrogen replaced by
the groups CH; or C;H, respectively ; and it is very possible
that some tannins are derived from them. Tribrom- and tri-
chlor-pyrogallols are formed by the action of bromine or chlorine
on pyrogallol.

If pyrogallol be heated rapidly to 250° C. it parts with the
elements of water, and is converted into metagallic acid, C4H,O,,
a black amorphous body, insoluble in water, soluble in alkalies.
When pyrogallol is made in the ordinary way, by heating gallic
or tannic acid to 210° C, much metagallic acid is formed, even
if the process be conducted in a stream of carbonic acid, and the
yield of pyrogallol usually amounts to only about 5 per cent. of
the gallic acid employed (see p. 120).

On boiling pyrogallol with hydric potassic carbonate, pyro-
gallo-carboxylic acid is produced, which only differs from gallic
acid in the position of its CO.OH group (p. 119), and like it is
resolved into pyrogallol and CO, on heating.

Phlorogiucol (Phlorogiucin), 1:3:5 Ce¢HgO,, is a trihydric
phenol, isomeric with pyrogallol. It crystallises with two mole-
cules of water, which it loses at 100° C. It melts at about 220°
C., sublimes without- odour, and solidifies again on cooling. It
is soluble in water, alcohol, and ether, and by agitation with the
latter it may be removed from its aqueous solution. It is not
precipitated by any metallic salt but basic lead acetate. When
pure it gives no reaction with ferric salts. If bromine be added
to its concentrated solution in water, it absorbs three atoms,
forming tribromophloroglucol, C¢Brg(OH),, which separates in
crystalline needles, with evolution of heat and a very irritating

2
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odour. In dilute solution it gives a bulky white precipitate with
bromine water. If deal shaving be moistened with solution of
phloroglucol, and then with strong hydrochloric acid, it soon
takes a deep violet colour, from the formation of phloroglucol-
vanillein with the trace of vanillin contained in all coniferous
woods.  Neither catechol nor pyrogallol gives this reaction when
free from phloroglucol ; though Etti has stated that pyrogallol
forms a somewhat similar bluish compound when mixed with
vanillin and hydrochloric acid. Resorcinol gives a similar
reaction but of a much bluer shade, but this may be due to the
presence of phloroglucol as an impurity. Nierenstein, however,
obtained the reaction from resorcinol, purified with extreme care.*
This reaction may be used to detect phloroglucide tannins without
the troublesome fusion with potash, and is strongly given by
gambier and cutch, and more faintly by many other tanning
materials (see pp. 157-167, ef seg). Many colouring matters,
however, such as quercetin (p. 142), and possibly some tannins,
yield phloroglucol on fusion with potash, but contain the phloro-
glucol nucleus in such a form that it does not react with vanillin.
For the reasons given, the results must be accepted with some
reserve. If to a dilute solution of phloroglucol a solution of
aniline or toluidine nitrate be added, and then a trace of potassic
nitrite, the liquid gradually becomes yellow or orange, then
turbid, and finally deposits a cinnabar-red precipitate. This
reaction is given by many tanning materials, but is somewhat
unsatisfactory, as gall tannin, pyrogallol and other substances give
similar but browner precipitates.

Phloroglucol is more commonly obtained by fusion with
potash than by direct heating, but as it may occur in the pro-
ducts of dry distillation, it is described here, together with the
other polyhydric phenols.

Catechol (Pyrocatechin), 1 : 2 CgH(OH),, is not only produced
by the decomposition of certain tannins by heat (see p. 113), but
by the dry distillation of protocatechuic and 1 : 3 : 4 dioxybenzoic
acids, and of catechin and some colouring matters which contain
the catechol groups, and which frequently accompany the tannins.
It is also formed together with pyrogallol and its homologues
{see above) by the dry distillation of wood, wood-tar creasote
consisting largely of ethers of catechol and‘-its homologues

* Collegium, 1906, p. 14.
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methyl- and propyl-catechol, etc, and is hence found in crude
pyroligneous acid, and causes the greenish-black colour of “iron-
liquor.” It has also been produced by long continued heating of
starch, cellulose and other carbohydrates with water under pres-
sure, and is found ready formed in Virginia-creeper (dmpelopsis
hederacea), and probably in other plants. It has also been
formed synthetically by fusion of the 1:2 chlor- and brom-
phenols, and by fusion of 1:2 benzenedisulphuric and phenol-
sulphuric acids with potash.

Catechol melts at 104° C., and sublimes at about the same
temperature, condensing in brilliant laminee like benzoic acid.
Its actual boiling point is 245° C. (Richter). It is readily soluble
in water, alcohol and ether, and is extracted from its aqueous
solution when shaken with the latter. Its aqueous solution
precipitates lead acetate, by which it is distinguished from
resorcinol and quinol. It does not precipitate gelatin or alkaloids.
Its slightly alkaline solution exposed to air becomes first green,
then blue and black. With excess of lime-water or caustic soda
solution it becomes reddish, but remains clear for some time. It
does not colour ferrous salts, but gives a dark green with ferric
(avoiding excess) and after some time a black precipitate. The
green is changed to a fine violet-red by alkalies and hydric sodic
carbonate, and restored by acids. Ithas been stated that it gives
a violet coloration to fir wood moistened with hydrochloric acid,
but this is due to contamination with phloroglucol, and is not
given by pure catechol. Catechol gives a red coloration with
citric acid, and the solution, after standing, ceases to react with
iron. Like pyrogallol, it reduces silver salts in the cold, and has
been used as a developer in photography. Alkaline copper
solutions (Fehling’s solution) are only reduced by the aid of
heat.

Resorcinol (Resorcin), 1: 3 C¢H,(OH),, though not common
as a constituent of tannins, is stated by Dr. Nierenstein to be
present in quebracho tannin, together with quinol (p. 104), and it is
quite possible, therefore, that both may be present in other tannins.
It meltsat 118° C,, volatilises at a somewhat higher temperature,
and boils at 276° C. (Richter). It is easily soluble in water,
alcohol, and ether, and may be removed from its aqueous solution
by shaking with the latter. It is known to be a product of the dry
distillation of brazil-wood extract. It is obtained synthetically
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from the meta- (1:3) benzene and phenol compounds in
the same way as catechol from the ortho- (1: 2) derivatives.
Commercially it is prepared from meta-benzenedisulphuric acid,
and is important in the preparation of many artificial colouring
matters. Lacmoid, used as an indicator, is produced by heating
resorcinol with sodium nitrite ; resazurin by the action of nitrous
acid on its ethereal solution. It is possible that one or other of
these reactions might be used as a means of identification. Re-
sazurin crystallises in lustrous green prisms and dissolves in
alkalies to a violet solution with brown fluorescence. Resorcinol
is not precipitated by lead acetate.

Quinol (Hydrogquinone), 1 : 4 C¢H(OH),, melting point 169° C.,
soluble in water, alcohol, and ether. It is precipitated by lead
acetate in presence of ammonia only. It reduces silver in alka-
line solution, and is used as a photographic developer. It has
two crystalline forms, subliming in monoclinic scales, and crystal-
lising from solutions in hexagonal prisms.

DISTINCTION. BETWEEN PYROGALLOL, CATECHOL AND PHLOROGLUCOL.
I PER CENT. SOLUTIONS.

| |

Reagent. Pyrogallol. Catechol. Phloroglucol.

Ferric alum .. .. Blue-black, turning Dark green. No reaction.
green and brown.

Lime-water .. .. Violet coloration,  Nomarked reaction. No marked reaction.
rapidly  turning
brown.

Deal shaving and No colour. No colour. Violet-red coloration

HCI | |
Bromine-water .. No precipitate. No precipitate. Bulky white precipi-
tate.

| | |

Decomposition of Tannins by Dilute Acids—It has been
stated that tannins, when heated with dilute sulphuric or hydro-
chloric acids, are decomposed, yielding either gallic or ellagic
acids or red anhydrides, and frequently glucose. To determine
whether glucose is produced, the tannin must first be carefully
purified from glucose, gums or other bodies likely to interfere,
by the methods mentioned on p. 110. Either the tannin itself
or its washed lead-salt may be used, and must be heated to 100°
C. for an hour or more in a sealed tube or tightly closed bottle
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or boiled in a flask with reflux condenser, with dilute hydrochloric
acid (2 per cent. HCl). Complete decomposition is, however,
somewhat difficult. After cooling, the mixture must be allowed
to stand for some time to separate any sparingly soluble products,
which must be filtered off. The filtrate must be shaken with
ether to remove gallic acid, etc. (p. 120), the aqueous solution
must be boiled, neutralised with sodic hydrate, precipitated with
basic lead acetate to remove any traces of tannin or colouring
matters, the liquid again filtered, and excess of lead removed
with dilute sulphuric acid, excess of acid and all elevation of
temperature being carefully avoided. The mixture is neutralised
with sodic hydrate, and the clear filtrate heated to boiling, with
Fehling’s copper solution, when a red precipitate of cuprous oxide
proves the formation of glucose. (Cp. also p. 270.)

The precipitate separating from the hydrochloric acid solu-
tion on cooling may consist of lead chloride, if the lead salt has
been used, of ellagic acid, or of insoluble red anhydrides or phlo-
baphenes of the tannin. The lead chloride may be removed
by washing with boiling water ; and the phlobaphenes by cold
alcohol, which leaves them on evaporation, or én dilution with
water. If the remaining precipitate has a pale yellow or fawn
colour it probably consists of ellagic acid (see p. 121), which may
be crystallised from hot alcohol or pyridine. It is soluble in
ammonia and reprecipitated by acids, and dissotves freely in
strong nitric acid, forming a crimson or deep yell'ovir liquid.

The ethereal solution which contains the gallic acid, if any
has been formed, must be evaporated to dryness, and the residue
taken up with cold water and filtered. Addition of a few drops
of solution of potassium cyanide will produce a fine red colora-
tion if gallic acid be present, which rapidly fades, but is restored
by shaking in presence of air. The sodium arsenate test is also
a delicate one. For this and other reactions of gallic acid sec
Pi 120}

Products of the Decomposition of Tannins by Acids.

Gallic Acid (Trikydroxybenzoic Acid), 1 : 3: 4 : 5 CsHy(HO),
CO.OH, exists ready formed in some plants, and is a product of
the hydrolysis of gallotannic acid under the influence of the un-
organised ferment pectase, or of its decomposition by boiling
with acids or alkalies. It crystallises in white or yellowish-white
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needles, containing I mol. (9*5 per cent.) of water, which it loses
at 100° C. It is soluble in 100 parts of cold, or 3 of boiling water,
in alcohol or glycerin, and slightly so in ether, by agitation with
which it may, however, be removed from its aqueous solution.
Gallic acid fuses at a temperature of about 232° C.,* but at about
210° C. begins to lose carbon dioxide, and yields a crystalline
sublimate of pyrogallol (see p. 113). If the heat be raised sud-
denly to 250° C. a considerable quantity of black shining
metagallic acid is formed.

When gallic acid is heated with concentrated sulphuric acid
to 140° C. dark red rufigallic acid is formed, and is precipitated on
dilution with water. Rufigallic acid is a hexaoxyanthraquinone
related to alizarine. It forms a blue solution with aikalies, and
dyes brown on chrome mordants. A. J. Perkin t has employed
this reaction as a means of identifying gallic acid, and it is
strongly recommenced for this purpose by Nierenstein.

Aqueous solution of gallic acid gives the following reac-
tions :—Solution of ferric chloride gives a deep blue coloration
which is destroyed by boiling. Ferrous sulphate, if free from
ferric salts, gives no reaction in dilute solutions, but a white
precipitate in strong ones. The mixture rapidly darkens by
oxidation. In alkaline solution gallic acid absorbs oxygen from
the air and darkens from the formation of galloflavin, and after-
wards of tannomelanic acid. Lime-water produces a white
precipitate which rapidly becomes blue from oxidation (distinc-
tion from pyrogallol). The same reaction is produced by
baryta-water, or by the chlorides of barium or calcium on addition
of ammonia. Gallic acid is distinguished from gallotannic acid
by the following :—It does not precipitate gelatin, except in the
presence of gum. Itdoes not precipitate tartar emetic in presence
of ammonic chloride, though both tannin and gallic acid are
precipitated by tartar emetic alone. It precipitates lead acetate,
but not lead nitrate, while tannin precipitates both. A dilute
solution of potassium cyanide gives a red.coloration which dis-
appears on standing, but is restored by shaking with air. If to
even a very dilute solution of gallic acid, sodic arsenate, or some
other faintly alkaline salts be added, the mixture absorbs oxygen
and becomes a deep green. Aqueous solution of picric acid to

* Etti, Chem. Soc. Abst., 1879, p. 160. '~
+ Proc. Chem. Soc., 1896, p. 157.
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which excess of ammonia has previously been added gives a red
coloration, changing to green. Tannic and pyrogallic acids
produce no reaction with cyanide, and with ammonium picrate a
reddish coloration only. Gallic acid reduces silver nitrate and
gold chloride rapidly when hot, but not Fehling’s solution, and
decolorises acidified potassic permanganate. If tannin and
other oxidisable bodies be removed from its solution, it may be
estimated quantitatively by titration with permanganate in
presence of indigo (see p. 224). Tannin may be separated from
it by gelatin or hide power (see pp. 208, 224) but much gallic
acid is also absorbed. Gallotannic and quercitannic acids may
also be removed by precipitation with ammoniacal solution of
cupric sulphate, or by cupric acetate, in presence of excess of
ammonic carbonate (see also p. 171). Many other tannins, how-
ever, give precipitates with cupric salts which are soluble in
ammonia and ammonic carbonate.

Gallotannic acid may also be separated from gallic acid by
lead acetate strongly acidified with acetic acid, by which tannic
acid is precipitated, while lead gallate is dissolved ; and by
many organic bases, such as cinchonidine, brucine, morphia, and
many of the basic colouring matters ; but none of these separations.
are very satisfactory. Strychnine, however, precipitates gallo-
tannic acid quantitatively (see p. 169).

Ellagic Acid C,H¢Os, is a decomposition product of ellagi-
tannic acid (p. 109), and may be obtained from the tanning
materials which contain this tannin. It is deposited from
aqueous infusions of these as a yellowish white solid, known as.
“bloom.” It may be prepared by pouring a hot concentrated
alcoholic extract of divi-divi into water, when it separates, and
may be filtered off and re-crystallised.

It may also be obtained by beiling divi-divi, myrobalans,
pomegranate rind, etc., with dilute hydrochloric acid, and ex-
tracting the washed and dried insoluble residue with hot alcohol,
from which it crystallises on cooling. Another convenient source
of ellagic acid is the “Alizarine yellow in paste” of Messrs.
Meister, Lucius and Briining, which after drying may be readily
purified by crystallisation from pyridine. Lowe * was the first
to prepare ellagic acid synthetically by oxidising gallic acid with
arsenic acid, and this was subsequently accomplished by Ernst

* Zeitschrift fiir Chemie, 1868, iv. p. 603.
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and Zwenger* by heating the acid ethyl gallate with sodium
carbonate solution in the presence of air, and by Griessmeyer t
by heating gallic acid with water and iodine. The best method,
however, for its synthetical preparation is one due to A. G.
Perkin,} who oxidises a 10 per cent. solution of gallic acid in
acetic acid with potassium persulphate and a little sulphuric
acid. When the reaction is complete, the mixture is poured into
water, and the resulting sandy precipitate is collected, washed,
dried, and purified by crystallising from boiling pyridine, in
which it dissolves somewhat readily. The prismatic needles
eventually obtained are a pyridine salt of ellagic acid, most of
the pyridine being removed by washing with alcohol and the
final traces by drying at 160° C.

Thus obtained, it forms a crystalline powder, melting above
360° C., soluble in dilute caustic alkaline solutions with a pale
yellow colour. It is itself very pale yellow, and is almost
insoluble even in boiling water, and only slightly so in cold
alcohol and ether, though by agitation with the latter, small
quantities may be completely removed from aqueous solution.
In hot alcohol, it dissolves with a yellow colour and crystallises
on cooling. Solid ellagic acid gives with ferric chloride at first
a greenish, and then a black coloration. With nitric acid con-
taining nitrous acid, and subsequent dilution, it gives a deep
crimson coloration (Griessmeyer’s reaction), though that obtained
from some natural sources is rather orange.

A constitutional formula was first suggested by Schiff,§
afterwards by Graebe,| and it was finally proved by A. G.
Perkin J to be a double lactone of a hexa-hydroxydiphenyl di-
carboxylic acid. The formula is as follows :—

0.CO
o/ N

N M g
<CO . O/ OH

It will be noticed that the formula is symmetrical, and the
formation by the oxidation of gallic acid is readily understood.

* Annalen, 1871, clix. p. 32. t+ Annalen, 1871, clx. p. 55.
1 Journ. Chem. Soc., 1905, Ixxxvii. p. 1412. § Ber., 1879, xii. 1534.
| Ber., 1903, xxxvi. 212. € Journ. Chem. Soc., 1905, lxxxvii. 1412.



THE CHEMISTRY OF TANNINS, ETC. 123

It forms a tetra-acetyl compound (m.p. 343-346° C.) and a tetra-
benzoyl compound (m.p. 332-333° C.), and on distillation with
zinc dust yields fluorene
CH,
CBHié = \CBH4

On boiling with concentrated caustic potash, one lactone group
is opened, and the carboxyl group eliminated, yielding on neutra-
lisation and dilution pentahydroxydiphenylmethylolid.

OH OH =
xS G o

CO O/ -OH

This compound melts above 300° C., and yields penta-acetyl
and penta-benzoyl derivatives, and fluorene on distillation with
zinc dust. On fusing ellagic acid with alkalies, the reaction is
carried a stage further, and the other lactone group similarly
attacked, the final product being hexa-hydroxydiphenyl.

OH OH
0H< o > < \OH

OoH OH

When heated at 230° C. with 100 per cent. sulphuric acid,
ellagic acid is oxidised to form a new compound* C,,;H¢O,,, which
crystallises from pyridine and is soluble in strong alkalies with a
greenish yellow tint changing to blue on dilution. This compound
gives a hexa-acetyl derivative. Flavellagic acid also yields this
compound.

Ellagic acid is a feeble colouring matter, dyeing yellows with
tin and alumina mordants, and various duller shades with
chromium and iron mordants.

Catellagic Acid C,;H¢Oq was obtained by Schiff{ on heating
protocatechuic acid with arsenic acid, and recently by Perkin,}
by the oxidation of protocatechuic acid in sulphuric acid solution
with. potassium persulphate, and was purified by crystallisation

* Proc, Chem. Soc., xxii. 308, p. 114. t Ber., 1882, xv. p. 2590.
1 Journ. Chem. Soc., 1905, Ixxxvii. p. 1418,
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in pyridine as with ellagic acid, which it very strongly resembles
in its properties.

It is a pale yellow crystalline powder, melting above 360° C.,
subliming much more readily at higher temperatures than ellagic
acid. It dissolves in concentrated nitric acid, forming a magenta
coloured liquid, which on standing changes to a dull brown, and
from which on dilution with water, a yellow crystalline precipitate,
probably a nitro-compound, is deposited. Caustic alkalies
dissolve it with a pale yellow colour, which is discharged on
warming. Its constitution is as féllows :—

OEI__,/O d CO\
A ER
L %/ NS

(0
C0.0/

=N

A diacetyl derivative is easily prepared (m.p. 322-324° C.),
and fluorene obtained on distillation with zinc dust. It does not
dye mordanted calico.

Catellagic acid is also formed by the persulphate oxidation
of para-hydroxybenzoic acid in sulphuric acid solution, another
hydroxyl group being first introduced forming protocatechuic
acid, and the diphenyl condensation afterwards taking place.

Another compound is also formed in this reaction, by the
diphenyl condensation of para-hydroxybenzoic acid and proto-
catechuic acid. It has the constitution :

o /o.co\
< By
) ey

. COOH H

This compound does not melt below 360° C. and does not
sublime. It is very readily soluble in pyridine, yields a diacetyl
compound (m.p. 267—268° C.), and also fluorene on distillation
with zinc dust. It dissolves with bicarbonates of sodium and
potassium, and in hot potassium acetate, and forms salts. Nitric
acid gradually attacks it, and yields an orange red liquid. It
does not dye mordanted calico.

Metellagic acid C,,H¢O5 was prepared by. Perkin* by the

* Journ. Chem. Soc., 1905, Ixxxvii. p. 1426.
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persulphate oxidation of meta-hydroxybenzoic acid in sulphuric
acid solution. It is isolated from the mixture of products so
obtained by the repeated re-crystallisation of its acetyl derivative
and subsequent hydrolysis. Its constitution is as follows :—

0.CO

BV T
O
\C0.0

It resembles catellagic acid in that at high temperatures, it
sublimes readily in the form of needles. It is soluble in pyridine
and deposits long prismatic needles therefrom. Sulphuric acid
dissolves it with a pale yellow colour, and nitric acid on gentle
warming with an orange yellow tint, and on diluting this solution
with water, a yellow precipitate, probably a nitro compound, is
deposited. With caustic alkali solutions, it behaves like catellagic
acid, and fluorene is obtained on distillation with zinc dust. It
forms a crystalline mono-acetyl derivative, melting at 273-276° C,,
and does not dye mordanted calico.

Flavellagic Acid (hydroxyellagic acid) C;,H¢O, was obtained
by Perkin* by the persulphate oxidation of gallic acid in the
presence of dilute sulphuric acid. If 96 per cent. sulphuric acid
be used, ellagic acid is produced also. It is purified by crystal-
lisation from pyridine, in which it is less soluble than ellagic acid
Its constitution is shown thus :—

0. cCo

oi / B\
ol

i

Small, pale yellow, prismatic needles are obtained from
pyridine, which latter is removed, as with ellagic acid. The pure
compound does not melt below 360° C., and is insoluble in the
usual solvents. It is more yellow than ellagic acid, and its solu-
tion in dilute alkalies has a well-marked green tint. It gives
the Griessmeyer reaction with nitric acid, and fluorene by dis-
tillation with zinc dust. It dyes mordanted woollen cloth in
shades resembling, but stronger than, those produced by ellagic

* Journ. Chem. Soc., 1906, Ixxxix. p. 25I.
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acid. It yields a sparingly soluble penta-acetyl compound (m.p.
317°-319° C, and a penta-benzoyl compound (m.p. 287°-289° C.)

On boiling with 50 per cent. caustic potash, a reaction similar
to that with ellagic acid occurs, one lactone group being opened,
the carboxyl eliminated, and hexa-hydroxydiphenylmethylolid
obtained.

OH OH
OH{

# N R
> Don
OH \¢o. o/ OH

This compound melts above 300° C., dissolves readily in
pyridine, from which it cannot easily be crystallised. Caustic
alkalies dissolve it with a dull orange-yellow tint, which on dilu-
tion and exposure to air, becomes bluish violet. Alcoholic lead
acetate gives an orange-yellow precipitate which rapidly passes
into olive green, and alcoholic ferric chloride a bluish green
colour. Its solution in sulphuric acid is orange-yellow. Nitric
acid dissolves it avith an orange colour which becomes redder on
dilution, but is'devoid of the blood-red tint of the Griessmeyer
reaction. It dyes mordanted calico and woollen cloth. The
hexa-acety! compound melts at 232-234° C., and the hexa-benzoyl
compound at 261-263° C.

A somewhat full account of the ellagic group has been given
(and perhaps out of proportion to its direct interest to the tanner),
because, owing to the researches of Perkin, its constitution is now
fully cleared up, and will probably serve as a starting point for
further work elucidating the structure of the tannins themselves.

The plhlobaphenes or reds are chemically the anhydrides of
certain tannic acids from which they are derived, or in other
words they are formed from the tannins by the loss of one or
more molecules of water. It is in this way that they are pro-
duced by the action of acids; and similarly they are often
formed when alcoholic or highly concentrated aqueous extracts
are poured into cold water, under which circumstances a part
of the tannin seems unable to take up water again,and separates
as a red precipitate. It is also possible that in some cases
oxidation as well as dehydration takes place. Freezing also
seems to have a dehydrating effect. Most solutions of catechol
tannins are decomposed by long-continued boiling or heating
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under pressure, with formation of reds; which also exist ready
formed in most tanning materials capable of producing them.
They are soluble in alcohol, by which they may be extracted
from tanning materials or dried residues containing them.
They are also dissolved by dilute alkalies and alkaline carbon-
ates and sulphites, and by borax, which is said to be used in the
preparation of some extracts, and was tried by Sadlon as a
means of rendering phlobaphenes available for tanning, but
without much practical success. More successful results have
been. obtained by Lepetit Dollfus and Gansser’s* process of
heating with bisulphites under pressure, which give up base to
the phlobaphenes, while the sulphurous acid prevents oxidation,
and apparently to some extent combines with the tannins.
Many phlobaphenes are scarcely soluble in water even at a boiling
temperature, though they become more so in the presence of
sugar, tannic acid, and some other substances. Their solubility
in water depends on their degree of hydration, many tannins
giving a series of anhydrides, of which those containing only one
molecule of water less than the original tannin are quite soluble in
water, while the higher members of the series become less and less
soluble as they lose water. Those which are soluble form the
principal colouring substances of tanuing materials, and generally
are practically tannins, precipitating gelatin and combining with
hide to form leather. Hemlock bark yields a series of such
bodies, of which the lower members are deep red soluble tannins,
while the higher form the red sediment, so well known to extract-
tanners. Thusit is chemically impossible to decolorise hemlock
extract without at the same time greatly lessening its tanning
power, though by careful manufacturing and concentration at low
temperature, the proportion of the higher anhydrides formed
may be kept at a minimum. In many cases it is known, as in
gambier, and in others it is probable that the tannin itself is
merely the first anhydride of the series, and derived from a
catechin which itself is a white crystalline body destitute of
tanning properties (see p. 137). The more soluble “reds” are
identical with the so-called “ difficultly soluble tannins.”
Decomposttion of the Phlobaphenes by Fusion with Caustic
Alkalies—It has been mentioned (p. 116) that the reds of different
tannins yielded, in addition to protocatechuic acid, either phloro-

* E. P. No. 8582, 1896. Journ. Chem. Soc. Abst., 1896, p. 436.
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glucol, or acetic acid, or some other member of the fatty acid
series, and some tannins, as those of alder and hop, give more
than one of these, but it is possible that this may arise from the
presence of two distinct tannins in these materials. It is stated
that all those tannins which yield acetic acid on fusion with
potash, also yield considerable quantities of glucose to dilute
acids, while the phloroglucide tannins do not do so. It is stated
by Barth and Schroder * that a small quantity of phloroglucol
is produced by the fusion of gallic acid, resorcinol and common
phenol with caustic soda. It is therefore possible that in some
cases where phloroglucol is detected, it may have been formed
by the action of the alkali, and not have been originally a con-
stituent of the tannin. Note also its formation from the flavones
{p. 141).

The following method may be employed to investigate the pro-
ducts of the action of potash. 20 grm. of the red, or of the tannin
from which it is derived, or its lead salt, is boiled with 150 c.c.
of solution of caustic potash of 120 sp. gr. for three hours, and
the liquid is then concentrated with constant stirring till it
becomes pasty. In many cases the tannin is sufficiently broken
up by mere boiling with the potash solution, and occasionally
products are obtained in this way which are broken up by
actual fusion. The melt or solution is cooled and treated witha
volume of dilute sulphuric acid slightly more than enough to
neutralise the alkali employed. After further cooling it is
filtered from potassium sulphate and other solid matters, and the
filtrate treated with sodium bicarbonate till its wine-red reaction
with litmus shows that the sulphuric acid is neutralised. The
liquid is then shaken with an equal measure of ether, the
ethereal layer drawn off, and the treatment repeated several
times. On distilling off the ether, phloroglucol is left and may
be purified by solution in water, when protocatechuic acid and
other products may be precipitated by neutral lead acetate, and
filtered off, and the phloroglucol again extracted with ether, and
recognised by its reaction with deal-shaving and hydrochloric
acid and by its sweet taste.f Other tests for phloroglucol have
been already described on p. 118. It is quite possible that
phloroglucol may exist in the tannin in some cases at least as

* Journ. Chem. Soc. Abst, 1883, p. 6. s
+ Compare Allen, Commercial Organic Analysis, iii. 1, p. 86.



THE CHEMISTRY OF TANNINS, ETC. 129

phloroglucol-carboxylic acid, which is isomeric with gallic acid,
but is much less stable than protocatechuic acid, and would be
broken up by fusion with potash. It has also been shown that
in many organic colouring matters a benzene ring linked to other
groups in the meta-position breaks up into phloroglucol on fusion,
though it does not give the reaction with deal-shaving in its
original combination (p. 113).

Protocatechuic Acid, 1 :3:4 C4H3(OH),CO . OH, one of the
six isomeric dihydroxybenzoic acids of this formula (see p. 105),
crystallises in needles and plates with one molecule of water,
which it loses at 100° C. The water-free acid melts at 199° C,,
and is decomposed into catechol and carbonic acid. It is some-
what soluble in cold water, and readily so in hot water, alcohol,
or ether. It is coloured bluish-green by ferric chloride and ferric
alum, and the colour is changed first to blue and then to red by
very dilute alkalies. Many other catechol derivatives react
similarly. Solutions of protocatechuates give a violet coloration
with ferrous salts. It is precipitated by lead acetate, and re-
duces silver ammonio-nitrate, but not Fehling’s solution. With
bromine-water it gives soluble bromine-derivatives, Boiled with
dilute arsenic acid, it forms di-protocatechuic acid, C,4H;,0,*,
a tannin very similar in its properties to gallotannic (digallic)
acid (p. 130), but giving green-blacks with ferric salts.

Protocatechuic acid is formed by fusion with potash of many
tri-derivatives of benzene which have substituted groups in the
3:4 positions, and therefore does not necessarily exist ready
formed in all bodies which yield it. Many colouring matters
and resins also yield it on fusion with potash or soda.

Catechol-ortho-carboxylic Acid, 1 : 2 : 3 C¢H4(OH),CO . OH 4
20H,, is extremely similar to protocatechuic acid, and like it,
yields catechol and CO, on heating to 169° C. It is formed
synthetically, and is not known to occur in natural tannins,

Vanillic and Iso-vanillic Acids are derivatives of protocatechuic
acid, in which a methoxyl group substitutes one hydroxyl, the
three in vanillic, and the four in isovanillic acid. Tney may
occur among the products of the fusion of tanning and colouring
matters with potash. Vanillic acid meltsand sublimesat 211°C.;
iso-vanillic at 250° C.

The resorcylic acids are acids of resorcinol isomeric with those

* Schiff, D. Chem. Ges. Ber., 1882, xv. p. 2589.
K
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of catechol. Dr. Nierenstein states that resorcinol is one of the
products of fusion of quebracho-tannin with potash.* Similar
acids are also derived from quinol, and it is possible that both
resorcinol and quinol tannins may exist.

CONSTITUTION OF TANNINS.

Having described the products of decomposition of tannins,
something must be said of the way in which these constituents
are combined. Our knowledge is, however, very limited on this
subject, and cannot be said to be by any means certain, even
on the constitution of gallotannic acid itself.

Gallotannic or Digallic Acid exists as the principal tannic acid
of the galls of oak, tamarisk, etc.; and, in mixture with more or
less ellagitannic acid, in myrobalans, divi-divi, sumach, pome-
granate rind, and many other plant-products. It probably exists
in the plants originally as a glucoside, or at least as a carbo-
hydrate compound which yields glucose and gallotannic acid on
hydrolysis. It was first apparently synthesised by Léwe in
1867, by the action of argentic nitrate on barium gallate.t Schiff
attempted a synthesis from gallic acid, in 1871,} by mixing the
latter, after drying at 110° C., with phosphorus oxychloride to a
thin paste, and heating, first to 100°C. and then to 120°C. Much
hydrochloric acid was evolved and the gallic acid was converted
into a yellow powder, which, after purification by washing with
absolute ether, dissolving in water, allowing the gallic acid to
crystallise out, saturating with salt, washing the precipitated
tannin in salt solution, and redissolving in alcohol and ether, had
all the reactions of gall tannin, but was perfectly reconverted
into gallic acid on boiling with hydrochloric acid, without the
formation of any trace of ellagic acid, or glucose. By analysis
of the tannin and its acetyl compounds it appeared to be di-
gallic acid, but the precise mode of condensation is yet very
uncertain, and it is doubtful whether natural tannin is identical
with the synthetic ; and doubts have recently been thrown on the
reality of the synthesis.

* Collegium, 1905, p. 69. t J. Prak, Ch,, cii. p. 111
t Ber. D. Ch. Ges,, iv. p. 231.



THE CHEMISTRY OF TANNINS, ETC. 131

Schiff suggested the following formula :—

CO.OH
OH
OH

co}
CO
il 10H

CeH,

CiH;0, =

OH
OH

B. Hunt * believed he had synthesised a tannin of this con-
stitution by digesting potassium gallate and monobromproto-
catechuic acid with alcohol on the water-bath for five hours,
CsH,(OH;).COOK +C¢H,Br(OH),. COOH =C,H,(OH),.COO
.C¢H,(OH),. COOH 4 KB, but his results have not been con-
firmed on re-examination by Schiff,t who points out that mono-
bromprotocatechuic acid itself precipitates gelatin, albumen, and
quinine.

By boiling an aqueous solution of gallic acid with arsenic
acid, which underwent no permanent change in the process,
Schiff { confirmed an earlier observation of L.owe’s, and obtained
a product which precipitated gelatin and otherwise reacted like
tannin, which he regarded as digallic acid, but Freda § failed to
obtain digallic acid by this means, and found that on complete re-
moval of arsenic, the compound was reconverted to gallic acid. It
was, therefore, questioned whether digallic acid was really formed,
and reconverted into gallic acid by the prolonged action of
hydric sulphide, which is necessary to remove the arsenic, or
whether the supposed tannin was merely an arsenical compound
of gallic acid. By shaking out with acetic ether, however, it
has been stated that the digallic acid may be isolated free from
arsenic ; it has been noticed that the use of hydric sulphide in
decomposing lead tannates (p. 111) often liberates a substance
which has lost the characteristic power of precipitating gelatin.
Small quantities of As,O5 will convert large quantities of gallic
acid in time, but Schiff preferred to use 8—10 per cent. on the gallic
acid. A minute quantity of As,O; added to sumach liquors
preserves and restores their tanning powers, and it was the active
constituent of the writer's “ Antigalline,” sold some years ago for
the purpose.

* Ch. News, lii. p. 49. t Ch. Zeit., 1896, p. 866.
1 Ann. Chem. Phar.; clxx. p. 100. § Gaz. Ch. Ital,, viii. pp. 9 and 363.
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Vournasos * has recently repeated some of the earlier work
on gallotannic acid, and prepared it free from gallic acid and
other impurities by the repeated re-crystallisation and subsequent
hydrolysis of what he considers to be a penta-acetyl derivative.
He summarises and confirms the evidence for the view that
gallotannin is a compound formed by the linking up of the
carboxyl group of one molecule of gallic acid with a hydroxyl
group of another molecule, water being eliminated, but points
out that it has never been yet settled, which hydroxyl group is
used to form the etheric grouping. He prepares a penta-benzoyl
derivative of gallotannic acid, and describes its properties in
detail, and uses this to clear up the constitutional formula. By
the very careful action of sulphuric acid and alcohol on this.
compound, hydrolysis of the etheric linking between the two
molecules of gallic acid is effected, without eliminating any of
the benzoyl groups, and the product is separated into two portions,.
one of which is identified as tribenzoyl gallic acid, and the other
as a dibenzoyl gallic acid. The latter in etherial solution is
treated with sodium amalgam at a low temperature, and the
benzoy! chains substituted by hydrogen, thus yielding a hydroxy-~
benzoicacid. Thisisidentified as the 1 : 4 compound, and shows.
that gallotannin has the following constitution :

OH OH

OH( \—CO—O—/ \COOH
sy N 4
OH OH

Vournasos also examines the supposed synthesis of Schiff’
by means of arsenic acid and phosphorus oxychloride, and finds
with other observers, that the phosphorus and arsenic cannot be
completely removed without destroying the “tannin,” and he
concludes that no real synthesis of a tannin has been yet brought
about. The question of optical activity is not taken into
consideration by him.

Gallotannic acid as obtained from plants invariably yields.
traces of glucose, as well as of ellagic acid, when boiled with
dilute acids. Itisstill an open question in many cases whether
the glucose exists in the plants asa glucoside of tannic acid or is
the product of some impurity (as is shown by Etti to be the case

* Dr. Alexandre Vournasos, Le Tannin de la Noix de Galle, Sa Constitution.
Bailliere et Fils, Paris, 1903.
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with oak bark, where levulose is always present). It seems
most probable, however, that natural gallotannic acid is really
a glucoside of digallic acid, or possibly, according to the theory
of Hlasiwetz, a gummide, or compound of dextrin, which, by the
action of acids, is easily converted into glucose. Schiff gives the
formula C,,H,05,=CeH,,06+2C,,H,,0y—20H,, which corre-
sponds to 23 per cent. of glucose, and slightly exceeds the maxi-
mum actually determined. He points out that natural gallo-
tannic acid is freely soluble in ether-alcohol and absolute
alcohol, which do not readily dissolve glucose. Repeated purifi-
cation with ether-alcohol, however, is capable of removing most
if not all the glucose from gallotannic acid. What has been
said of gallotannic acid in this respect, applies to many other
tannins, which like it give glucose by treatment with acids.

It has been recently pointed out by Giinther,* that solutions
of natural tannin are distinctly dextrorotary. The rotation is
too large to be accounted for by any possible admixture of
glucose or any other known substance. It is little altered by
acetylation of the tannin, but disappears entirely on its conver-
sion into gallic acid by digestion with dilute hydrochloric acid,
which scarcely affects glucose. Schiff's synthetic digallic acid is
optically inactive. It is generally believed that the property of
rotating polarised light is due to the presence in a compound of
an asymmetrical carbon atom, or one connected with four groups
all of different character ; and Giinther remarks that this is not
present in Schiff’s formula given above. Schifft confirms this,
but shows that the power of rotation is very variable in different
samples, and quite absent in gallic acid and artificial digallic acid
{produced by treatment of gallic acid with arsenic acid). He
suggests a ketonic formula, which, however, only contains an
asymmetric carbon atomon the unproved benzene-theory of Claus,
which supposes that the unsatisfied valencies are directed dia-
gonally across the ring. In his second paper he shows that such
a formula involves six hydroxyl groups capable of acetylation,
while five only exist, and gives other reasons why such a ketonic
structure is very improbable. On the whole, a suggestion made
by A. G. Perkin in conversation with the writer seems to offer
the most probable explanation, viz. that natural tannin consists
of a grouping of two or more molecules of digallic acid, possibly

* Ber. Phar. Ges., 1895, v. p. 179. t Ch. Zeit. 1895, p. 1680 ; 1896, p. 865.
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with glucose, in which an asymmetric atom is formed at the
linkage. The following formula represent Schiff’s alternative
structures :—

CO.OH H H OH OH OH H OH

K Sl Sl Sl o

OH OH H OH H CO.0H H OH

Etheric form. Ketonic form.

Schiff has also synthesised several -other bodies having the
properties of tannins, though whether any of them correspond
to natural tanning matters is uncertain. Will and Albrecht *
prepared pyrogallolcarboxylic and phloroglucolcarboxylic acids,
the two other acids derived from pyrogallol and phloroglucol
corresponding to, and isomeric with, gallic acid, by heating pyro-
gallol and phloroglucol with solution of hydrogen potassium
carbonate in sealed tubes, and from these acids, on treatment
with phosphorus oxychloride, Schiff  obtained dipyrogallolcar-
boxylic and diphloroglucolcarboxylic acids having the charac-
teristic properties of tannins. Dipyrogallolcarboxylic acid is
decomposed by boiling into carbonicacid and pyrogallol,and prob-
ably an analogous decomposition will take place with diphloro-
glucolcarboxylic acid, as phloroglucolcarboxylic acid itself is de-
composed in a similar way. When carefully dried diphloroglucol-
carboxylic acid is heated to 160°-175° C., water is given off and
a red anhydride is produced resembling oak-tannin-red in most
respects, but giving a fluorescent solution with alkalies. Both
these bodies contain four hydroxyls replaceable by acetyl.
Analogous products were also obtained from catechol, which will
be noticed under catechol tannins, p. 137.

Dekker} has attempted to sum up all the recent evidence,
and, assuming the absence of a carboxyl group on physico-
chemical grounds, and the presence of an asymmetric carbon
atom, has proposed the formula :—

ou\/ ———?/ < >OH

OH : OH ~ OH

-

* Ber. xvii. p. 2098 ; xviii, p. 3205. Chem. Soc. Abst., 1884, p. 1335.
t Annalen, cexlv. p. 35; cclii. p. 87. } Collegium, 1906, p. 326.
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This constitution would readily account for the optical activity,
the slow hydrolysis into gallic acid by acids, the absence of the
carboxyl group, the formation of diphenylmethane on distillation
with zinc dust, and the formation of rufigallicacid. The formula
shows seven hydroxyl groups, one of which is supposed to be
peculiarly situated,” so that only hexa-derivatives are obtained
by the ordinary reagents.

The whole matter, however, is still in an unsatisfactory con-
dition, and confirmatory work is urgently needed.

Phenols may be sulphonated by treatment with disulphuric
(fuming sulphuric) acid, forming sulphonic acids, analogous to
the carboxylic, but in which SO, takes the place of CO;. When
these acids are treated with phosphorus oxychloride disulphonic
acids are produced analogous to the synthetic tannins, and
possessing very similar properties, precipitating gelatin, and pro-
ducing more or less brittle leather from animal skin. Schiff*
succeeded in producing such bodies from common phenol, pyro-
gallol, and phloroglucol. This appears to show that the proper-
ties of tannin are not dependent on the CO group, but rather
on the general structure.

Gallotannic acid is met with, in commerce, in the form of
light buff-coloured scales, with a faint peculiar odour and a
powerfully astringent taste. It is soluble in six parts of cold
water or glycerin, and very readily in hot. It is also very
soluble in alcohol containing water, but much less so in absolute.
It is moderately soluble in washed ether, but scarcely at all in
anhydrous ether, chloroform, benzene, or petroleum spirit.

The commercial acid usually contains more or less of gallic
acid, which may be detected by dissolving in water, shaking
with ether, and after decanting and evaporating the ether,
applying the tests described under gallic acid (p. 120). It may
also be frequently distinguished in the simple aqueous. solution
of the tannic acid by the same tests. Hot solutions of tannin
will dissolve large quantities of gallic acid, which remains for long
periods in a state of supersaturation, and if the solution be pre-
cipitated with salt, most of the gallic acid is thrown down with
the tannin.t Commercial tannic acid in addition to its natural
impurities, such as gallic and ellagic acids and glucose, is occasion-
ally adulterated with starch,

* Annalen, clxxviii. p. 171. t Schiff. Gaz. Ch. Ital. ix. pp. 1-22.
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Gallotannic or digallic acid has never been crystallised, and
so-called “crystal tannin” is merely a commercial product made
by drawing the syrupy solution into threads which are broken up
after drying, and resemble needle-crystals.

Gallotannic acid, like all other pyrogallol tannins, when
treated with bromine-water, yields soluble bromine derivatives.

Gallotannic acid may be estimated by the various methods
given in Sections XIII. and XIV. for the estimation of tannins,
but no rigidly accurate method of separating it from gallic acid
and other impurities is yet known.

Some additional reactions of gallotannic acid will be found in
Table V. p. 162. It is distinguished from gallic acid by its
power of precipitating gelatin and many organic bases, including
strychnine, quinine, cinchonidine, morphine, brucine, benzidine,
and all the “basic ” coal-tar colours ; and by giving precipitates
with lead nitrate, lead acetate acidified with acetic acid, and
ammoniacal solutions of copper and zinc sulphates.

Ellagitannic Acid is generally associated with gallotannic acid
in tanning materials of the pyrogallol group, varying in propor-
tion, from large quantities in divi-divi, myrobalans, and valonia,
to mere traces in sumach. Either it, or some analogous body
producing bloom, is also present in considerable proportion in
oak bark, associated with a catechol tannin. Ellagitannic acid
is noteworthy as the source of bloom, or ellagic acid (p. 121)
which see. Its constitution is quite unknown, and it may be
merely a hydrated colloidal soluble form of ellagic acid, but is
more probably a soluble glucoside of it, which is easily split up
by ferments, or even by simple boiling ; or even a compound of
ellagic and gallic acids, as suggested by Perkin.

It is probable that other tannins of the pyrogallol group
exist, especially as alkylated digallic derivatives with the pro-
perties of tannins can be formed synthetically (p. 134), but so
far, ' one have been recognised or separated in nature. It is
highly probable 1that the tannins of valonia, oakwood-extract, and
myrobalans, and several other pyrogallol tans are not actually
identical with digallic acid, though evidently closely related.
The tannin of babool pods (Acacia Arabica, and some other allied
species), though belonging to this group, is evidently not identical
with digallic acid, as it gives no insoluble precipitate with lime-
water.
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The Catechol Tannins,like the pyrogallol tannins, form a class
which contains more than one member, though it is likely that
many tannins which have received different names are mixtures
of comparatively few individuals.

Schiff has shown that aqueous solution of protocatechuic acid,
after boiling for some hours with arsenic acid and treatment with
ether, separates into three layers, of which the middle yields
diprotocatechuic acid, C,,H;,04, analogous to digallic acid, and
sesembling it in most of its properties, but giving green colora-
ation with ferric chloride* He also obtained a *“tetraproto-
catechutannic acid ” by the action of phosphorus oxychloride on
an ethereal solution of protocatechuic acid. It seems not im-
probable that such condensation products exist, containing two
different acids, and hence, like some of the natural tannins,
yielding more than one phenol on decomposition. Whether
the natural catechol tannins are of so comparatively simple a
constitution is yet doubtful, but the solution of the problem is
much complicated by the difficulty of separating amorphous and
closely allied bodies. All catechol tannins contain a proto-
catechuic acid group, but some yield phloroglucol and others do
not. To the first of these classes belong the tannins of cutch
and gambier (catechus), whence the name is derived.

Catechutannic Acid is obtained from gambier and cutch. It
is not improbable that the two products are identical, but un-
certain whether the apparent differences are due to impurities or
variations in constitution, and it is very possible that both are
mixtures of more than one chemical individual. Closely allied
tannins are found in kino and many other plants. The tannin
of gambier seems to possess important practical differences from
other catechol tannins, being less astringent, and more readily
removed from leather by washing.

Catechutannic acid appears to be an anhydride or mixture
of anhydrides of catechins, though it is quite possible that catechu
also contains tannins not derived from catechins.

Catechins.—1t was formerly supposed that the catechins from
different sources were identical. Recent researches, however,
especially those by Perkin and Yoshitaket show that the
catechins are a class containing at least two or three distinct

* Ber., 1882, xv. p. 2588.
t Journ. Chem. Soc., Ixxxi. 1892, p. 1160.
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chemical individuals closely resembling each other in properties,
and probably also in constitution.

Gautier * appears to have been the first to show that there
was more than one catechin, and indeed describes three isolated
from gambier (from Nawuclea Gambir): (a) with melting point
204°-205°C. ; (6) m.p. 176°~177°C. ; (¢) m.p. 163° C. He further
describes several other catechins of different melting points
derived from acacia catechus. Perkin and Yoshitake (loc. ciz.)
working on cube gambier, which was extracted with ethyl acetate
and the product purified by crystallisation from water after frac-
tional precipitation with lead, obtained a catechin agreeing in
melting point with Gautier’s (&), which appeared to be a chemical
individual, but could not detect the (@) catechin. Dried at 100° C.
the air-dried crystallised subtance lost about 20 per cent. of water
of crystallisation, and on subsequently heating to 160°C. no
further loss or change beyond slight browning occurred. Analysis
gave numbers closely approximating for the crystalline substance
to those required for C;;H,,04 . 4H;0, and this formula was
further confirmed by analyses of azobenzene benzoyl and acetyl
derivatives. Molecular weight determinations by the freezing
point method in naphthalene gave results confirmatory of the
formula just quoted, and acetylation and benzoylation indicate
five replaceable OH groups. By treatment with lead acetate in
solution slightly acidified with acetic acid, a crystalline lead
salt, corresponding to the formula C;3H,;,04 . Pb(C,H;30,), was
obtained. The catechin was sparingly soluble in cold water,
freely in alcohol, and if air-dried, soluble in ether and ethyl
acetate, but not if dried at 100°C. It gave the phloroglucol
reaction with deal-shaving and hydrochloric acid, and on fusion
with potash, phloroglucol and protocatechuic acid, and a volatile
acid, probably acetic. With ferric chloride a green, and in pre-
sence of sodium acetate a deep violet coloration was produced.

From the mother liquors formed in purifying this (4) cate-
chin a second catechin was isolated, with a melting point of
235°-237°C., and crystallising without water of crystallisation.
In its other properties, and decomposition-products, as well as
in the results of ultimate analysis, it was identical with catechin

(®)-

From acacia catechu (“kath ”) the same authors obtained a

* Bull. Soc. Chim., 1878 (ii.), xxx. p. 567.
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catechin, which sinters at about 140°C,, resolidifies, and finally
melts at 204°-205° C. without decomposition, and which was
possibly identical with Gautier’s (@) catechin. Exceptih melting
point, it appears to be identical in properties and composition
with catechin (8). The authors state that all these catechins are
probably represented by the formula C;sH,,Og, but are different
substances, since they differ not only in melting point but in water
of crystallisation, and similar differences occur in their derivatives.
It is possible that the volatile acid obtained on potash-fusion is
in some cases formic and not acetic. The work of Perkin and
Yoshitake has on many points been confirmed by that of
Kostanecki and Tambor,* and Karnowski and Tambor.f Ordi-
nary gambier catechin yields a series of reds, probably anhydrides,
on boiling with dilute sulphuricacid. Heated in dilute sulphuric_
acid 1:8 in a sealed tube to 140° C. catechol and phloroglucol
together with a red anhydride are obtained. In concentrated
sulphuric acid, it dissolves with a deep purple coloration. It is
readily soluble in alcohol and in boiling water, but requires about
1100 parts of cold water for its solution. Hence it separates on
cooling from a hot solution of gambier, and may be purified by
redissolving in hot water and treatment with animal charcoal,
and subsequent crystallisation. The white deposit on pit sides
and on the surface and interior of leather, which is often found
when gambier is largely used, and which is sometimes called the
«“whites,” consists of crystallised catechin. It may be dissolved
by warm water or liquors, or may be decomposed by warm sul-
phuric acid. This deposit is favoured by the use of 4oz gambier
liquors, from which it crystallises on cooling. Its occurrence has
also been attributed to some kind of fermentation of gambier
liquors, but this is very doubtful. Catechin may be extracted
from its aqueous solution by agitation with ether. It possesses
no acid properties, though some writers have incorrectly called
it catechuic acid. The aqueous solution gives precipitates with
albumin, lead acetate, and mercuric chloride, and reduces
ammonio-nitrate of silver ; but, unlike tannins, it does not pre-
cipitate gelatin, alkaloids, or tartar emetic. It is oxidised by
permanganate in presence of free acid, and hence, when in
solution, is estimated by the Lowenthal method as “non-
tannin.” It is also partially absorbed by the hide powder filter

* Ber., 1902, xxxv. pp. 1867 and 2408. 1 Ibid. p. 2410.
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so that the analysis of gambiers by this method is rendered
difficult and uncertain. It probably possesses no tanning pro-
perties itself, but its anhydrides will tan. In experiments made
by the writer a slight tanning effect was observed in a cold
saturated solution, which had a faint yellow colour and probably
contained a trace of anhydrides, and on boiling the solution for
some time, the tanning effect was increased and both the liquid
and the leather took a deeper and redder colour. Its value is
therefore uncertain, but the practical results from gambier seem
larger than corresponds to the ready formed tannins present, and
it is not improbable that in the tanning process the catechin is
gradually converted into available tannins. Hunt has, however,
shown * that, as estimated by the Loéwenthal process, the tannin
in gambier is to some extent lessened by boiling, probably by
conversion into an insoluble anhydride. Although the tannins
-of gambier and cutch are so nearly related, great differences exist
in their tanning properties.

Natural Colouring Matters allied to Tannins—-These are
so constantly present in vegetable tanning materials, and so
frequently influence their colour reactions, that a section on the
Chemistry of Tannins can hardly omit some notice of them ; and
as they are closely allied to tannins in their products of decom-
position, and are moreover crystalline bodies, the structure of
which has been closely investigated by many chemists, and
especially in recent years by A. G. Perkin and by Kostanecki
and their pupils, and which is now comparatively clearly under-
stood, their study can hardly fail to cast light on that of the
tannins themselves.f Their relation to tannins has already been
mentioned on p. 104. Like the tannins, they usually occur in
nature as glucosides, generally crystalline, which are broken up
by digestion with dilute acids, or by ferments, leaving the
colouring matters themselves as crystalline powders, usually very
sparingly soluble in water, but pretty freely so in alcohol, espe-
cially with the aid of heat. They are usually precipitated by lead
acetate, which, however can frequently be used in their purifica-

* Journ. Soc, Chem. Ind., 1885, p. 266.

t The best summary of present knowledge of the natural colouring matteris ¢ Dre
Chemic der natiirlichen Farbstoffz,” by Dr. H. Rupe (Vieweg und Sohn, Braunschweig).
Their occurrence in tanning materials has been specially studied by Perkin in a series
of papers communicated to the Chemical Society ; Chem. Soc. Trans,, 1896, Ixix.
pp- 1289, 1299, 1303 ; 1897, lxxi. pp. 1131, 1194 ; 1898, Ixxiii. pp. 374, 1016.
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tion, tannins and phlobaphene bodies usually coming down in
the first fractions. The colouring matters found with tannins.
mostly dye more or less pronounced yellow shades on tin and
alumina mordants and olives on chrome and iron, and belong
to one group, the favones. Others such as hzmatoxylin and
brasilin from logwood and Brazil-wood are more or less asso--
ciated with tannins, but hardly come within the scope of this
section.

Flavone, the at first hypothetical type of the group actually
synthesised by Kostanecki, * and its derivative favonol possess the
constitutions shown below ; and the colouring matters in which we-

2 Ve -2
37 /o N <

c—={r’ >4’
L ¢
2 C—H C OH
rN \/\CO/
: Flavone. Flavonol.

are specially interested, quercetin, fisetin, myricetin, and morin
are all derived from the latter, and differ only in the number and
arrangement of OH groups on the two benzene rings. All but
fisetin, the colouring matter of R/us cotinus (“ Venetian sumach”
or “ young fustic ”’), have OH groups in the I, 3 positions. When
these are fused with potash, the intermediate (pyrone) ring is
broken and OH substituted for the OC in the 5' position, so-
that phloroglucol is formed, though it does not actually exist in
the colouring matter, which therefore does not give the pine-
shaving reaction. Fisetin has no OH in the 1 but only in the 3
position, and therefore yields resorcinol on fusion. Quercetin
and fisetin have OH groups in the 3’ and 4’ positions on the
second ring, which on fusion becomes oxidised to protocatechuic
acid, while morin, the colouring matter of Morus tinctoria (fustic),
has OH groups in the 2" and 4’ positions, and yields resorcinol
but no protocatechuic acid in addition to phloroglucol. Myricetin,
the colouring matter of many sumachs and of Myrica nagi, has
OH groups in the 1, 3, and 3, 4/, 5’ positions, and consequently
yields phloroglucol and gallic acid on potash-fusion. Several of
these flavones yield, in addition to the products named, acetic,
glycolic or oxalic acids from the residues of the pyrone ring,

* Ber., xxvi. p. 2901 ; xxviii. p. 2302.
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It is interesting to compare the behaviour of these flavones
with maclurin, or so-called “ moringatannic acid,” a second crys-
talline colouring matter of fustic, which not only yields phloro-
glucol on potash-fusion, but gives the pine-shaving reaction.

OH OH
The structure of maclurin is probably oH{_ >—co— HoH,
OH

so that the phloroglucol exists ready formed in the substance.
In this respect it resembles the catechins.

Quercetin, with its glucosides, is the commonest colouring
matter in tanning materials, and is the principal one of quercitron
(Quercus tinctoria), and is also found in quebracho, cape sumach
(Osyris compressa), gambier, the acacias, and many other materials,
while myricetin is common in the sumachs and some other tans
of the pyrogallol class.

Other Natural Tannins—It can hardly be said that any
natural tannins except digallicacid have been thoroughly investi-
gated, and most of them have not even been prepared in a state
of approximate purity. It is known that tannins of the pyrogallol
class exist in many plants, but whether these are merely impure
forms of digallic acid and its glucosides: or allied tannins of
different constitution containing perhaps methyl or other alkyl
derivatives of pyrogallol, is by no means decided in most indi-
vidual cases. There is probably little doubt that the principal if
not the only tannin of sumach and most galls is gallotannic acid,
and apart from the soluble tannin of ellagic acid, the same is
probably true of myrobalans, but is by no means so certain with
regard to divi-divi, or chestnut-wood and oak-wood tannins, and
many others. Béttinger * believes oak-wood tannin to be a methy!
derivative of digallic acid, of the formula C;3H,,0, . 20H,, which
loses one molecule of water at 100° C. and the second at 135° C.
He obtained a pentacetyl derivative C;sHyAc50,, and two brom-
ine derivatives from this, C;sH,(BrAcO, and C,;H,Br,AcO,.
Koernert acetylated oak-wood and chestnut-wood tannins, and
found for the former an acetyl derivative containing 5 acetyl
groups (31°8 per cent.) and with a'molecular weight (by freezing-
point in phenol) of 68g approximately. Bottinger’s formula
gives a molecular weight of 546 and 39°4 per cent. of acetyl
(C3H;0), while if Koerner’s results can be accepted as reliable,

* Ber., xx. 1887, pp. 761-766. t Koerner, Collegium, 1903, p. 163.
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the constitution must be much more complex. He, however,
points out himself that with such substances cryoscopic methods
are not very reliable. Koerner (loc. cit.) found for the acetyl
compound of chestnut-wood tannin a molecular weight of 870
and 36°5 per cent. of acetyl, so that he considers it to contain 7
acetyl groups, and states that the acetyl compound differs in
solubility and other properties from the oak-wood derivative, and
that therefore the two tannins are distinct. Considering the
many sources of error to which such determinations are liable,
these results must be accepted with a certain reserve. It is
possible that many apparent discrepancies arise from the diffi-
culty of distinguishing between the tannins and their glucosides.

With regard to the tannin of algarobilla pods (closely allied
botanically to divi-divi) Zolfel® states that they yield 8-10 per
cent. of gallotannic, and a much larger quantity of ellagitannic
acid. The gallotannic acid exists as a glucoside with dextrose.
The ellagitannic acid (p. 136) is free from glucose, and takes 3
acetyl groups. He believes it to be isomeric with digallic acid
C,.H,,04.  As ellagic acid is now known to be C;,H¢Os;, and to
separate almost spontaneously from the ellagitannic acid, it is
difficult to see how this constitution is possible. Zélfel believes the
tannins of algarobilla to be identical with those of myrobalans.

Some pine-tannins apparently contain pyrogallol derivatives.
The bark of the silver fir (4bies pectinata) is said to give a blue-
black with ferric salts. G. Heylt has investigated the tannin of
the cones of Seguoia gigantea, the giant pine of California, which
gives a brownish-black with ferric chloride, and insoluble preci-
pitates with salts of Ba, Mg, Cu, and Pb, which, when heated to
200° C. yield pyrogallol. Boiled with dilute sulphuric acid, in-
soluble reds, and only small quantities of glucose and of gallic
acid are produced. Heyl gives the constitution of the tannin as
CaH30049, and of its bromine and acetyl derivatives as
Co1H5040Bry and CyH,O49(CoHO)s respectively, but these
formulea, like most others which have been given for tannins
must be accepted with much reserve.

Turning to catechol tannins, it is pretty certain that wider
divergences exist. None of the natural tannins can be simply
diprotocatechuic acid C;,H;,0; (p. 137), since it contains only

* Arch. Phar., cexxix. pp. 123—160 Journ, Chem. Soc. Abst., 1891, p 918
t Chem. Centralb., 1901, ii. p. 312.
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57:93 per cent. of carbon, while Trimble points out that the
natural catechol tannins contain about 60 per cent. (p. 108). It
does not appear that they are usually glucosides, the principal pro-
ducts on boiling with dilute acids being insoluble reds, which are
probably condensation products, possibly anhydrides, of the
tannins.

Quercitannic Acid. Qak-bark tannin.—This tannin may be
prepared from oak bark by Prof. Trimble’s method, described on
p. 111, who obtained the oak tannins as light-coloured powders
very similar in appearance to gallotannic acid, and easily soluble
in water and other solvents of gallotannic acid.

It may also be prepared by evaporating the alcoholic extract,
and extracting with water, which leaves the phlobaphenes or
higher anhydrides undissolved. The first anhydride, which is
partially soluble, may be precipitated by the addition of salt,
and the quercitannic acid extracted by shaking the filtered
solution with acetic ether. In very dilute alcohol it yields a
pure yellow precipitate with lead acetate. In aqueous solution
the precipitate is light brown. When pure, quercitannic acid
gives a green-black with ferric salts, and yields nothing to pure
ether or to benzene. The blue-blacks given by many oak-bark
infusions have been shown by Trimble to be due to the presence
of colouring matters, which in some cases can be isolated by
removing the tannin with neutral lead acetate, and after filtration
precipitating the colouring matter with the basic salt.

If quercitannic acid be heated to 130°~140° C,, it loses water
and yields a red anhydride slightly soluble in water, which con-
stitutes the red colouring matter of oak bark and which has also
been called “ difficultly soluble tannin.” It precipitates gelatin,
and is one of the class which Eitner well designates “tanning
colouring matters.” It gives a brownish red with lead acetate
and a blue-black with ferric salts; it is difficultly soluble in
water and ether, but readily so in alcohol of all strengths.
Together with other anhydrides, it exists naturally formed in
the bark. At higher temperatures, or by boiling with acids, a
series of higher anhydrides may be obtained which are quite
insoluble in water, but are soluble in alcohol and caustic alkalies.
No glucose is produced by treatment of pure quercitannic acid
with acids, that found after so treating oak-bark extract
being due to the lavulose present. If oak-reds are fused
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with potash they yield, according to Johansen,* protocatechuic
and butyric acids, while both Etti and Béttinger obtained proto-
catechuic acid and more or less phloroglucol. It must not be
forgotten that many if not all oak-barks contain quercetin, and
that this if not completely removed must yield protocatechuic
acid and phloroglucol on potash-fusion, but many oak-barks give
a faint reaction with pine-shaving and hydrochloric acid, while
quercetin does not do so. If heated in sealed tubes with fuming
hydrochloric acid, methyl chloride is evolved and red anhydrides
and traces of gallic acid formed. The constitutional formula of
quercitannic acid is as yet very uncertain. It is known that the
tannin of oak wood differs materially from that of the bark, the
former being a pyrogallol and the latter a catechol derivative,
and it is doubtful whether either has been isolated in a state of
purity, or free from traces of colouring matters. Trimble’s
tannins from different oaks, which were probably among the
purest yet prepared. showed slight differences in properties which
may have been due to difference of constitution, but more pro-
bably to residual impurities. Trimble detected catechol in the
product of oak-bark tannins heated in glycerin, and protocate-
chuic acid in those of the action of hydrochloric acid and of fused
potash. Pyrogallol, gallic acid and phloroglucol were not de-
tected. The average of nineteen ultimate analyses of tannins of
different species of oak is given by Trimble as C = 59-79, H =
5:08, G = 35-13 per cent. This agrees fairly well with Etti’s
formula for the tannin of Quercus pubescens, CyuHy0O,, but he
states that his tannin was insoluble in water (and hence perhaps
an anhydride). Elaborate researches have been made on the
constitution of oak tannins by Lowe, Etti and Béttinger, with
somewhat contradictory results. For details the original papers
must be consulted, references to which are given below.t A

* Arch. Pharm., [3]ix. p. 210; Chem. Soc. Journ., 1877, i. p. 721.

t Papers referred to on the constitution of quercitannic acid :—

1880. C. Etti, ‘Monatshefte fiir Chemie,” i. p. 262; Ch. Soc. Abs., 1881,
p- 277 ; C. Bottinger, ¢ Annalen der Chemie,’ ccii. p. 269.

1881. C. Etti, Berichte d. Deutsch. Ch. Ges., xiv. pp. 1398, 1826 (Ch.S. Abs., 1831,
p. 1021) ; ibid. p. 2390 ; Dingler, ccxli. p. 69 ; J. Lowe, Zeits. Anal, Ch., xx. p. 208,

1883. Biittinger, Berichte, xvi. p. 2710, and Ch. Soc. Abs., 1884, p. 321 ; Etti,
Monoatshefte, iv. p. 512 (Ch. Soc. Abs, 1883, p. 994).

1884. Etti, Ber., xvii. p. 1820 (Ch. Soc. Abs., 1884, p. 1355) ; Bottinger, Ber.,
xvil. pp. 1041, 1123 ; Ch. Soc. Abs., 1884, p. 1025,

1887. Bottinger, Annalen, ccxxxviii, p. 3365 ibid. cexl. p. 330 ; Ber., xx. p. 761

1888. Et:i, Monatshefte, x. pp. 647 and 805.
L
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good summary is given by Trimble.* For the reactions of
various oak tannins and infusion see p. 163.

On the whole, it seems probable that the principal tannin of
oak bark is a purely catechol tannin, and that the gallic and
ellagic acids, which have been detected in it, are due to an
admixture of the gallotannic und ellagitannic acids present in
oak wood, galls, and probably more or less throughout the tree.
Apparently phloroglucol is present, but in very much smaller
quantity than in gambier. It is not improbable that the tannins
of hemlock and mimosa are identical with the catechol tannin of
oak bark.t Bottinger, however (loc. cit.), gives the following
percentages of bromine as contained in the precipitates from
aqueous solutions of their tannins, which do not support their
identity.

Oak bark, brownish yellow precipitate 3 3 . 28°4 per cent. Br.
Hemlock bark and
Quebracho wood

Mﬁgst?a:ﬁi g;j;gier} pale yellow precipitate . 49°3-53'2 A Thy

} reddish yellow precipitate. 42°1-43"5

3 3

SECTION IX.

THE QUALITATIVE RECOGNITION OF
TANNING MATERIALS.Y

THIS has become a matter of considerable importance, since
the commercial value of an extract is dependent, not only on
the percentage of tanning matter as determined by analysis,
but on the nature of the tannin present which influences the
character of the leather produced. It is also frequently desirable
to ascertain what material has been used in tanning a given
leather, and though in mixed tannages it is impossible to deter-
mine this accurately, chemical tests applied to the extract of the
leather will frequently give much useful information.

It is obvious that, failing a clear knowledge of the tannins
themselves, any really scientific scheme of separation is for the
present impossible ; since, although we know that the tannins are

* ¢The Tannins,’ i. p. 94. t See Boéttinger, Ber., 188'11, xvii. p. 1123,
t Cp. Journ. Soc. Chem. Ind., 1894, p. 487 ; ¢ Gerber,” 1894, p. 195.
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a class, we are quite ignorant of their number, which may be a
comparatively small one, because many members of the group
which at present receive individual names are probably mere
mixtures. All that can be so far done is to separate the tanning
materials into groups or individuals by reactions which have been
empirically determined ; of which in many cases we do not
know the chemical significance, and which are often due to other
constituents of the materials than the tannins themselves. The
question is still further complicated by the fact that wood, bark
and fruit of the same tree often yield tannins of distinctly
different character. Thus the bark of Acacia arabica (Babul)
gives the general reactions of the Australian acacias, and evi-
dently contains as its main constituent a tannin of the catechol
group; while the pods of the same tree have a tannin which
differs from any other which I have examined, but which is
apparently a pyrogallol derivative. The differences between the
tannins of oak bark, galls and wood are equally striking. And
while cutch from the wood of Acacia catechu gives the phloro-
glucol reaction intensely, the bark of the same tree hardly con-
tains a trace.

In the previous Section it has been shown that the founda-
tions of a clearer knowledge are being laid, and while we
must still take advantage of any reactions which enable us to
recognise individual materials, there are certain broad distinctions
of a chemical nature which we can already utilise as the basis
of a classification, which we may hope to subdivide further as our
knowledge increases. It must, however, be borne in mind- that,
for commercial purposes, the problem is not always the recogni-
tion of chemical individuals merely, but of their origin. It is
very probable, for instance, that the principal tannins of oakwood
and divi-divi are identical ; but their commercial value in an
extract may differ considerably from the presence or absence of
other constituents characteristic of the several materials. Some
of these constituents may be removed or altered by the processes
of decolorising and rendering soluble now used in extract manu-
facture, so that it often happens that reactions quite characteristic
of the original material may be absent in its purified extract.

We may make the beginning of a scientific classification by
dividing “catechol tannins,” derivatives of the dihydric phenol
catechol, and of its corresponding protocatechuic acid, from

L2
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“ pyrogallol tannins” derived from the tryhydric phenol, pyro-
gallol, and its corresponding gallic acid. To do this no elaborate
separation is necessary, for not only do the two classes differ
markedly in general character, but they are distinguished by the
fact, not yet explained, but apparently without exception, that
while dilute solutions of catechol tannins give an immediate
precipitate with bromine water, and form insoluble bromine-
derivatives, the corresponding derivatives of pyrogallol tannins
are soluble and do not precipitate except in a few cases after long
standing and probable oxidation. Again, when all pyrogallol
tannins give blue-blacks with neutral ferric salts, most catechol
tannins (and perhaps all if properly purified) give green-blacks.
The principal exceptions to this rule are the Australian mimosas
which give violet-blacks, and oak-bark of Quercus robur which
gives a blue-black, probably from the presence of pyrogallol deriv-
atives, since its purified tannin gives the usual green-black. A
crimson reaction with concentrated sulphuric acid is also usually
a distinguishing mark of the catechol tannins.

Another instance in which definite knowledge of constitution
may be obtained by a qualitative test is that of the catechol tannins
which also contain phloroglucol, and which consequently give a
pink or violet coloration to deal-shaving when moistened with
hydrochloric acid. The most pronounced instances of this are
the true catechus from Nauclea gambir and Acacia catechu, though
many other materials give a faint reaction. [t is pointed out on
p. 145 that many bodies such as quercetin, which yield phloro-
glucol on fusion with potash, do not contain it ready formed, and
consequently do not react with deal-shaving, and the same is
probably the case with some of the tannins. It must also be
remembered that resorcinol, and probably some of its deriva-
tives, give a bright blue coloration under the same test.

The other reactions used in the following tables are more of
the nature of special tests,and in most cases the chemical changes
involved are not understood. With many materials characteristic
colour-changes take place from gradual oxidation when a tanning
solution is treated as in the Payne and Parker method of analysis.
with large excess of a sugar-lime solution, or of baryta water.

In some cases valuable information as to constituents and even
as to proportions of mixture may be obtained from quantitative
methods. The relation between the quantities of tanning and
soluble non-tanning substances present is often characteristic ;
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and inferences may be drawn from the relation between the
results of the gravimetric (hide-powder) method of estimation and
those of Lowenthal’s or Payne and Parker’s, since in both of
these a different factor is required for catechol and pyrogallol
tannins.

For purposes of recognition, infusions of tanning materials
may therefore be divided into three classes, as in Table I, viz.
(1) Those which give a precipitate with bromine water, and green-
black with iron alum, and which are pretty certainly catechol
tannins : (2) those which give a precipitate with bromine water,
but bluish- or violet-blacks with iron, and which for the present
must be regarded as mixed or uncertain; and (3) those which
give no precipitate with bromine, and blue-black with iron, and
which, so far as we know, are all derivatives of pyrogallol.

These classes may be further subdivided by other reactions,
but until the causes of these reactions are better understood, the
classification must be regarded as somewhat artificial, since though
convenient as an index, it sometimes happens that tannins
probably really closely allied fall into different groups.

The strength of the infusions employed is understood to
approximate to that used in the ILA.L.T.C. method for purposes
of quantitative analysis, that is, containing about 0°4 per cent.
of tanning matter; and the table on p. 191 will give a general
idea of the weight of material which should be used.

The method of carrying out the various reactions is as
follows :— 12

Bromine Water Reaction.—It is best to add the bromine
water drop by drop to 2-3 c.c. of the infusion in a test-tube,
until the solution smells strongly. In some cases the precipitate
is slight, or forms slowly, and occasionally it is crystalline, and
on this account less conspicuous, but it is usually a distinct
yellow or brown flocculent one. In general terms bromine may
he said to be a reagent for the catechol tannins; precipitating
all which give green-blacks with iron, and many which give blue-
or violet-blacks, which are reasonably suspected of containing
catechol. It does not precipitate any recognised pyrogallol
tannin, but several which yield ellagic acid (bloom), such as oak
barks. No notice need be taken of any precipitate which only
forms after long standing, as bromine acts as an oxidising agent
as well as directly, and many pyrogallol derivatives yield in-
soluble oxidation-products. For this reason it is desirable that
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the bromine water should not be too strong; 4-5 grm. bromine
per liter being suitable, and the solution of the tannin should be
faintly acid, acetic acid being added if required.

Ferric Alum, Ammonium Ferric Sulphate—A 1 per cent. solu-
tion of this salt has been chosen as easily obtainable, neutral and
in a state of approximate purity. This salt forms violet crystals
yielding a pale yellow-brown solution, which should not be kept
too long, as it depositsiron asa basic salt. Ferric chloride, which
is generally used, is almost invariably strongly acid, and of a very.
persistent yellow ; and in excess will give a green-black reaction
with gallotannic acid itself, and its results as a test are often
misleading. Ferric acetate, which has also been recommended,
gives heavy precipitates with most materials, and is very strongly
coloured, so that it is found less convenient than the iron alum.
As the colorations are generally very powerful, they are best
seen by diluting the tanning infusion freely, and adding the iron
solution very cautiously. In many cases the coloration first
produced, and which is the characteristic one, rapidly fades to a
dull olive or brown in presence of excess of iron, probably by
oxidation and destruction of the tannin.

By far the largest number of tannins fall into Class I, giving
precipitates with bromine and green-blacks with iron, but these
may be pretty satisfactorily subdivided by a reaction with—

Cupric Sulphate and Amimonia,—When solution of cupric
sulphate is added to a tanning material infusion, it sometimes
gives a precipitate, and sometimes not. This distinction is of
little importance, as the presence of any salt of a weak organic
acid would in all cases cause a precipitate, by neutralising the
sulphuric acid of the sulphate. Cupric acetate produces a
precipitate with all tannins, so far as I have observed, and it
is interesting to note that in this case, as in many others of a
like character, the tannin combines with, and precipitates the
salt as a whole. On the addition of ammonium carbonate,
effervescence takes place, and the precipitate darkens, and
becomes a true tannate.

When ammonia is added to the mixture of a tannin and
cupric sulphate, a precipitate is invariably formed in the first
instance, consisting of a tannate of copper with variable quantities
of blue cupric hydroxide. With excess of ammonia, the whole of
this precipitate is in many cases dissolved, while in others an in-
soluble tannate remains. The latter is the case with all tannins
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derived from gallotannic acid, and with many containing proto-
catechuic acid, and forms a useful means of classification, though
as yet the difference of structure to which it corresponds is
unknown. The fact that hemlock and other pine barks, as well
as cutch and gambier, yield cupric tannates soluble in ammonia,
is an instructive commentary on processes which have been
proposed for quantitative estimation by precipitation by
ammonio-cupric solutions. :

Where the precipitate redissolves, it generally does so with
the production of either a'greenish brown, or a purplish brown
coloration, which in presence of a small amount of the blue
ammonio-cupric sulphate, appears either as a green or a reddish
violet. It need hardly be pointed out that to see this coloration
well, the copper should be in the least possible excess. Hence
it is desirable to use a very weak copper solution, say at most
1 per cent.

We thus obtain two sub-classes ; 1 a (Table IL), in which
copper produces a precipitate soluble in ammonia, and 1 8
(Table IIL), in which an insoluble precipitate is formed. It
must be admitted, however, that while in many cases the dis-
tinction is well marked, there are cases in which the solubility
or the reverse is only relative, and others in which the precipitate
appears to be soluble or insoluble according to the amount of
phlobaphenes and impurities present. The excess of ammonia
used is also not without influence in some cases.

No attempt has been made to arrange systematically the
results of the further reactions which are suggested to determine
individual members, since in the main they correspond to no
broad chemical demarcation, and in others they shade off by
imperceptible degrees, so that it is only by taking all character-
istics into account that any safe conclusion can be drawn. This
is specially the case with the vanillin reaction for phloroglucol,
which is given strongly by cutch and gambier, markedly by
several other materials, and so faintly by many others that no
sharp line can be drawn. The following reactions are those
which I have employed for further distinction :—

Nitrous Acid Reaction.—This reaction is obtained by adding
to a few c.c. of the very dilute infusion in a porcelain basin a
distinct excess of freshly prepared solution or crystals of sodium
or potassium nitrite, and then 3-5 drops of decinormal sulphuric
or hydrochloric acid. In typical cases the solution instantly
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turns pink or crimson, and slowly changes through purple to a
deep indigo-blue, but in others, as sumach, where the reaction
is feeble, and masked by other changes, the final colour is green
or even brownish. In a large number of cases, nitrous acid
produces a yellow or brown coloration or precipitate, but
“reaction” in the tables invariably means a series of colour-
changes as above described. Nothing can as yet be said on the
nature of the chemical changes produced. The reaction is ap-
parently given by all tanning materials which yield ellagic acid
or “bloom,” but not by ellagic acid itself, either natural or syn-
thetic, nor by pure gallotannic acid. It is, therefore, probably
a reaction of ellagitannic acid, and is valuable for subdividing
the mixed and pyrogallol tannins. It may also be obtained
faintly from some of the oaks, which give green-blacks with iron,
and are therefore classed as catechol tans.

Stannous Chloride and Hydrockloric Acid.—This reagent
consists in a strong solution of stannous chloride in concentrated
hydrochloric acid. If about 10 c.c. of this are added to 1 c.c. of
the tannin material infusion, in a porcelain basin, and allowed
to stand for 1o minutes, coniferous tans, mimosas and some
others give a very marked pink coloration. This is specially
distinct in the case of larch bark. If a small piece of larch-
tanned leather be steeped in the reagent, the coloraticn appears
very strongly.

Deal-Shaving and Hydrockloric Acid, Phioroglucol Reaction.
This reaction is due to the condensation of phloroglucol with the
traces of the methyl-protocatechuic aldehyde (vanillin) always
present in the wood of the Conifere (cp. p. 116). A shaving or
slip of any pine wood is moistened with the infusion, and then,
either before or after drying, is again moistened with concen-
trated hydrochloric acid. In the case of cutch and gambier and
a few other materials, and of solution of phloroglucol itself, the
spot becomes at once a bright red or violet, but in many cases
the reaction is faint, and only appears after some hours. A
decided red reaction probably always indicates the presence of
phloroglucol. The statement that catechol gives a similar re-
action appears to be an error; but a violet-blue is given by
resorcinol.

Sodium Sulphite—A few drops of the tanning solution are
placed in contact with a crystal of sulphite on a tilé or in a basin.
With valonia, a bright purplish pink is rapidly developed,
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apparently by oxidation. Many other tanning materials pro-
duced red or pink colorations, but in no case so marked a reaction
as valonia. ]

Concentrated Sulphuric Acid—A test-tube is rinsed out with
the infusion and drained, so that only about a drop remains, and
about 1 c.c. of concentrated acid is cautiously poured into the
sloping tube, so as to form a layer underneath the tanning
solution. The ring of colour at the junction of the two liquids
is noted, and then they are mixed by shaking and diluted with
water. About half the materials give a deep purplish crimson,
called simply “crimson ” in the tables, and in many cases this is
decidedly pink on dilution, while in others it is obscured by
brown products formed by the heat of mixture. A large
number of other materials give browns or yellows only, which,
when intense, may appear red, but dilute to yellows or yellow-
browns. Allen recommends the addition of the acid to the
residue previously evaporated to dryness, to avoid the heating
produced by the combination of the acid with water, but in the
table the reaction with liquid is used. The crimson reaction is
also given by the “ non-tannin ” residues of many catechol tannins,
possibly from the presence of catechins. If the residue is rubbed
up with a few c.c. of alcohol, a red colour after filtration denotes
the presence of non-tanning matters yielding “reds,” and a portion
evaporated to'dryness, or nearly so, will give a crimson coloration
with sulphuric acid. This reaction was suggested by the late
J. E. Hughes as a test for quebracho in oak-wood extract, and
has proved very useful. Of course, it might be caused also by
the presence of other catechol tans. '

Lime Water is a most useful reagent, being very varied in
the colour of the precipitates it produces, and the changes they
undergo by oxidation. The reaction is best seen in a shallow
porcelain basin, and time must be allowed for the changes to
take place. It may be safely added in considerable excess.
Allen recommends the use of a nitrometer for this and similar
experiments, as the reaction can first be studied in absence of
oxygen, and then air admitted.

Similar colour-changes occur in Payne and Parker’s lime-
water process of tanning estimation, and are utilised by them as
a means of distinction between different materials.

General Remarks—The infusions are assumed to be of about
the strength used in determinations by hide-powder, viz. about
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0°'6 grm. of dry soluble matter in 100 c.c.; but moderate diver-
gences from this do not influence results. Of course, reactions
which are feeble may be imperceptible with very dilute solutions,
and, on the other hand, strong solutions will sometimes give
precipitates where only colorations are noted with weak ones.
As some of these reactions are dependent, more or less, on the
concentration of the infusion employed, it is desired to experi-
ment in the first instance with known materials in order to acquire
a little experience of the exact conditions.

In some cases these tests are sufficient to detect the con-
stituents of mixtures, but usually this will remain impossible
till further and more distinctive reactions are discovered.

They can, of course, be applied to the recognition of tannages
when excess is present in leather, which can be dissolved out
with water ; but the effect of dilute alkalies and other solvents
on the reactions demands further experiment. For this purpose
Andreasch’s alcoholic reactions (pp. 164—167) are often more
suitable. '

There are one or two special reactions of tanning materials
which cannot be conveniently included in the tables, and may
therefore be named here. The bark of chestnut-oak (Q. prinus)
contains a substance which possesses a strong blue fluorescence,
especially in alkaline solution. Itis well seen after precipitating
the tannin and colouring matter with ammoniacal zinc solution.
A somewhat similar body, &sculin, is contained in the bark of
the horse-chestnut.

Dieterich® has shown that if an alcoholic solution of gambier
from Nawuclea (Uncaria) gambir be rendered strongly alkaline
with sodium or potassium hydrate, and shaken with petroleum
ether, the latter takes a powerful green fluorescence. The same
result is obtained with an wufiltered aqueous solution to which
alcohol is added, but not with a clear filtered solution, or with
an unfiltered one without alcohol. It is, therefore, due neither
to the tannin nor the catechin, but to some body soluble in
alcohol, but insoluble in water. Dieterich believes that this is
quite characteristic of Nawuclea gambir, and this accords with
the writer’s experience, though Eitner states that he has obtained
the reaction from a sample of Acacia catechu, which he believes
to be genuine. According to Dieterich the fluorescence is due to

* Pharm. Central-H.N.F., 1896, xvii. p. 855. Ber. Pharm. Ges., 1897, vii.
p- 153
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a substance which can be shaken out of the petroleum ether
with dilate sulphuric acid, and recovered by neutralisation and
shaking out with ether, but which gradually decomposes, leaving
a red phlobaphene-like body.

Andreasch, in his pamphlet on *“ Sicilianischer Sumach und
seine Verfilschung,” * gives special tests for Pistacia lentiscus and
Tamarix africana, materials which are constantly employed as
sumach-adulterants. He states that if a concentrated solution
or small fragments of potassium cyanide be added toan infusion
of tamarix alone or mixed with sumach, and not containing at
most more than 0*75 per cent. of tannin, a dirty yellow flocculent
precipitate is obtained on stirring, which settles rapidly ; but no
precipitate or only traces are obtained where pure sumach alone is
used. The potassium cyanide must be pure and without excess
of potassium carbonate. In the case of solutions containing
Pistacia lentiscus, 40 per cent. formaldehyde solution added drop
by drop in small quantity to the neutral infusion of the sumach
produces a light ochre yellow precipitate which occurs even in
the presence of great quantities of sumach, and renders possible
the detection of small quantities of pistacia with certainty. The
solution first becomes turbid, and then deposits a gelatinous pre-
cipitate, which is insoluble in cold water. The present writer has
not succeeded in obtaining very decisive results with these
reagents, but any considerable admixture of pistacia may be
detected in pure sumach by the bromine-water test with which
the catechol-tannin of pistacia yields a precipitate, while the
pyrogallol-tannin of pure sumach does not, though on long
standing it becomes turbid from oxidation-products. On the
microscopic examination of sumach, see p. 407.

Ferdinand Jeant suggested the detection and even the
titration of chestnut-wood extract in mixture with oak-wood by
the fact that when iodic acid is added to an infusion of chestnut-
wood extract, a certain quantity of iodine is liberated, which can
be removed by shaking the mixture with a little bisulphide of
carbon, and recognised by its violet colour, or titrated in the
usual way with thiosulphate. Jean stated that this reaction was
not given by oak-wood, quebracho, and a variety of other tannins ;
but Mr. Blockey and the writer observed distinct liberation of
iodine, not only with oak-wood extracts of the best marks, but

* ¢ Der Gerber,” Vienna, 1898.
t Collegium, 1902, i. p. 283 ; and 1903, ii. pp. 25 and 95.
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with infusions made direct from well verified specimens of oak-
wood (both English and Slavonian) in the laboratory. It would
be interesting, however, to inquire further into the causes of this
reaction.

Formaldehyde reacts on phenolic bodies in the presence
of a mineral acid such as HCI giving condensation products of
the type HO.C¢H,.CH,.C¢H,.OH, and interesting results have
been obtained by applying this reaction to the tannins. Jean
and Frabot* have stated that this reaction causes a complete
precipitation of all catechol tannins when the solution is dis-
tinctly acid, and that no pyrogallol tannin is precipitated under
these circumstances, though there is a partial precipitation when
the solution is neutral. They have proposed, therefore, to
estimate the catechol tannins in tanning materials by weighing
the precipitate produced, and to detect the adulteration of pyro-
gallol tanning matters with materials containing catechol tannins,
e.g., sumach with pistacia. Stiasny t and Nierenstein,} however,
have not been able to confirm the value of this reaction, as they
have obtained precipitates with pyrogallol tannins alone.

A method of distinguishing tanning materials which is
sometimes useful, though not generally sufficient for definite
identification, is that of dyeing the mordanted striped cotton
used for a similar purpose by dyers. Various patterns are in
use, usually mordanted with iron and alumina, and mixtures
of the two, the iron giving blacks of varying shade with the
tannins, and the alumina showing the presence of mordant
. colouring matters such as quercetin (p. 142). In this connection
it must be remembered that ellagic acid dyes a feeble yellow.
The strips are conveniently boiled for 15 minutes with solutions
of the tannins of a similar strength to thosc used for analysis,
In some cases a further distinction may be obtained by boiling
a portion of the dyed strip in a o'I per cent. solution of
potassium bichromate.§ Mordanted strips have also been pre-
pared with a much greater variety of metallic salts, and conse-
quently a greater variety of colour reaction, but the writer has
not been able to obtain these commercially.

* Collegium, 1906, p. 435 ; and 1907, p. 188.

t Gerber, 1905, p. 187. 1 Collegium, 1907, p. 52.

§ In ordinary dyeing of unmordanted cotton with cutch, the material is boiled for
an hour with about 10 grm. of cutch and 1-2 grm. per liter of copper sulphate,

allowed to cool in the solution, and * saddened” by boiling with bichromate
solution of $-1 grm. per liter.
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TABLE 1.

PRELIMINARY CLASSIFICATION OF TANNING MATERIALS.

Crass 1. (CATECHOL TANNINS,)

Br. Water produces a Precipitate.
Iron-Alum gives Greenish Blacks.

Copper Sulphate followed by Ammonia in Excess.

Precipitate redissolves. Precipitate does not redissolve.
la 18
TasLE 1L TasLe IIT.

Crass 2. (MIXED AND DOUBTFUL.)

Br. Water produces a Precipitate.
Iron-Alum gives Blue or Purplish Blacks.

TABLE IV.

CrLass 3. (PyroGaLLoL TANNINS.)

Br. Water produces no Precipitate.
Iron-Alum gives Blue Blacks.

TABLE V.,
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The following table is given by Andreasch * for alcoholic
solutions, and has been found useful at the Vienna Institute for
the examination of alcoholic extracts of leathers.

The reagents

Reagent. Spruce Bark. Oak Bark. Willow Bark. | Mimosa Bark. | Hemlock Bark.| Oakwood.
Water s s Orange | Yellow-white Greenish Yellow-white Dark red- Light yellow
turbidity. pp., partly turbidity. pp-, brown brown pp. turbidity.
soluble. solution.
Hydrogen Asabove. | Yellow-white Apple-green pp.| As above, Light brown |Yellowish-white
peroxide. Pp-, pattly Pp. and soln. | flocculent pp.
soluble.
Hydrochloric Red-brown | Yellow-brown | Yellow-white | Asabove. [Dark brownpp.| Pale buff
acid. solution. PpP-, brown | pp., rose-red and solution. | floceulent pp.
solution. zone,
Sulphuric acid, | Rust-brown pp.!| Yellow-white | Yellow-brown | Slight rust- Dark rust- | Brown pp.and
and solution. Pp., brown pp., cherry- brown pp., | brown solution. solution,
solution. red zone. dark solution.
Nitric acid Yellow-brown | As above. Yellow pp. As above. | Red-brown pp. Yellow

Acetic acid

Ammonia

Chloroform .

Ethyl-ether .
Acetic ether .
Benzol
Petroleum

ether.

Carbon
disulphide.

Naphthol . .

Glycerin

Tartaric acid .

Citric acid
Oxalic acid .

Trinitro-phenol

pp., dark
brown solution.

Yellowish

white pp.

Brown pp.,
partly soluble
in excess.

Yellow-red
flocculent pp.,

Light brown
PP.
Turbidity
Reddish-brown
sediment,

Ether not
coloured.

CS, yellow.

Brown pp. and
solution.

Yellow
flocculent pp.
Whitish-yellow
turbidity.
As above,
As above,

Yellow pp.
and solution.

brown solution,

Dark yellow
Pp., soluble
in excess.
Yellow-white
pp., yellowish
solution,
Light yellow pp

Brown
flocculent pp.

Ether pale
yellow.

CS; yellow.

Brown pp. and
solution.

Slight whitish-
yellow pp.

As above.
As above.

and solution.

Turbidity.

Whitish
turbidity.

CS, green.

Yellow-brown
PP., dark red-
brown solution.
Greenish-white
flocculent pp.
Yellow-green
flocks.

As above.

As above.

Violet-red pp.,
soluble in
excess.

Grey-violet pp.

Reddish-black
layer below.

Brown pp. and
solution.

Yellow-biown
PP

As above.

As above.

CS, pale yellow.

and solution,

Dark brown
PP., insoluble
in excess.

Brown pp.
Brown layer

below.

Ether faint red.

Red flocculent

pp.
Red-brown pp.

As above.

Voluminous
red-brown pp.
Yellow-brown

PP

!
|
|
|
|
|
flocculent pp. |
|
4

Pp. soluble to
red solution in
excess.

Dark brown ‘
deposit.

Slightyellowish-
white pp.

Slight red-
brown pp.

Yellow-brown
PP., dark
solution,

Slight
turbidity.

Whitish-yellow

flocculent pp.

As above.

As above,

* ¢ Gerber,” 1894, pp. 195, 207.
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were always added in excess, and the mixture allowed to stand
overnight. Where spaces are left blank it is understood that
no visible change takes place.

Quebracho. ‘ Valonia.

Myrobalans. Divi-divi. Sumach. Knoppern. ( Birch Bark.
Turbidity. ! Dirty yellow, Dirty yellow | Marked yellow-| Dirty green pp.| Yellow white | Yellow-brown
1 | turbid over turbidity. brown tur- PD- turbidity.
dark zone. bidity.
Brown yellow | As above. Yellowish pp. | Yellowish pp. Green pp. As above. | Rusty-brown
flocculent pp. ' pP-
As above. Light brown | Light brown. \Vhitish-yellowl Dark green pp.| Asabove. | Yellow-brown
turbidity. turbidity. Pp- | Pp-
Dark red Slight yellow | Slight yellow- | Dirty reddish fLight green pp., Yellow-grey pp.  Dense red-
solution, | pp-, pale brown pp- | green solution. | brown pp.,
| solution. turbidity. | dark solution.
Slight pp., | Slight pale pp., Dull red Dirty brown | Dark green pp.| Dark yellow ' Red-brown Pp-
red brown | dark solution. coloration. turbidity PP ‘ ot
solution. | . | ‘
25 Yellowish Dark yellow Light brown | Dull dark Yellow-brown i
! turbidity. turbidity. turbidity. | green pp. Pp-
Dark red- Yellowish pp., | Yellowish pp., |Pale yellow pp., Pale green pp., Dense greyish- Dark flesh-red
brown pp. ' partly soluble, | turns brown, |partially soluble darkens. white pp., | pp., soluble in
¢ reddens. soln. in excess, | in excess, turns reddening. ? excess,
i brown.
Solution pale | Yellow-grey | Yellow flocks. | Yellow-brown | Slight green | Dense yellow- | Slight brown
yellow, above flocks. flocks. ‘ deposit. white pp. | PP-
red-brown. |
P oo | [ | Grey-brown pp..  Trace flesh-
| ’ | coloured pp.
. Dirty white Pale yellow | Rust-brown pp.| Slight yellow | Reddish-yellow,

dark brown.

ense yellow |
flocks at zone. 'coloured, yellow

flocks.

CS, scarcely

flocks at zone.

Vellow-brown | Slight yellow- | Slight yellow-

pp., dark
solution.

brown pp.

‘ . pps turning
|
l

brown pp.

. yellowish pp. | yellow flocks.

. Yellow-brown |Yellow-grey pp.' Yellowish pp. | Yellowish pp.

flocculent pp.,
| dark red soln. |

As above. As above. As above. As above. As above.
1 As above. Sulphur yellow | As above. ‘ Yellow-brown As above.
pp- | pp- . |
ot | Brown-yellow | Yellow-brown —Turbidity first Apple-green pp.
L pp., turns pp- turns | reddish, then |
lemon, yellow. yellow.

|

Long standing | Long standing \ Long standing | Long standing

pp. on long
standing.

|
i

CS, scarcely = CS, coloured
coloured, yellow! green.
flocks at zone.
Slight yellow-
brown pp.

Green-brown
pPp-

slight turbidity.i dark green pp.
Greenish pp.

flocks.

Ether yellow- e
green,

CS, coloured
yellow-green.

Slight greyish | Yellow-brown

pp. on long ' pp., dark red
stanaing, solution.
Slight turbidity.. Turbidity.
Yellow-green Light rust-
PP- ' brown pp.
As above. As above.
As above. As above.
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TABLE FOR ALCOHOLIC

Reagent. Spruce Bark. Oak Bark. ‘ Willow Bark. i Mimosa bark. | Hemlock Bark.| Oakwood.
S —— — ‘ - . = .
Salicylic acid . | Light-brown | Yellow-white ;Greenish~yellow| Slight brown Bulky red- | Yellow-white
PpP- flocculent pp. . pp- PP. brown pp. pp.
| | |
Tartar emetic . | Fawn-coloured | Greyish-yellow | Greenish-white | Violet-red pp.  Dirty brown As above,
PP- PP | pp., deep green PP
| layer above. |
Potassinm Yellow-white | Vellow-white = Green white = Flesh-red pp. Red-brown pp.| Slight white
ferro-cyanide. | PP. PpP- PP pp.
Potassium Yellow-brown | Yellow-brown | Leaf-green pp. | Chocolate pp. Red-brown pp.,| Yellow-white
sulphocyanide. | flocculent pp. | flocculent pp. | sol. on heating. |pp., pale yellow
sol. on heating. | solution.
Potassium Pale-brown Pale-brown | Leaf-green pp., As above. Pp. brown
cyanide. | turbidity. turbidity. yellowish sol. below, yellow-
white above.
. - . : >
Lime . Yellow-brown | Pp. yellow- | Dirty sulphur- |Violet-blue pp., Violet-brown Pp. white
pp., glittering brown ' yellow pp. brown above. pp., dullbrown| below, above
on surface. below, choco- ’ | and glittering blue, later
late above, above. brown,
yellow solution. |
Baryta Dirty yellow As above. As above. Blue-green pp.,  As above. Blue pp.
Pp., yellow- brown above. turning brown,
white solution, glittering red-
brown above.
Strontia . | Asabove. As above. As above. Dirty blue pp. As above.  |Pp.white below,
i blue above,
’ . turning brown.
Magnesia . . ! Light-brown Dirty white | Violet-red pp., Grey pp. Red pp Yellow-white
| pp- PP- | green solution. Pp-
Iy i 1
Potassium | Dull brown | Yellow-brown | Bright yellow = Brown pp. Brown pp. | Green-brown
chromate. ‘ PP- pp- 1 PP- o pp., turning
| brown.
1
Mercuric Light red Vellow-white ;| White pp. | Light reddish- Blood-red pp- | Yellow-white
 chloride. brown pp. turbidity. | | blue pp. flocculent pp.
|
Mercurous | Dirty grey- Pp. reddish Dirty yellow | Dirty brown ' Red-brown pp.,| Brick-red pp.,
nitrate. brown pp. | yellow turning | pp. on long PpP- turning dull | turning brown-
brown. standing. brown. red or yellow-
. - grey.
. i
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\OLUTIONS—continued.
Quebracho. Valonia. Myrobalans. Divi-divi. Sumach, | Knoppern. I Birch Bark.
0 T S ' =
Brownish Greyish- Yellowish Yellow-brown | Green pp. | Greyish-yellow | Pale rust-browa
yellow pp., yellow pp. Pp. PP. pp- ' PP
dark red-brown
liquid. |
Fawn-coloured Pale Cream-coloured Ochre- Yellow-green | Dirty white : Bulky pale
PP- grey-yellow Pp- yellow curdy curdy pp. curdy pp. | rusty pp.
pp. Pp- |
Pale red-brown Pale Cream-yellow | Orange pp. | Pale-green pp. | Yellow-green ! Bulky pale
Pp- yellow pp. PP PP | TR,
Yellow-grey Yellow pp. Dark yellow Green pp. Orange yellow |  Turbidity.
pp. Pp- PP-
Slight pp. As above. As above. As above. As above. | Curdy reddish- | Yellow-white
amaranth-red white pp., | pp., dull brown
solution. darkens on | and glittering
standing. above.
Violet-brown Pale Bright yellow Cream- Green pp, Olive-brown | Flesh-red or
pp-, dark brown| chocolate pp. | pp., colourless | coloured pp., |turning yellow. PpP- | scarlet pp.
above. solution. | which darkens.
Grey-white pp.,|  As above.. As above. As above. Green pp., Green pp, | Grey-whitepp.,
glittering turning turning grey- | brown above.
chocolate-brown sulphur-yellow.| brown over- |
above. night.
As above. Chocolate pp., | Dirty green | Pale red pp., As above. As above. l Greyish-white
turning black. | pp., turning dirty grey | pp., vermilion
brown. above. above.
) P
Violet pp., Yellowish Yellowish Grey-brown Dirty green | Yellow-white | Pale flesh col.
dark solution. Pp-. PP- PP- mass. ‘PP \ PP-
Dark, dull | Vellow-brown | Dirty brown | Dark-brown | Dirty brown |Dark red-violet ‘Chestnut-brown
brown pp. Pp- pp- pp- pp- Pp., turning | ppP-
chocolate. |
t |
Dark Dirty yellow | Yellow-brown | Brown pp., | Dirty greenpp., Yellow-green | Reddish-yellow
turbidity. pp., partly pp. solution | mostly sol. in | part soluble m | pPP- PP-
soluble. in excess. excess. | excess, turns |
yellow.
Chocolate pp. | Orange-yellow | Orange-yellow | Orange ye1.10w Grass-green pp. |  Orange pp., Grey pp.
on long Pp., turning pp., turning pp., turning turning grey.
standing, dirty grey. dirty yellow. | dirty yellow.
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SECTION® XS

ANALYSIS OF TANNING MATERIALS. HISTORICAL
NOTICE.

THERE are few organic determinations which have been the
objects of more varied suggestions and proposed methods than
the estimation of tanning matters, and unfortunately it cannot
be said that the problem is yet solved in a wholly satisfactory
manner, although, for commercial purposes, the present methods
have proved extremely useful. Of the many proposed, only
those depending on the indirect weighing of the tannins absorbed
by hide, and on its volumetric estimation with an oxidising
solution of permanganate in presence of indigo, have held their
own as practicable, accurate and suitable for general use under
the test of experience, and in most cases the indirect gravimetric
method is to be preferred to every other, though there are excep-
tions for which the permanganate volumetric method is still
useful.

Before proceeding to describe the modern methods in detail,
a short sketch of earlier processes is desirable, if only to save
younger chemists the labour of re-inventing what has already
been tried without success.

Taking first the methods dependent on precipitation: the
oldest is that of Sir H. Davy,* which has been somewhat im-
proved by Stoddart and others, and which consists in precipitat-
ing with gelatin, and drying and weighing the precipitate. This,
with many materials, is almost impossible to filter off as directed
by Davy; but by the use of a little alum, and by pouring hot
water on the precipitate, the latter becomes curdled into a mass
which may be washed by decantation. As the precipitate con-
tains varying quantities of tannin, according to the strength of
solution employed and the amount of washing it has received ;
as it is soluble in excess of gelatin solution, and almost if not
quite impossible to wash free from uncombined gelatin and alum,
the method can hardly lay claim to much accuracy. A some-

* Phil. Trans., xciii. p. 233.
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what better one (Warington, Miiller) depends on employing a
standard solution of gelatin with a little alum, and determining
the end of the reaction by filtering off a portion of the tanning
solution, and ascertaining if another drop of the reagent pro-
duces a further precipitate. This method is very tedious, the
end reaction is difficult to hit, especially as the neutral solution
gives precipitates with &o#% gelatin and tannin; the standard
solution is very unstable, it is inapplicable to many materials,
and especially to gambier and cutch, because the mixture will
not filter clear, and its results are irregular, probably from the
power of tannin to combine with various proportions of gelatin.
Saturating the solutions with ammonium chloride gives in some
cases somewhat better results. Attempts to use basic aniline
colours (which are also precipitated by tannins) as indicators, by
adding them to the gelatin solution, have failed from the fact
that, on the one hand, the precipitation is with many tannins
imperfect, and on the other, that the colour is absorbed by the
precipitated gelatin tannate. Some tannins can be fairly esti-
mated by precipitation with a standard solution of a basic colour
such as benzaldehyde green in presence of sodium acetate, but
the method is not of general applicability nor very satisfactory,
and at best is rather adapted to the dyer than the tanner.

The tannins are precipitated by most alkaloids, and Wagner *
employed a standard solution of cinchonine sulphate coloured
with rosaniline acetate as indicator, but the results proved much
too low, and quite unreliable.

Messrs. Trotman and Hackford t have recently proposed a
direct gravimetric method for the analysis of tanning materials,
in which extraction is made with alcohol in an electrically
heated Soxhlet apparatus, the partially evaporated extract being
diluted with water, the resinous matters filtered off, and tannin
estimated in the filtrate. 25 c.c. of this is placed in a 250 c.c.
flask and diluted somewhat with water. 0’25 grm. of strychnine
is then weighed out and dissolved in about 50 c.c. alcohol. To
this an equal volume of water is added, the mixture cooled and
added to the tannin infusion, the contents of the flask being
diluted to the mark and thoroughly mixed. The precipitate is
collected in a weighed Gooch crucible, dried first in air, and
then in the vacuum oven. Gallotannic acid and sumachs yield

* Zeit. Anal. Chem., v. p. I. t Journ. Soc. Ch. Ind., 1905, p. 1098.
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good results, a definite compound, C,H,,N,O, . C,;H,,0,
(strychnine tannate) being obtained for weighing. With most
tanning materials, however, lower results are obtained than by
the hide powder method, much lower indeed than can possibly
be accounted for by the non-estimation of astringent non-tannins,
showing clearly that all tannins are not precipitated by strych-
nine. On the other hand, the fairly high results obtained with
materials containing no gallotannic acid show that some other
tannins can be estimated in this way.

Messrs. Payne and Parker have also worked volumetric-
ally with morphine, brucine, and some of the artificial aromatic
bases with some success. Many metallic salts have also been
used as precipitants, both gravimetrically and volumetrically,
but in most cases without satisfactory result, because either the
precipitation was incomplete, or other substances, such as gallic
acid and colouring matters, were carried down with the tannins.

A further difficulty arises in all these methods from the fact
that the tannins form a class with very considerable chemical
diversity, and that therefore methods which give accurate results
with one tannin, either fail to act, or give quite different results
when applied to another. It is,indeed, a universal fault of these
methods that even if for one tannin the results are constant, no
direct comparison is possible between materials containing
tannins of different classes. This difficulty is to a large extent
overcome by the gravimetric hide-powder method, which gives
the actual weight of any tannin absorbed by hide, and thus
allows of at least approximate comparison of the tanning value
of totally dissimilar materials.

Among the processes based on the precipitation with
metallic salts which gave useful results must be mentioned that
of Gerland,* in which a solution of antimony potassium tartrate
is used in conjunction with ammonium chloride, to assist the
settling of the tannin precipitate and prevent the co-precipitation
of gallic acid. The process was improved by Richards and
Palmer,t who substituted ammonium acetate for the chloride,
adding 4 per cent. of a concentrated solution of the salt to the
tannin solution, and employing 6°730 grm. per liter of the
antimony potassium tartrate (previously dried at 100° C.), of

.
-

* Chem. News, viii. p. 54.
t Amer. Journ. Science and Arts (3), xvi. pp. 196, 361.
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which solution 1 c.c. corresponds to 0'o1 grm. of digallic acid.
The end of the reaction is determined by adding a drop of
sodium thiosulphate solution to a little of the clear supernatant
liquid placed on a white tile, and warming when the formation
of red antimony sulphide indicates the least excess of the
reagent. The method gives good results with sumachs and
other materials containing gallotannic acid, but is somewhat
tedious, and does not act well with many catechol-tannins. The
tartar emetic solution is apt to be spoiled by fungi, and keeps
better if an antiseptic, such as phenol or a trace of mercuric chlo-
ride, be added. Copper acetate,* with subsequent addition of
ammonium carbonate to remove gallic acid, also gives fair results
gravimetrically with gallotannic acid and some other tannins,
but it is not applicable to the large class (see p. 158) of which the
cupric salts are soluble in ammonia. This criticism also applies
to the use of copper salts suggested by Darton to remove tannin
for estimation by the permanganate process, which will be
alluded to later, since in particular cases it enables the propor-
tions of different tannins to be determined quantitatively in
mixture.

The use of ammoniacal solutions of zinc for the same purpose
by Carpene f and others was carefully examined by Kathreiner,}
but without satisfactory results.

Another class of methods is based on the amount of some
oxidising substance required to destroy the tannin present. The
simplest of these in theory is that of Mittenzwey and Terreil, in
which a solution of tannin, rendered alkaline with caustic potash
or soda, is allowed to absorb oxygen from a known quantity
of air, the loss in volume of which is measured.§ The absorp-
tion is slow, and the method difficult to carry out, and subject to
several sources of error. In a more recent modification || the
oxygen is furnished by a known quantity of hydrogen peroxide
acted upon by lead peroxide in alkaline solution, but this
appears to have no important advantage over the original
method. Vaubel and Scheurer 9 suggest modified apparatus,

* H. Fleck, Bay. Kunst und Gew. Blatt, 1860, p. 209.

+ Ding. Polyt. Journ., 1875 (216), p. 452 ; 1876 (219), p. 471.

} Ding. Polyt. Journ., 1878 (227), p. 481.

§ Mittenzwey, Journ. f. Prakt. Chem., ii. (£864) p. 815 ; Terreil, Compt. Rend.,
lxxviii. (1874) p. 9g0.

II A. Thompson, Compt. Rend., 1902 (cxxxv.), pp. 689-691 ; Colleg., 1902, p. 334-

¥ Colleg., 1907, p. 96.
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and give interesting test analyses, but admit that the method
is not ripe for practical adoption. None of these methods make
any distinction between tannins and other astringent products
which do not tan, such as gallic acid, so that a second estima-
tion must be made after removal of the tannin, and the latter
determined by difference. Commaille * oxidised with a known
quantity of iodic acid in presence of a trace of hydrocyanic acid,
and determined the excess of undecomposed iodate. The pro-
cess was troublesome, not very exact, and, like all other oxida-
tion processes, involved a separate estimation of gallic acid.
The power of iodine to enter into combination with tannin has
also been utilised by F. Jean,t who uses a standard solution of
iodine, which is titrated with the tannin solution rendered
alkaline by sodium carbonate, As the colour of the mixture is
too dark to allow of the starch reaction being seen in the usual
way, minute drops are brought in contact with a picce of filter
paper rubbed with starch. The method gives fair results with
some tannins, but does not distinguish gallic acid from tannin
(see p. 230).

The use of potassium permanganate for the estimation of
tannins was first proposed by Monier,} but is not practicable
in the simple form of direct addition by permanganate, from
the fact that the reaction proceeds very slowly, and in the
cold never reaches its theoretical limit. Gantter§ has since -
shown that it is possible to obtain useful results by titrating in
boiling solution by a method which does not differ in principle
from Monier’s. The original method of Lowenthal | introduced
the valuable improvement of adding indigo solution to the
tannin solution to be titrated ; the indigo acting not only as
an indicator, but controlling the oxidation of the tannin within
certain definite limits. Lodwenthal first assumed that only tan-
nins were attacked, but as gallic acid is also similarly oxidised
by permanganate, a double titration was found to be required
where both were present, the tannin being removed in the second

* (Compt. Rend., lix. p. 398.

t TIbid., Ixxxii. p. 982 ; Berichte Deut. Ch. Ges., 1877, p. 430.

1 Compt. Rend., 1858, p. 577.

§ Zeits. fiir Angew. Chem., 1889, p. 20; cp. also Procter, Journ, Soc. Ch. Ind.,
1890, p. 260. ‘.

Il Journ. Prakt. Chem., iii. (1860) p. 150.
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case, and several proposals have been made to effect this object ;
but from the time Lowenthal published his method of precipi-
tating the tannin by gelatin in the presence of an acidified salt
solution,* to the introduction in 1886 of the indirect gravimetric
hide-powder method, scarcely any other method than this, with
removal of tannin either with gelatin or hide-powder, was in
practical use for the estimation of tannin, and in certain cases it
is yet the best available.

The “indirect gravimetric method ” first took practical form
at the Vienna Research Station for ULeather Industry, and
was published in its organ ‘Der Gerber’t by F. Simand and
B. Weiss, who first applied it to extracts only, but afterwards,
in conjunction with Eitner and Meerkatz,} described its applica-
tion to solid materials. Earlier methods, which to some extent
involved the same principles, were those of Hammer§ and
Miintz and Ramspacher.| In the former of these the specific
gravity of a dilute tanning infusion was taken with a very deli-
cate pycnometer or areometer before and after the tanning matter
had been removed by hide-powder. A special table gave the
amount of gallotannic acid which corresponded to the difference
of specific gravity, according to which 1 per cent. solution of
gallotannic acid has a specific gravity of 1-0040 at 15°C.; and
as at least up to 5 per cent. specific gravity is proportional to the
quantity of tannin, the percentage may be obtained by dividing
the decimals of the specific gravity by 0°004. Extreme accu-
racy in taking the specific gravity and in the temperature of the
solution is required to obtain even approximate results, and deter-
minations are still wanting of the specific gravity of solutions of
other tannins than gallotannic acid. In Miintz and Ramspacher’s
method the liquid was detannised by filtering under pressure
through a piece of raw hide, and the tannin determined either as
in Hammer’s method, or by evaporation. The weak point of
the method is that if sufficient of the tannin infusion is passed
through the hide to insure the expulsion of the water contained
in it, the liquid is rarely completely freed from tannin. In

* Zeit. Anal. Chem., 1877, pp. 33 and 201 ; see also p. 223.

+ ¢Gerber,’ xii. (1886), pp. 1, 26, 35 ; Ding. Polyt. Journ., cclx. p. 564.
1 ¢ Gerber,’ xiii. (1887), p. 2.

§ Ding. Polyt. Journ., xlix. p. 300.

|| Compt. Rend., Ixxix. p. 300.
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experiments by the author the results, even with the greatest
care, varied for the same liquor by 10 per cent. of the total
tannin present.

Simand and Weiss’s method was originally carried out as
follows: The “total soluble” in a clear filtered solution of the
extract was determined by evaporation of 100 c.c. of the solution
to dryness in a platinum basin, and subsequent drying at 100°C,,
the solution being of such strength that this residue amounted
to 1-0-1'2 grm. 250 c.c. of the same solution was treated in a
dry conical flask with 1 grm. of the dry purified hide-powder,
and allowed to digest for several hours in a cool place, during
which it was frequently and vigorously shaken. It was then
filtered through linen, 2 grm. more of the hide-powder added,
and the digestion continued for 12-16 hours more, when a
further 2 grm. of the powder was added and similarly digested.
At the end of this time the liquid was filtered through paper,
and 100 c.c. of the perfectly clear filtrate evaporated. The
residue consisted of “soluble non-tanning matter,” and when
deducted from the “ total soluble,” left “ tanning matter absorbed
by hide.” If the whole powder were added at once to a com-
paratively strong tanning solution, the surface would become
tanned and no longer capable of rapidly absorbing small traces
of tannin. By adding the powder successively, the greater part
of the tannin is absorbed by the first portions of powder, leaving
only traces to be absorbed by the last addition. With carefully
purified hide-powder, free from soluble matter, the method is
capable of giving good results, but is surpassed by more recent
modifications.

Soon after Simand and Weiss’s publication, it occurred to
the writer* (suggested, perhaps, by Miintz and Ramspacher’s
method) that the determination might be still more rapidly
effected by the use of a cylindrical filter packed with hide-
powder, through which the tannin liquor was slowly percolated,
so that most of the tannin should be absorbed by the first por-
tions of the filter traversed. This method was at once adopted
by the Vienna Research Institute, with some improvement in
the form of the filter,} and continued to be the standard method
of the International Association of Leather Trades Chemists
up to the present year (cp. p. 211). s

* Journ. Soc. Chem. Ind., 1887, p. 94. 1 *Gerber,’ 1837, p. 65.
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Moxe recently a method has been published,* by Dr. Yocum,
which reverted to Simand and Weiss’s original system, but
shortened the digestion required to about ten minutes by
vigorous mechanical shaking. The results agree very closely
with those of the filter, but are generally somewhat lower in
tannin. With some tanning materials, and especially with
gambiers, the differences are considerable. This method with
modifications was adoptediby the American Association of Official
Agricultural Chemists, but has been superseded by that described
on p. 216, as it was found so difficult to prepare a pure hide-
powder of constant absorptive power and really free from soluble
organic matters, that many chemists have turned their attention
to the use of powders made insoluble by the use of chrome
salts, and in one form or another these have been generally
adopted. Powders made insoluble with formaldehyde have
also been tried, but apparently become unabsorptive on keeping.

No historical notice of methods of tannin estimation would
be complete without allusion to that recently introduced by
Parker and Payne t and dependent upon an estimation of the
total acidity of the tanning infusion with lime or baryta solution
by a method not dissimilar in principle to the determination of
the saponification value of a fat (p. 304). The process has not
proved wholly satisfactory, but the special information which
it aims at giving is so important that it is described in some
detail in Section XIV.

The work of Prof. Wislicenus} with “fibroid alumina” must
also be referred to, since, although in the writer’s opinion it is
not likely to replace the use of hide powder, it presents certain
advantages which would have entitled it to very favourable con-
sideration had the hide-powder methods not been previously
established in technical use. When metallic aluminium is moist-
ened with a mercuric salt, such as mercuric chloride, metallic
mercury is reduced, and a galvanic couple is produced, which,
under the influence of the air and moisture, oxidises the metal
to alumina, which appears as a sort of down on the surface, of a
fibrous nature, and remarkably like a growth of some form of

* ¢ Leather Manufacturer,” 1894, No. 9 ; Journ. Soc. Chem. Ind., 1894, p. 494.

t Journ. Soc. Ch. Ind., 1904, p. 648.

1 Collegium, 1904, pp. 204, 215, 223, 225; 1905, pp. 85, 94, 213, 230; 1906,

PP 77, 87, 316, 321; 1907, pp. 157, 169 ; Zeits. fir Angew. Ch., 1904, No. 25 ;
Zeits, fiir Anal. Ch., No. 2.
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mould. This constitutes the “ sprouted,” or “fibroid ” alumina,
which is employed by Wislicenus as substitute for hide-powder,
and which, from its considerable adsorptive power and large
surface, is capable of taking up from solution all tannins, and
many of the substances which are usually classed as non-tanning.
In the first instance, considerable difficulty was experienced in
producing this material of constant and reliable quality ; but
detailed instructions have been given by Wislicenus, and the
powder is now to be obtained of satisfactory quality from Merck.
It has the advantage over hide-powder that it can be used
repeatedly, the carbon being destroyed by heating to something
below the point of redness; but strong ignition lessens or
destroys the adsorptive powers. Being also entirely incom-
bustible and inorganic, it is possible to determine the organic
substances absorbed by it by elementary analysis of the powder
after use. The substance is employed in a filter-tube, which,
owing to the smaller quantity, only 2:5 grm. employed, has
been considerably modified from the form used for hide-powder,
and in its latest development is described in Collegium, 1907,
p. 172. The results obtained show good concordance in them-
selves, and do not differ very largely from those with chromed
hide-powder, but the absorption is commonly somewhat greater
and the non-tannins consequently lower. It is also by no means
certain that the selective absorption of the alumina is for the
same “ non-tannin” substances as that of hide-powder, since its
adsorption is mainly a surface action, while in the case of hide-
powder there is little doubt that chemical affinities also come
into play. It may be mentioned that instead of the candle-filter,
Prof. Wislicenus prefers to use a perforated porcelain tube,
covered with several thicknesses of filter paper, for preparing
his solutions.

A method mentioned by Dr. Baum* at the Frankfort Con-
ference of 1906, but not since further described, depends on
somewhat similar principles to that of Prof. Wislicenus. The
tannin solution to be detannised is placed in an aluminium basin
and submitted to electrolysis with a current of low voltage, the
tannin being precipitated in combination with alumina.

* Collegium, 1906, p. 373. ’
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SECTION XI.

SAMPLING, GRINDING AND EXTRACTION OF TANNING
MATERIALS.

BEFORE proceeding to describe the practical analysis of tanning
materials, careful consideration must be given to the drawing and
grinding of samples, and the extraction of the tanning matter
in a proper form for analysis, as in many cases greater errors
arise in these preliminary operations than in the analysis itself.
In the case of extracts, samples should be drawn by a sampling
tube by which a portion of extract can be withdrawn from 6-10
casks of the parcel to be analysed. These portions are carefully
mixed, and 4-6 oz. at least transferred to a clean bottle. A
suitable sampling tube is designed and sold by Mr. Arthur Priest-
man, of 275 Burlington Street, Liverpool, consisting of a small
reservoir closed by a valve operated by a rod passing through a
long tubular handle. Before sampling, the extract should be
thoroughly stirred and mixed by the sampling tool, special care
being taken to disturb any sediment which has settled to the
bottom of the cask. If the extract has been standing in cask
for some time, the only way really to mix properly is to take
out the heads of a sufficient number of casks, and stir the
contents thoroughly with a suitable stirrer or paddle, rolling
full casks being quite ineffective. After thorough mixing, the
tool is immersed and moved about in the cask, while the
reservoir is filled by depressing the rod which passes down
the handle, and which opens an aperture for the purpose.
Samples should be drawn not only from the centre but also
from the upper and lower corners of the cask. The various
samples should be thoroughly mixed in a clean pail, and at
once sealed in bottles for analysis. It is desirable, if the casks
are numbered, to select for sampling, numbers equally distributed
through the parcel, as the casks are usually filled in rotation.
It is also of equal importance that samples in bottles or jars
should be thoroughly mixed before weighing out portions for
analysis, as Dr. Parker has shown * that errors of 2 per cent. in

* ¢ ] eather Trades Circular,’ 1897, p. 489.
N
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either direction may be caused through the settling of the “ diffi-
cultly soluble tannins.”

The sampling of block gambiers is one of the most difficult
problems owing to the irregularity of the moisture in different
parts of the block. A somewhat large sample must be drawn
cither by perforating the blocks with a tubular sampling tool
like a large cork borer,* or by cutting sections with a “fleshing
knife,” and the portions must be mixed by chopping or kneading,
with as little exposure to the air as possible to avoid loss of
moisture. Similar difficulties with regard to moisture often
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arise with cutch and other solid extracts, which are usually too
hard and brittle to cut with the tool, and cannot be pulverised
till dry. In this case it is best to weigh the whole sample, dry,
and again weigh to determine loss. The sample is then pul-
verised and analysed in the usual way, and calculated to original
moisture. An example of the reckoning may be given. The
original sample weighs goo grm. and after drying 765 grm. only,

* A suitable tool, designed by Kathreiner, is shown in Fig. 9, which can also
be used for sampling sumach, if damage to the bags is not ohjected to. C C'is a

brass or gunmetal tube with a collar B and strong handle A. The plunger D is of
hard wood, and used to force the ¢ cores ’ cut out of the cutting tube.
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the loss being 15 per cent. The percentage is therefore cal-
culated on 85 as representing 100 original, and 1§ per cent. is
added to the water. .

In sampling solid materials, portions should always be
drawn from at least ten sacks or separate parts of the bulk,
and, in the case of valonia, special care should be taken to have
a fair average quantity of “beard.” No attention is usually paid
to this point by merchants, and the proportion varies greatly in
different parts of the same cargo. If several sacks are spread
in layers on a level floor, and then “quartered,” dividing the pile
first in half, and the half again in halves, dill a sufficiently small
sample is obtained, this will be accomplished. Where samples
must be dealt with which have not been specially drawn, it is
safest to weigh out from the same proportion of beard and whole
cups, bearing in mind that the beard is always the richest part of
the valonia ; or to make the analysis on the cups only. Valonia
beard often contains large quantities of crushed lime-stone and
other rubbish added as weighting material, but frequently very
injurious to the colour of leather. Special care 'is required
in sampling and mixing sumach, as it is very frequently
adulterated, and probably a portion of pure is often added on
the top of the sack. In sampling myrobalans, it should be
remembered that the poor and light nuts will rise to the top,
and hence the hand should be plunged well into the sack.
The sample, when drawn, may be ground in a small bark-mill,
and, if necessary,a smaller sample drawn from this and ground
a second time in a sample mill, or even an ordinary coffee-
mill, though the tatter is scarcely strong enough for many
materials. Burroughs, Wellcome and Co.’s drug mills, No. 3 or 4,
answer the purpose very fairly. A special mill of small size is
also sold under the name of “ Tannina ” by Robert Paessler, of
Freiberg, Saxony, and small sizes of the ordinary toothed grind-
ing mills for tanning materials, such as Schmeija’s, Gliser’s, or
the Hardy Pick Co.’s may also be used, especially if power is
available. A laboratory disintegrator is made by Grumbach and
Son, of Freiberg in Saxony, to a design of Dr. Koerner's* If
a suitable mill is not at hand to reduce the material to a coarse
powder, it is necessary to prepare it for these small mills by
crushing or breaking into pieces of moderate size. With many

* Collegium, 1903, p. 365.
N 2
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materials this is conveniently accomplished with a flat-faced
hammer on a thick cast-iron plate, which should have raised
ledges round three of its sides to prevent the fragments from
flying about. Many barks are too tough to be pulverised in
this way, and are most easily sampled by cutting short lengths
off a large number of pieces with strong shears, or with a saw.
If the bark can be secured in a firm bundle with a clamp or
by binding with wire, a number of thicknesses may be cut at
once with the saw. Materials are usually much more easily
ground if strongly dried, but this involves determination of the
moisture both on a portion of the original sample, and again on
the dried and ground material as prepared for analysis, and
should therefore be avoided if possible.

Extraction—Extracts are most satisfactorily dissolved for
analysis by placing the beaker or basin in which they are
weighed in a large funnel in the neck of a liter flask, and washing
the extract into the flask with boiling water. After filling up
with boiling water the neck of the flask is then covered with a
small beaker, and the liquid cooled rapidly under a stream of
water from the tap, and made up to the mark with cold water.

If the tap water is much below 15° C. it is safer to immerse
in a vessel of water at about that temperature, to avoid over-
cooling or local chilling of the solution. Solid extracts are
generally best dissolved in a beaker by the use of successive
quantities of boiling water, and treated in the same way. Care
must be taken not to pour solid particles into the flask until all
matter soluble in hot water has been dissolved, and if it is
suspected that solution is not complete, the flask may safely be
heated for a short time on the water-bath. If the amount of
insoluble particles is large, as in the case of some gambiers,
it may be advisable to strain through muslin, or even to extract
like a solid tanning material. A short boiling of the residue,
after most of the tannin has been removed, is not generally
injurious ; but long-continued boiling of most tannin solutions,
and especially in contact with air, leads to the desiruction of
some tanning matter, and almost invariably darkens the colour.
The writer is of opinion that with most extracts slightly more
uniform results are obtained by cooling at the temperature of
the laboratory for some hours instead of rapidly under the tap,
and this method has been adopted by the American Association
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of Leather Chemists, but the results are somewhat lower in
tannin and higher in insoluble matters; though experiment shows
that the differences are negligible as compared to other sources
of error ; and in many cases want of time precludes the slower
process, so that for the sake of uniformity it is considered best
invariably to cool under the tap. For the same reason it is
best, or at least official, to dissolve always in absolutely boiling
water, for though many extracts dissolve perfectly well at lower
temperatures, and sometimes filter more easily, in some cases
the use of lower temperatures leads to a larger precipitation of
insoluble “reds.” It is pointed out by Mr. A. Barrett that loss
is incurred with sumach extracts, and others containing ellagi-
tannic acid, if boz/ing water is used, and better results are
obtained with water not above 40°-50° C.

The insoluble matter found in an extract is considerably
influenced by the quantity of water which is employed in dis-
solving it. This was long ago pointed out by von Schroeder,
and is well shown by the following figures given by Cerych for
an oak-wood extract : *—

| | |
Dissolved per Insoluble Soluble Tanning

liter. Maztter. Non-Tanuins. | Sub:tances.
grm, grin. grm. grm.

5 012 18744 2856
15 1°22 18°50 27°40

‘ 30 1°65 1840 27 07

It will be noted that as the “ insoluble ” increases the tanning
substances diminish, as the former consists largely of red anhy-
drides or “difficultly soluble tannins.” In materials such as
hemlock bark and quebracho, which contain these bodies -in
much larger proportion than oak-wood, the variation becomes
still more marked. It is hence very important to keep to a
uniform proportion of dissolved matter in the liquid for analysis
in order to obtain comparable results, and this is one of the
reasons why chemists interested in the analysis of tanning
materials have agreed upon quantities to be adhered to (see
p.-i91), and Section XIII.

The solubility of the “reds” is greatly influenced by tem-

= ¢Gerber,” 1895, p. 242.
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perature, and consequently the quantity found will vary mate-
rially with the temperature at which the liquor is filtered for
analysis. Cerych (loc. c¢it.) found that an oak-wood extract
which gave 1°68 per cent. insoluble at 16° C. was perfectly
soluble at 34° C. These remarks also apply to solid tanning
materials., Tanning solutions for analysis should therefore be
filtered at a temperature as little above 15°C. as possible, and
never exceeding 20° C,, even if artificial cooling is necessary.
The extraction of solid tanning materials presents much
more difficulty than the solution of extracts. It has been
pointed out by Mr. A. S. Jones that each tanning material has
an gptimum temperature of extraction, and that in many cases
materially less tanning matter is extracted at a boil than at
some less degree of heat, and considerable information on this
point is given by the researches of Dr. Parker and the writer.*
In many cases, also, it is difficult to complete extraction
without the use of more water, and the consequent production
of a more dilute solution than is permissible for the gravimetric
method. As a rule, the digestion of the material for some
hours at a low temperature or in the cold, and its subsequent
percolation with water, of which the temperature is gradually
increased to 100° C,, will extract a maximum amount of tanning
matter, and if all the concentration is done on the later dilute
percolate, which contains at best a very small proportion of the
total tannin, any loss by decomposition may be neglected. It is
found, however, that in nearly every case by careful percolation
practically the whole of the tannin can be extracted without
exceeding the permissible volume of water, and this is now the
rule of the LA.L.T.C. (p. 213). Considerable difficulty arises
from the tendency of many tanning materials to choke any filter
on which they are placed for percolation, and this is on the whole
most successfully met by the use of sand filters. One of the
best appliances for the purpose is the bottle extractor devised by
Dr. R. Koch,t which may be considered as an improvement and
simplification of the so-called “Real’s press.” The apparatus
(Fig. 10) consists of a glass wide-necked bottle which should be
thin and well annealed in order to stand the heat of the water-
bath. A convenient size is about 200 c.c. capacity. It is wise

* Journ. Soc. Ch. Ind., 1895, p. 635, and Prin, Leather Mfr., p. 344.
t Ding. Polyt. Journ., 1887, cclxvii. p. §13.
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before -use to heat these bottles in water to boiling, and allow
them to cool in it, to lessen the risk of their cracking during an
extraction, and it is often difficult to get bottles which will stand
the test. The bottle is closed with a rubber cork, through which
pass two glass tubes; one through which water is introduced
extending about half an inch below the cork to prevent the cold
water coming in direct contact with the heated sides of the
bottle ; while the other, which serves as an outflow, almost reaches

the bottom of the bottle, where it is widened to a funnel-shaped
end, which in use is covered with a piece of the silk gauze used
by millers. Above the cork both are bent at right angles for
connection with other tubes. In use a layer of about 2 cm. of
fine sand (purified by digestion with hydrochloric acid and
washing), is first introduced into the bottle, and then the weighed
quantity of ground tanning material. The funnel-tube and cork
are now inserted, any slight disarrangement of the layers being of
no consequence, as the sand speedily settles to the bottom on
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filling the apparatus with water, which is done by sucking the
short tube, while the funnel-tube is connected by a short length
of rubber tube, with screw pinchcock, with a second tube bent
at right angles and dipped in a beaker of water. The same tube
afterwards serves to convey the percolate into a gauged flask.
In special cases, where it is desired to obtain the extracted
material free from foreign matter, the sand may sometimes be
dispensed with. Where, from the fibrous character of the
material, or other reasons, it is found difficult to insert the
funnel-tube after filling the flask, it may be inserted first, and
the flask filled by sliding the cork up the tube, and using a
funnel for the sand and material.

Fi1G. 11,

After filling, the cork is secured in the bottle, either by wiring
like a champagne bottle, or by the special clamp shown in
Fig. 11 ; the apparatus is placed in the water-bath, and the shorter
tube is connected with a water supply about 14 meter above it by
tubing, also provided with a screw pinchcock. The second tube
is arranged to drop into a liter flask, as shown in the figure.
The water-bath may now be gradually heated, and the pergola-
tion carried on at any desired temperature. Ifthe gauze chokes,
as is not unfrequently the case, it may sometimes be made to
run, by sucking a little water backwards, as in filling the appa-
ratus. =

A slight modification of the Author’s, which, together with

N
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the Koch apparatus was accepted as official by the Turin Con-
ference of the I.,A.L.T.C., and which has the merit that it can be
arranged from the apparatus found in every laboratory, is shown
in Figs. 12 and 13 (from the catalogue of Messrs. Reynolds and
Branson, of Leeds, who supply the apparatus). In place of a
closed bottle, an ordinary open beaker is used, which is placed
in a water-bath. A common thistle-head funnel is bent twice
at right angles to form a syphon. The head, covered with silk
gauze C, rests on the bottom of the beaker, the other end
being lengthened by a piece of slender glass tube, connected
by india-rubber tube fitted with a screw pinch-cock A, the

Fi1G. 12. FiG. 13.

whole being held in position by a clamp. The beaker is filled
with sand B and tanning material, as in Koch’s apparatus,
water is poured in, and the whole raised to the requisite
temperature in the water-bath, when percolation is started by
sucking, and warmed water added as required. As compared
to Koch’s, the apparatus has the advantage that, being open at
the top, it can be stirred with a rod in event of the material
clogging the filtering layer of sands, but on the other hand the
beaker has to be watched and filled up as required, instead of
having a supply cistern of a definite quantity of water which can
be left to percolate automatically. In ordinary complete extrac-
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tion in the Leeds University laboratory, the requisite quantity of
material to give an extract containing 3°5-4°5 grm. of “ tanning
matter,” see p. 191, per liter is weighed out into the apparatus,
and allowed to macerate in water for some hours in the cold.
The temperature is then gradually raised, and the percolation
begun at about 50° C. About 300 c.c. is run through in 1-1}
hour, after which the temperature of the bath is rapidly raised
to 100°C. In the case of sumachs, a good part of the first
500 c.c. should be percolated at or below 40° C., and with
canaigre and other starchy materials the whole extraction is
best done below 50° C.

The Turin Conference decided that only 1 liter should be
used for extraction, and the small quantities of tannin which
could be extracted with further portions of water should be
neglected, but if solutions must be concentrated by evaporation,
the boiling, if not done 7z vacuo, should be protected as much
as possible from excess of air, by placing a funnel in the neck
of the flask, and should be confined to the later and more dilute
percolates.

After making up to 1 liter, the solution, whether of an extract
or solid material, requires filtration, and for the sake of uniformity
this is desirable even when the solution is quite clear and trans-
parent.

In some cases it is very difficult to obtain such a filtrate,
and special thick filter-paper is required, Schleicher and Schull’s
“ No. 605 extra-hart ” being very suitable. Even with this the
patience of the operator is often severely taxed, as it is often
necessary to return to filtrate again and again to the filter till
absolute clearness is obtained. As a last resort, a teaspoonful of
well-purified kaolin may be shaken up with the solution before
niltration. It was early pointed out by von Schroeder that small
traces of tannin are removed by the kaolin as well as by the
filter paper itself, and many attempts have been made to over-
come this source of error, which usually amounts to } per cent. or
more on liquid extracts. A method of determining a correction
was devised by the author,* and adopted by the ILA.L.T.C. in
their conference in 1902 ; given up in 1904 for the Berkefeld
“ filter-candle,”  but again accepted by the Tannin Analysis

+ Collegium, 1902, pp. 119, 145, I5L. 5
* Berkefeld Filter Company, Celle.
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Commisjon of 1906 (see p. 213). The “candle” was first sug-
gested by Kathreiner, but successfully introduced by Parker and
Payne.* This filtering medium is very indifferent to tannins
and other matters really in solution, and the filtrate is generally
perfectly clear, but in some cases, especially with quebrachos, is
slightly opalescent. For the sake of uniformity it was agreed
by the conference of Turin, 1904, and by the commission it then
appointed,t that all matter which has passed through the filter
should be regarded as “soluble.” It has, however, since been
found that in some cases as much as 10 per cent. of matter will
pass through the candle, which is removed by filtration to
optical clearness. The “candle” adopted consists principally
of porous infusorial siliceous earth and is about 7 cm. long, 3 cm.
external, and 1 cm. internal diameter. Various methods of
mounting have been suggested. Dr. Parker cements with shellac
on a glass tube with a projecting collar, and fits with a rubber
cork into a wide and deep ordinary funnel, which in turn is
fitted with a rubber cork or collar into the neck of the usual
vacuum filtration flask, from which the air is exhausted either
by a water-pump or a syringe. The pumping must not be
continuous, but as soon as the necessary vacuum is formed the
connexion with the pump is closed with a pinchcock, to pre-
vent loss by evaporation, and only opened if the vacuum becomes
insufficient. Another, and, on the whole, preferable arrangement
is to invert the candle in a narrow cylinder, connecting it by a
syphon tube with the vacuum flask; in which case the tube
should be prolonged to the bottom of the “candle,” so as to
insure complete and rapid removal of liquid filtered. In the
author’s laboratory the open end of the filter is somewhat
enlarged with a conical reamer (or even the tapered end of a
screwdriver) to fit a suitable india-rubber cork, and is hardened
by painting round the edge with shellac varnish. Before use,
the filters should be thoroughly cleansed from soluble matter, by
boiling for two hours with 10 per cent. hydrochloric acid, and
thorough washing, and are then dried before washing. About
300 c.c. should be rejected (and if a dry filter is employed, may
be used for non-tannin determination), before the portion is taken
for evaporation. - After use the filters are cleansed by brushing

* Collegium, 1904, p. 249- t Ibid., 1904, p. 343, 1903, p. 45.
1 Ibid., 1905, p. 66.
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with a soft tooth-brush, and filtering distilled water till it comes
through colourless. 1If, as rarely happens with very muddy
solutions, the filter chokes and filters too slowly, the surface may
be cleansed by brushing during filtration. It is best to dry the
filters after washing, as if kept wet they become very soft. If
the filter appears choked with organic matter it may be washed
with very dilute ammonia, then with dilute acid and finally
with water till neutral before drying. This should always be
done if a candle which has been used for extracts with insolubles
is employed for solu}ﬁised extracts, as otherwise the latter are
liable to dissolve out’the difficultly soluble matter in the candles.

As it sometimes occurs that filter-candles and the necessary
apparatus cannot be obtained, it is well to give some particu-
lars of the method of filtration through paper with correction
which was proposed by the author, and which previous to the
adoption of the “ candle ” was the official method of the I.LA.L.T.C,,
and is again made official in cases of difficulty, and the results
agree quite accurately with those obtained with the “candle,”
when the filtration is repeated to optical clearness. The present
official directions will be found on p. 213. Those of 1902 were
as follows :—

“The filtration of solutions for analysis can be carried out
with any paper which is considered most suitable, and if desired
kaolin may be used. The amount of tannin absorbed by the
filter-paper must be taken into consideration, and a correspond-
ing correction made, which is ascertained by the similar filtraticn
of a perfectly clear tannin solution.

“In order to estimate the error caused by the filter-paper, 500
c.c. of the tannin solution to be analysed is filtered until perfectly
clear, preferably by the method of filtration for which correction
is to be made. 50 c.c. of this clear solution is now evaporated
to dryness, dried and weighed, to determine “total soluble
No. 1.” A second portion of the same filtrate is now filtered
exactly in the manner for which correction is to be made, and 50
c.c. of this filtrate evaporated, dried and weighed. This residue
is No. 2. Subtracting No. 2 from No. 1 gives the correction
which is necessary to add to the “total soluble ” found in analysis.

“ 1t is advisable not only in the analysis but also in the second
estimation for correcting the filter-error, that at-least the first
150 c.c. which passes through the filter-paper should be discarded,
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or used-for detannisation, and the next 50 c.c. used for evapora-
tion. During the whole filtration it is advisable that the filter
should be kept as full as possible. Where kaolin is used to get
a clear filtrate the same quantity should be weighed in each case.
One or two grammes are recommended. This is,washed by de-
cantation with about 75 c.c. of the tannin selution, and then
washed on to the filter-paper with a further quantity of the
tannin solution, of which 200 c.c. are filtered as above.”

As filtration by the candle may be assumed to need no correc-
tion, an alternative method is to filter solutions to optical clear-
ness by the candle, which is usually possible by repeatedly return-
ing the filtrate ; and also by the method for which correction is to
be made, when the difference in weight on evaporation of 50 c.c. is
the required correction. It must be clearly understood that an
average correction only is required, since of course the determina-
tion for every sample of material and every sheet of paper is
impracticable.

In practice it has been found that on the average of many
determinations a correction of about 40005 grm. must be added
to the residue from evaporation of 50 c.c. of any tanning material
through Schleicher and Schull’s “ 605 extra-hart” of 17 cin. dia-
meter ; for S. and S. 599 the correction is negligible ; Dreverhoff’s
311, 15 cm,, requires 4+ 0°002, and the use of 2 grm. kaolin about
4 0-0025 grm. in addition to that required by the ﬁlter-papef.
Of course different filters, even out of the same packet, will often
yield different corrections, but as the whole correction amounts to
under 07 per cent. on an oakwood extract, slight fluctuations
are not of great practical importance.

Perhaps, for the sake of completeness, some allusion should
be made to the earlier methods of extraction, which for ordinary

" purposes have fallen out of use, since it has been recognised
that with many materials heat must be sparingly employed. 1In
early times, and for the weak infusions required by the Lowenthal
method, it was customary simply to boil a weighed quantity of
the finely powdered material with a liter of water for half an hour
or more, and to make up the whole, including the solid matter,
to 1 liter. This method gives in many cases very constant
results, though somewhat below those obtained by percolation,
but from its simplicity may sometimes prove useful where merely
comparative results are required. A much more accurate method
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was that formerly employed by Prof von Schroeder, who,
however, relinquished it in favour of Koch’s method, described
above.

Von Schroeder’s extraction apparatus consisted of a perfectly
cylindrical vessel of cast tin, about 12°5 cm. deep and 7 cm.
diameter. A strainer covered with fine muslin fitted it like a
piston. The powdered material was placed in the cylinder, and
stirred up with 200 c.c. of cold water. At the end of an hour
the piston was inserted and pressed down gently, the clear liquor
poured off, and the process four times repeated with hot water
at intervals of half an hour, placing the cylinder in a water-bath.
The liquor was made up to I liter, and, if necessary, filtered.

To determine separately the “easily soluble tannin” (viz.
that extracted by cold water), Real’s press was employed, which
consisted of a cylinder, fitted with a tap at the bottom, and a
water-tight cover at the top, with a tube through which water
was forced by the pressure of a column of liquid. A small
sieve, covered with a disc of linen, was placed in the bottom
of the cylinder, and on it the tanning material previously tho-
roughly moistened with water, and the tap closed. The press
was then filled with water and left fifteen hours under a pressure
of 14 meter. The tap was then opened and 1 liter allowed to
run through in the course of about two hours, and the infusion
so obtained was thoroughly mixed by shaking. The material
was finally exhausted like a new material in von Schroeder’s
apparatus to extract the difficultly soluble tannin. Both of
these pieces of apparatus are practically superseded by Koch’s
bottle extractor and its modifications.

An apparatus on the principle of Soxhlet’s extractor (p. 2853),
but made of copper, was introduced by the Vienna Research
Institute,* and modifications have been largely used in America,
but from the facts already mentioned it will be obvious that
continued boiling of tanning extracts is inadmissible. If used at
all it should only be for the last traces of tannin after the bulk has
been removed at a lower temperature,} but it has been shown by
Eachust that continued steam extraction removes matters which
are absorbed by hide-powder, but which do not precipitate gelatin.

* ¢ Gerber,’ 1887, p. 67. t Journ. A.L.C.A,, i. p. 88.
$ Collegium, 1907, pp. 384, 386. i
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SECTION XII.

TANNIN DETERMINATION BY THE HIDE-POWDER
GRAVIMETRIC METHOD.

THE official methods of the International Association of Leather
Trades Chemists, and of the American Association of Leather
Trades Chemists are given in Section XIII., but it is necessary
here to explain a few details more fully to give reasons for the
exact methods prescribed, and to discuss the various suggested
modifications.

An infusion of the tannin material, or a solution of extract,
of such a strength as to contain 0°35 to 0°45 grm. of tannin
matter per 100 c.c. (or as nearly as possible o0°4 grm.) is
prepared by the methods described in the preceding section.
The following table gives the approximate quantities required.

Variations from the prescribed dilution are specially apt to
lead to errors with materials like quebracho, which contain
much “difficultly soluble” tannin.

THE APPROXIMATE AMOUNT OF DIFFERENT MATERIALS TO BE WEIGHED
OUT FOR ANALYSIS TO MAKE UP ONE LITER OF SOLUTION.

Barks, etc. Extracts.
Grammes. . Grammes.

Algarobilla . 5 5 8-9 Oak wood, sp. gr. 1°2 or
Canaigre . 5 . 15-18 over 5 5 . 15
Divi-divi . . 5 9 Chestnut (liquid) . . 14
Hemlock bark . . 32-36 - (solid) . . 7
Mimosa bark 3 5 11 Quebracho (solid). > 6
Myrobalans . . . 15 ) (liquid) .  9-13
QOak bark . 3 . 3036 Mimosa D . o . 10-12
Oak wood . 5 . 50-100 Gambier (block) . . 10
Quebracho wood . . 20-22 ,s (cube) . g 7
Sumach z 2 . 15-16 Mangrove (liquid) o 9
Pistacia lentiscus . 5 20-22 - (solid) . : 7
Pine bark . o 5 32 Cutch : . o 7
Willow bark : 5 36 Myrobalans liquid) 5 16
Chestnut wood . 5 45 Hemlock . s . 10-14
Mangrove bark . : 10 Pine Bark . . o 16
Valonia 5 5 . I4-1§
Valonia beard . . I0-I1

Spent tans . 5 . 50-100
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Determination of “ Total Dry Matter.”—It is necessary for
the calculation of analyses to determine the amount of moisture
present in the sample, since this varies in solid materials to a
considerable extent with atmospheric conditions, and in extracts
according to the degree to which they have been evaporated.
The total weight of substance taken, less the moisture, gives, of
course, the “total dry matter.” The drying, however, presents
difficulties in some cases.” On the one hand many tannins are
easily alterable by heat, parting with water of combination and
vielding anhydrides, and on the other, hygroscopic moisture is
obstinately retained. Thus different temperatures and different
methods yield varying amounts of moisture, and it is often
impossible to define the point where hygroscopic water is driven
off, and the loss of chemically combined water begins. A
standard method would be to dry at ordinary temperature, and
preferably 7n vacuo, over concentrated sulphuric acid, but this is
too slow for practical requirements. In dealing with dry ma-
terials therefore, it is better in every case, to work with as small
a quantity as is permissible, taking into account the accuracy of
the balance employed. As it is not possible in the analysis of
the tanning materials to obtain an accuracy greater than o-1
per cent. or one part per thousand, 1 grm. is quite sufficient
with a balance weighing to milligrams, and with balances of
greater accuracy, proportionately smaller quantities may be
employed. In the case of liquid and pasty extracts, 1 grm.
should never be exceeded, and if possible it is better to work
with smaller quantitics. The only exceptions to this rule are
such materials as cannot readily be accurately sampled in
small quantities, and in this case it may be necessary to weigh
out larger quantities even at the expeunse of additional time
and trouble, or to dissolve and dry an aliquot part of the solution
as described below. The drying of solid materials is accom-
plished in basins or other vessels which are preferably fitted with
a cover to lessen absorption of moisture during weighing, though
with rapid weighing this is not essential. The drying of liquid
and pasty extracts is more difficult, and is best done in the flat
bottomed shallow basins which are used for the subsequent
determinations, and which should be 7 or 8 centimeters in
diameter and capable of holding at least 50 c.c. .In such basins
the extract spreads itself to a thin layer ; while, if the basins are
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rounded, it collects at the bottom and dries on its surface,
forming a coherent coating from which the moisture of the
interior of the mass escapes with great difficulty. In cases where
extracts are solid or too thick and pasty to spread themselves
without assistance, the addition of 20 or 25 c.c. of water, in which
the extract is dissolved on the water-bath in the basin, will con-
siderably facilitate drying. The author proposed the use of
alcohol for the same purpose, which certainly leads to rapid drying,
but on the whole he is of opinion that water is to be preferred.
Where extracts will dissolve in water to a turbid solution which
can be thoroughly mixed by shaking, the best method of
determination of both water and dry matter is to mix the liquid
thoroughly, after making up to the liter (or 2 liters where it is
desirable to weigh a larger sample), and before filtration, and
to pipette 50 c.c. into a basin as usual. The residue obtained in
this way X 20, or the sum of duplicate determinations X 10, is
obviously the dry matter contained in the substance weighed out
for analysis, and the difference between this and the original
weight is the moisture ; while the difference between the “dry
matter ” and the “total soluble” obtained by evaporation after
filtration is the matter “insoluble at 15° C.”

As regards drying apparatus, the German Section of the
I. A.L. T. C, have selected the Moeslinger drying oven, which is
simply a water jacketed oven with small compartments, the
interior of which cannot reach a temperature exceeding 95°-98° C.
In this apparatus drying is, in the author’s opinion, much too slow,
at least 8 or 9 hours being required with many materials to
obtain approximately constant weight. This length of time is
objectionable not only on account of the delay, but because in
most tanning materials oxidation, leading to a gain of weight,
goes on at the same time as drying ; so that in some cases the
sample begins to gain weight instead of remaining constant, and
even the lowest weight found must be too high, as oxidation
no doubt occurs more or less during the entire drying. The
American Leather Chemists’ Association have officially adopted
Reed’s Combined Evaporator and Dryer,* which seems open
to the same objections. In the writer's opinion a preferable
method is the use of an air-oven heated to a temperature of
100°-105° C,, in which the drying is much more rapid, while

* Journ. A, L. C."A., 1906, p. 32 ; see alsg Collegium, 1907, p. 140.
O
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the danger of oxidation is probably not increased. Great care,
however, is required even in ovens with automatic regulation
of temperature that 105° C. is not exceeded in any part of the
oven; and that the vessels, especially if of metal, do not
come in contact with the heated walls. There can be little
doubt that the vacuum drying oven is the most perfect means
for drying tannin residues, accomplishing th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>