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XXIII. On some Astringent Substames as Sources of Pyro- 
gallic Acid. By Dr. JOHN STENHOUSE. 

Read November 15, 1842. 

CHEMISTS have usually divided the varieties of tannin 
which occur so abundantly in the vegetable kingdoni, 

into t w o  kinds; those which give black and those which 
give green precipitates with salts of iron. The  propriety of 
this distinction1 has of late been called in question by Ber- 
zelius, who seems to think that the tannic acidin all plants is 
essentially the same; and that the green and gray colours of 
the precipitates with salts of iron are owing to the preserice 
of free acid. Professor Liebig appears also to hold a similar 
opinion. Rerzelius states at 116th of his Rapport Aiznuel 
for 1841, on the authority of C. H. Csrvallius, ‘‘ that the tan- 
nic acids which give green precipitates with sulpbate of iron, 
give blue precipitates with acetate of iron, arid that their green 
combinations are rendered blue by the addition either of small 
quantities of acetate of lead, by a little alkali, or even by a 
great excess of gelatine.” H e  also states that the lead com- 
pounds of those species of tannin which give green precipitates 
with salts of iron are rendered blue by the addition of a little 
sulphate of iron. H e  likewise affirms that when a solution of 
any of the tannins which give green precipitates reniains in 
contact for some time with chips of iron, n blue instead of a 
green precipitate is obtained, and that its blue colour is 
changed to green by the addition of acetic acid. These state- 
ments have induced Berzelius to conclude that the giving 
green or black precipitates with salts of iron is not a distinctive 
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Astriigerzt Sdstnnces ns Sources qf Pyrogallic Acid. 1 33 

character for any species of tannin, as these precipitates are 
convertible into each other ; bases rendering them black or 
blue, and acids gray or green. A few experiments which I 
have made have, however, given somewhat diRerent results 
from those of Cavallius. 

A solution of the tannin of catechu was prepared by mace- 
rating a large quantity of catechu in a very little cold water ; 
it was therefore quite free from catechin. A portion of this 
solution was allowed to remain for some days in contact with 
a quantity of iron chips; it assumed a dirty, grayish black co- 
lour, which, however, did not at all resemble the blue-black 
colour which nut-galls, oak, bark, SEc. exhibit when similarly 
treated. The  precipitate did not become green when a little 
acetic acid was added to it, but it dissolved in an excess of 
acid, and on being neutralized with ammonia a purple gray 
precipitate appeared. Tannin of catechu gave a dull grayish 
black precipitate with acetate of iron. With neutral acetate 
of lead it gave a light yellow precipitate,,which on the addition 
of sulphate of iron assumed a dark gray colour, much lighter 
than the preceding. Basic acetate of lead gave similar results. 
Chloride of iron gave an olive green ; perchloride an ol ive  
brown, and protonitrate a yellowish green precipitate. Tan- 
nin of catechu, when treated with acetic acid aiid sulphate of 
iron, gave a dark olive precipitate. 

The  tannin of larch bark, which gives a light green preci- 
pitate with protosulphate of iron, gave with acetate of iron a 
purplish black precipitate, which on standing for a day or so 
assumed adark lead colour. When treated first with acetate 
of lead and then with sulphate of iron it gave a grayish piirple 
precipitate. When mixed with a little acetic acid it gave a 
dark gray precipitate on the addition of sulphate of' iron. 
Chloride of iron produces a grayish brown, and iiitrate of iron 
an olive brown precipitate. 

The  tannin of gum kin0 gave with protosulphate of iron a 
dark green, and with acetate of iron a purplish black precipi- 
tate, which on standing changed to grayish black. With pro- 
tochloride and protonitrate of iron dark green precipitates, 
which quickly changed to grayish brown. The effect of alka- 
lies on all these precipitates was only to deepen their colours, 
but not to change any of them bluish black. 

'The tannin o f  alder bark, birch bark and tornlentil root, 
gave purplish black precipitates with acetate of iron, which 
however on standing becamc. grayish black, and their reac- 
tions with the inorganic salts of iron were almost identical with 
those of kino, catechu and larch bark, and wholly dissimilar 
with those of' galls, suniach, valonia, &c. Very good ink of a 
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134 Dr. Stenhouse 011 s u m  

bluish blaek colour may be made from nut-galls, oak bark, 
sumach, valonia, divi-divi, &c.; but the tannin of catechu, 
kino, larch, birch and alder barks, &c., are wholly unfit for 
this purpose. Indeed the only salt of iron which gives pretty 
nearly the same coloured precipitates with either species of 
tannin is the acetate, but even these, though at first bluish 
black in the case of the green tannins, become in a day or two 
grayish black, and their reactions with the sulphate, chloride 
and nitrate of iron have no resemblance whatever to those of 
the black tannins. The  old distinction, therefore, which di- 
vides the astringents into those which give black, and into 
those which give green precipitates with the inorganic salts of’ 
iron,.appears, so far as it goes, to be perfectly just, as t ime 
precipitates are not convertible into each other, as affirmed by 
M. Cavallius. There is, however, good reason for believing 
that some of the varieties of tannin, which even agree in their 
reaction upon salts of iron, and in their characters generally, 
are still by no means, identical substances. I n  this respect 
there is considerable analogy between the varieties of tannin 
and the different fatty acids. 

It is much to be regretted that we are unable to procure 
tannin in a state of purity from any other source than nut- 
galls. When pouiided galls are treated by Pelouze’s method, 
with hptlrated Ether, in a displacement apparatus, the liquid 
on standing separates into two strata, the lowest of which 
contains tannic acid in a state of purity. 

When, however, oak bark, valonia, sumach, gum kino, ca- 
techu, &c. are treated with zther  in 8 similar manner, only 
one stratum of liquid is obtainetf. Yelotize’s process is there- 
fore inapplicable to these suixtances. This is the more to be 
regretted, as from the extreme facility with which tannin de- 
composes when in contact with moisture, we are unacquainted 
with any good way of obtaining i t  in a pure state from any of 
the other astringent substances ; and consequently, with the 
exception of nut-galls, little progress has been made in the 
investigation of these bodies. 

I t  has been already mentioned that the tannin of galls and 
gallic acid are the only substances which, when distilled, are 
known to yield pyrogallic acid-a substance whose characters 
are so well marked that it can easily be recognized. I t  struck 
me, therefore, th:it this circumstance might be employed as 
an easy test for the presence of gallic acid; atid also enable 
u s  to ascertain when the tannin these substances contained 
was similar or otherwise with that of iiut-galls. With this 
view I was induced to sul3ject a nuniber of the astringent 
matters to examination. The first in the order was sumach. 
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Astri?igent Substances as Sources of Pyogallic Acid. 1 35 

Suniach, which is so extensively employed in Great Britain 
by dyers and leather-curriers, consists of the small branches 
of the RlZus coriaria. A quantity of sumach was digested with 
hot water, filtered and evaporated to dryness. The  dried ex- 
tract thus obtained was subjected to distillation. T h e  liquid 
which passed into the receiver, though it gave no crystals of 
pyrogallic acid, obviously contained that, substance, as it ex- 
hibited all its characteristic reactions. The  pyrogallic acid 
was prevented from crystallizing by the empyreumatic oil and 
other impurities by which it was accoppanied. I t  seemed 
not improbable, therefore, that sumach contained gallic acid, 
and that perhaps its tannin was also similar to that of galls. 

The  first step taken, therefore, was to examine suniach for 
gallic. Several pounds of sumach were repeatedly boiled with 
water and then filtered. The  tannin contained in the liquid 
was precipitated by solution of glue and separated by filtra- 
tion. Its quantity was very considerable. The  clear liquid 
was evaporated to the consistence of an extract, and treated 
with hot alcohol. The  greater portion of' the spirits was re- 
covered by distillation, and the residue set aside to crystallize. 
After some days, as no crjstals made their appearance, the 
alcoholic solution was evaporated to dryness 011 the water- 
bath. I t  was then introduced into a stoppered bottle and re- 
peatedly agitated with ether  ; almost the whole of the aether 
was distilled OR, and the residue left to spontaneous evapora- 
tion. Abundance of reddish coloured crystals soon appeared. 
They were purified by repeated digestions with animal char- 
coal and successive crystallizations. The  crystals were then 
perfectly colourless and possessed the silky lustre of gallic 
acid, with which acid their reactions with salts of iron and 
other reagents completely corresponded. "hen distilled 
they yielded abundance of pyrogallic acid. They were dried 
at " J Z 0  F. and subjected to analysis. 

I .  0.2932 gramme substance gave 0.5315 carbonic acid, and 
0.963 water. 

11. 0*2824 gave 0*508 carbonic acid, and 0.956 water. 
I. I I. Calculated. c 50'12 49.73 '7 c = 49'89 

H 3-69 3.76 3 H = 3.49 
0 4694 46.5 1 5 0 = 46-62 

I O O ~ O O  100~00 1 oo*oo 
These results approach pretty closely the calculated num- 

bers of hydrated gsllic acid given above. 
I n  order to determine the atomic weight of the acid, the 

basic gallate of lead was formed by adding a solution of the 

____ 
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136 Dr. Stenhouse on sowe 

acid obtained from sumach to a11 excess of boiling acetate of 
lead. It precipitated as a yellow, slightly crystalline powder, 
and was also dried at 2 1 2 O  F. 

I. 0'803 salt gave 0'456 oxide arid 0*142 metallic lead = 
75-89 per cent. oxide of lead. 

11. 0*6972 gave 0*332 oxide and 0*186 metallic lead = 76-35 
oxide, 

Now the bibasic gallate of lead C7 H O3 + 2 P b  0 contains 
76%9 per cent. oxide of lead; therefore there can be no doubt 
that it was the salt analysed, and that gallic acid, therefore, 
occurs to a considerable extent ready formed in sumach. 

I next proceeded to examine the tannin. I n  order to oh- 
tain the tannin of'siirnach free from gallic acid, I macerated a 
very considerable quantity of' sumach in a very little cold 
water, filtered the liquid, and threw dowti the tannin it con- 
tained by adding to the solution about half its bulk of sul- 
phuric acid by small quantities at a time. The precipitate, 
which had a brownish yellow colotir, was tolerably abundant. 
I t  was collected on a cloth filter, washed with a little cold 
water, and strongly compressed so as to remove as much of 
the sulphuric acid as possible. I t  was then dried and distilled. 
I t  yielded crystals of pyrogallic acid as freely as the same 
quantity of tannin of galls would have done. The products 
of the distillatioii of tannin from both these sources are, there- 
fore, the same. 

I n  order to see if the analogy extended any fiirther, 1 was 
induced to try if the tannin of sumach would be cunverted into 
gallic acid by being boiled with dilute sulphuric acid, as is the 
case with tannin when siniilarly treated. A second portion, 
therefore, of the tannin of sumach precipitated by sulphuric 
acid and purified like the former, was boiled for a11 hour  with 
a mixture of two parts water and one of sulphuric acid. I t  
was filtered while hot. When the liquid cooled, an abundant 
crop of hard, dark brown crystals appeared. They were col- 
lected,on a filter and washed with a little colcl water, theii 
pressed and dried. They were repeatedly dissolved in small 
quantities of water, and boiled with purified animal charcoal 
till they were perfectly colourless. When subjected to atialysis, 

I. 0.279 acid gave 0.ti0.5 carbonic acid, and 0*945 water. 
11. 0'3145 gave 0'56'75 carbonic acid, and 0.1056 water. 

I .  11. Calcil lat ed. 
c 5oa4 4Ygi8 7 C = 99-89 
14 3-76 3.73 3 H =  3.49 
0 46*20 P(i '4 .9  5 0 = 46'62 

100'00 100-00 100~00 
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Astrirgeizt Substances (IS Sources of PyogaZlic Acid. 1 37 

These results again agree with the numbers of hydrated 
gallic acid. 

The  bibasic gallate of lead was also formed with another 
portion of the acid in the way already described. 

I. 0-690 salt gave 0'153 oxide and 0.3948 lead = 76.18 
per cent. oxide. 

11. 0.7415 salt gave 0-1 745 oxide and 0'3635 lead = 76*34 
per cent. oxide. 

There caii be no doubt, therefore, that the acid produced 
by the action ofsulphuric acid on the tannin ofsumach is the 
gallic acid, precisely as is the case with the tannin of galls. 
Another portion of the tannin of sumach precipitated also by 
sulphuric acid, and which had been freed as much as posible, 
by being washed and compressed, from any adhering acid, 
was kept well moistened in an open vessel for more than five 
weeks at a temperature of about 70" F. I t  revdily yielded 
crystals of gallic acid when treated with alcohol and Ether in  
the way already described. Sumach, therefore, appears to ap- 
proach the riature of nut-galls more closely than any of die 
other astringent substances. This fact is well known to T u r -  
key-red dyers, who have long successfully employed sumach 
as a substitute for galls; as might be expected, a greater weight 
of suniach is required to produce the satne effect, as the quan- 
tity of gallic acid and tannin contained in  sumach ismuch less 
in proportion to its hulk than in  nut-galls. 

T h e  effect of' the action of sulphuric acid upon the tannin, 
both of sumach and ofgalls, varies very much according to the 
strength of the acid employed. When the preparation of gal- 
lic acid alone is our object, we succeed best by using acid di- 
luted with seven or eight times its bulk of water. The digestion 
should be continued for a day or so, new quantities of water 
being added from time to time as the evaporation proceeds. 
When the digestion is finished, the liquid should be concen- 
trated by a very gentle heat. Nearly the whole of the tannin 
is converted into gallic acid, which is deposited in crystals 
which are only slightly coloured, and therefore easily purified. 
If, on the other hand, more concentrated acid is used, the 
crystals are very dark-coloured, and require repeated digestion 
with animal charcoal, which occasions both trouble and loss. 
Besides, concentrated acid converts only about a half of the 
tannin into gallic acid. The  other portion is changed into a 
dark-coloured pulverulent substance possessing decided acid 
properties, at id very much resembling hiimus in appearance. 

dctioii  of Muriatic Acid upon Tannin. 
Muriatic acid converts tannin into gallic acid in precisely 

Chene. SOC. Mem. VOL. I .  R 
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138 Dr. Stenhouse on some 

the same way as sulphuric acid does, If the muriatic acid is 
pretty dilute, and the digestion conducted with a moderate 
heat, the tannin is almost wholly resolved into slightly co- 
loured gallic acid, and a very little only of the insoluble black 
matter appears. If, on the contrary, we employ an acid di- 
luted with even three times its bulk of water, and continue the 
boiling for an hour, about half of the tannin is changed into 
very dark coloured gallic acid, and the rest is converted into 
the insoluble black matter already mentioned, I n  order to 
ascertain that the acid obtained by this process was really 
gallic acid, it was purified and subjected to analysis. I t  pos- 
sessed all the reactions of ordinary gallic acid. 

I. 0'2721 gramme substance gave 0*487 carbonic acid, and 
0-0865 water. 

11. 09902 gave 0.5235 carbonic acid, and 0.091 water. 

c 49'49 49%7 7 c =49*89 
H 3.53 3.48 3 H =  3'49 
0 46.98 46.65 5 0 =46*62 
100~00 100'00 100.00 

In  order to determine the atomic weight of the acid its 
basic lead salt was prepared in the way already mentioned. 

1. OT58 salt p v e  0 245 oxide and 0*307 metallic lead 
= 7 5 9 5  per cent. oxide of lead. 

11. 0.771 salt gave o*cL12 oxide and 0'347 metallic lead = 
75.97 oxide per cent. 

The  calculated quantity of oxide of lead in the bibasic gal- 
late is 76.69 per cerit. 

From these results there can be no  doubt that the acid was 
gallic acid. 

Tannin is precipitated from its solution by muriatic acid 
even more perfectly than by sulphuric acid, and it is a matter 
of indifference which of the two acids w e  employ in order to 
convert it into gallic acid. T h e  only advantage attending 
the employment of muriatic acid is that by evaporating the 
mixture of the two acids nearly to dryness on the water-bath, 
the greater portion of the muriatic acid may be easily driven 
O f f  

Nitric acid does not precipitate tannin from its solution, 
but almost immediately converts it with evolution of deutoxide 
of azote into very pure oxalic acid. 

The pulverulent substance already mentioned as produced 
along with gallic acid by the action of muriatic and sulphuric 
acids upon tannin, has very much the colour of soot and is 
nearly tasteless. I t  is insoluble in cold water, and very slightly 
so in boiling water. When laid on moistened litmus paper, 

I. I I. Calculated. 
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Astringent Substances as Sources of Yyrogallic Acid. 1 39 

however, it reddens it strongly. I t  consists of at least two 
substances, one of which only is soluble in hot alcohol, so that 
they may be easily separated by this means. They both 
dissolve very readily in alkalies, and decompose the carbonates 
when assisted by heat. When saturated with ammonia and 
rendered neutral by digestion, they give dark brown precipi- 
tates with salts of silver, copper, iron, lead, barytes and lime. 
Their alkaline solutions are dark brown, and they are com- 
pletely precipitated by acids. These humus-like substances 
are produced by the action of the acids on the tannin only, 
for on boiling gallic acid with concentrated muriatic acid for 
several hours I did not succeed in obtaining even a trzce of 
them. I am at present engaged in their further investigation. 

VaZotk-The next of the astringent matters examined 
was valonia. I t  is the acorn of the Qumcus Bgi lops ,  and is 
imported in considerable quantities from the Levant for the 
use of the tanners. The  dried extract of valonia prepared 
like that of sumach, when destructively distilled, gave no indi- 
cation of pyrogallic acid. Valonia was next examined for 
gallic acid. A strong solution of it was precipitated by glue, 
and the clear liquid evaporated to an extract and heated with 
spirits of wine. The  spirits of wine were distilled off, and the 
residue treated with zther exactly as sumach had been. A very 
small quantity of crystals was obtained. They exhibited the 
reactions of gallic acid on salts of iron and other reagents, 
and when distilled yielded crystals of pyrogallic acid. I have 
every reason to believe that these crystals were gallic acid, 
though from the smallness of their quantity I was unable to 
subject them to analysis. Valonia, therefore, may be regarded 
as containing a little gallic acid, but its quantity is so inconsi- 
derable as probably not to arriount to a thirtieth of what su- 
mach contains. 

The  most concentrated solutions of valonia give a very 
scanty precipitate when treated with siilphuric acid : and a 
large quantity of valonia must therefore be employed to yield 
any quantity of tannin by this process. T h e  precipitate has 
a bright yellow colour. When distilled it left a very bulky 
charcoal, and gave scarcely any empyreumatic products. The 
liquid which passed into the receiver was nearly colourless, 
and did not give the least indication of pyrogallic acid. The  
tannin of valonia appears, therefore, essentially different from 
that of nut-galls. 

Oal; Bark.--The extract of oak bark when dried and di- 
stilled, also gave no indication of gyrogallic acid. I then en- 
deavoured to obtain gallic acid by treating a decoction of oak 
bark in the way already described. Though I operated on 

R 2  
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140 Dr.  Ytenhouse 071 some 

consiclei-able quantities, such as six and eight pounds, i did 
not succeed iri the course of several trials in obtaining any 
crystals of gallic acid. I apprehend, therefore, that if oak 
bark contains any gallic acid at all, it must exist in very mi- 
nute quniitity. The  tnniiin of oak bark when precipitated by 
sulphuric acid had a reddish brown colour. When subjected 
to distillation it gave 1 1 0  indicatioii of pyrogallic acid. T h e  
taniiiii was also boiled with dilute sulphuric acid. I t  became 
darker coloured and nearly insoluble either in hot or cold 
water. I t  was a little more soluble, though very sliglitly so, 
in alkaline leys. On the addition of an acid a few reddish 
flocks precipitated. Spirits of wine also dissolved a little of 
it, and assumed n light red colour. T h e  tannin of oak bark 
appears, therefore, also t o  differ from that of nut-galls. 

~%v~-&n~.-'~he astringent substance by some called Divi- 
divi, by others LiSi-divi, has of late years been imported into 
Great Britain frorn Carthagena in considerable quantity. I t  
is the pod of a legiimirious shrub which grows to the height 
of between twenty and thirty feet. Professor 13alfour informs 
me that its botanical name is Crzsalpin coriaria. I t  is a 
native of South America, and is noticed by Dr.  McFadyen 
in his Flora of' Jamaica, as occurrinv in that island. T h e  
pods of this shrub, which Corm the divi-divi of commerce, are 
of a dark brown colour, nearly three inches long and about 
half an inch broad. They are very much curled up, as if 
they had been stronely dried; and contain a few flattish seeds. 
The taste of divi-divi is highly astringent and bitter. T h e  
astringent matter is contained only in the outer rind of the 
pod ; the inner skin, which incloses the seeds, is nearly taste- 
less. The  pods are often perforated with small holes, evi- 
dently the work of some insect. The  aqueous solution of 
divi-divi gives a copious precipitate with gelatine, and strikes 
a deep blue with persalts of iron. 

When dried extract of divi-divi was distilled, the liquid 
which passed into the receiver, though it gave no crystals of 
pyrogallic acid, evidently contained that substance, as it ex- 
hibited all its characteristic reactions. 

When clivi-divi was treated for gallic acid in the way I 
have already described, 1 easily succeeded in obtaining a con- 
siderable quantity of reddish-coloured crystals, which, when 
purified like the others with animal charcoal, became per- 
fectly white. They had the usual reactions of gallic acid, 
and yielded pyrogallic acid when distilled. 

When dried at 212' F. and subjected to analysis,- 
I. 0.3034 grainme acid gave 0°5$0 carbonic acid, and 

O - l O l $  water. 
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Aslrt'ngent Substances as Sources of Pyrogallic Acid. 
11. 0.3052 gave 0.5505 carbonic acid and 0-1012 water. 

c 60-12 49%7 7 c =49*89 
H 3.72 3.71 3 H =  3-49 
0 46'16 46.42 5 0 =46*62 

1 oo*oo 100'00 100-00 
In order to determilie the atomic weight of the acid, I 

formed the bibasic gsllate of lead. 
I. 0.706 of this salt gave 0.3325 lead, and 0'1802 oxide = 

'76.25 per cent. oxide of lead. 
11. OW37 salt gave 0*315 lead and 0.340 oxide of lead = 

76'58 per cent oxide. 
Now the bibasic gallate of lead C7 H O3 + 2 P bo contains 

'76*69 per cent oxide of lead; there can, therefore, be no doubt 
that it was the salt analysed, and that gallic acid occurs to a 
considerable extent ready formed in divi-divi. 

Sulphuric acid throws down a very scanty dark brown pre- 
cipitate, even in highly concentrated solutions of divi-divi. 
When dried and distilled, it did not yield any trace of pyro- 
gallic acid, and left a very bulky charcoal. The  tannin of 
divi-divi appears, therefore, esseiitially different from that of 
nut-galls. 

Mr. Harvey informs me that a few years ago some calico- 
printers endeavoured to employ tlivi-divi as a substitute for 
galls, but the large quantity of niucilage it contained rendered 
it unfit for this purpose. 

It is at  present pretty extensively employed in the tanning 
of leather, as the quantity of tnnnin it contains is considerable, 
and the presence of mucilage is not injurious to that process. 

Gum Kina.-The species of kin0 which I examined was the 
African variety. I was unable to detect in it any trace of 
gnllic acid. Sulphuric acid threw down the tannin of kino as 
a bulky dark red precipitate. When distilled, it gave scarcely 
any volatile products, and no trace of pyrogallic acid. When 
digested with nitric acid, gum kino wits wholly converted into 
oxalic acid. 

Cntechu.-It was the light-coloured cubical variety of ca- 
techu that I employed. It does not contain any gnllic acid, 
but catechin and a variety of tannin which gives olive green 
precipitates with salts of iron. Sulphuric acid throws down 
the tannin of a brownish yellow colour. When boiled with 
dilute sulphuric acid, it becomes dark brown. Like the tannin 
of oak bark, it is insoluble either in cold or boiling water. 
When boiled in strong alkaline solutions, it only dissolves to 
a very stnall extent. I t  is also insoluble in alcohol arid Ether. 
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When distilled, the tannin gave no iridication either of pyro- 
gallic acid or of pyrocatechin. 

Catechin, which is the part of catechii insoluble in cold 
water, when distilled, yielded the pyrocatechin of Zwenger in 
considerable quantity. So far as I examined it, pyrocatechin 
appeared to possess the properties ascribed to it by that che- 
mist. 

In conclusion, I may mention that this is only the first of a 
series of papers on the astringent substances. 

Glasgow, Oct. 26, 1842. 
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