AUTHOR’S PREFACE.

Tis English edition of my “ Anleftung-zur quanti-
tativen Bestimmung der organischen® Atomgruppen ™
has been prepared by Dr. J. Bishop Tingle, to whom I
am "greatly indcbted for the carc he has bestowed on
it. I have endecavored to’ bring it into conformity
with the present state of the science by various cor-
rections and additions. It has beén further improved
by certain changes in arrangement which Dr. Tingle
has made, and he has also added varions notes. The
present cedition is thus a decided advancement on the
German one, and I trust that in its new form it may
gain many ncw friends wlilst retaining its old ones.

Dr. IIaANS MEVELL

I'raGi, October 1899.
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TRANSLATOR’S PREFACE.

T success of the German edition of Dr. Meyer's
bool was only onc of tlic recasons that led to the prep-
aration of this translation. The quantitative side of
organic chemistry, apart from elementary analysis, is
almost always ncglected in the ordinary courses of in-
struction, and wlen the need for it arises, in the pros-
ecution of research work for instance, it is difficult to
obtain a comprehensive view of the methods which are
available without undue expenditure of time. This
little work supplies, for the first time, a systematic
treatment of these methods which, it is hoped, may
help to remove this drawback and may also encour-

_age the introduction of somec guantitarive work into
the college courses of organic preparations, since suich
a departure could scarcely fail to be Dbeneficial in
various ways to the student. Ifrom the tramslator’s
cxperience with the German cdition he belicves tlat
the present one will be scerviceable to instructors and
scnior students of orgaunic chemistry.  Considerable
care has been bestowed on the proof-sheets, and it is
hoped that the crrors whicli may have escaped notice
are not too glaring.

Lrwis INs11TUTE, ClllcAco, IiL.,
October 18qq.
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DETERMINATION OF RADICLES IN
CARBON COMPOUNDS.

Cirarrer T

INTRODUCTORY. DETERMINATION OF
HYDROXYL (-OH).

THE quantitative analysis of inorganic compounds,
as usually performed, consists almost exclusively in
the determination of ions, since it the present state of
the science this generally suffices for the identification
of the substancc; but to attain the samec end in the
case of organic bodies the clementary analysis re-
quires supplementing by other methods. The per-
centage composition gives no information about the
rclative arrangement of the atoms in tlic molecule,
but the demand for mecthods of analysis which will
yicld such knowledge incrcases with our growing in-
sight into thec constitution of carbon compounds.
To supply this want certain ““ quantitative reactions”
have been applicd for the determination of special
groups of atoms; they are widely, but almost exclu-
sively, employed by tecltnologists in the analysis of
such substances as fats, waxcs, resins, cthereal oils,

caoutchouc, glue, paper, etc., and the results are
1



2 RADICLES IN CARBON COMPOUNDS.

?

‘“saponification num-
ace-

known as the ‘“acid number,’
ber,”’ ' iodine number,” ‘‘methoxyl number,
tyl number,” < carbonyl number,” ctc. The deter-
minztion of such “‘numbers” or ‘“values™ obtained
by the action of some reagent on a known weight
of substance is frequently insufficient for scientific
investigation, this renders it neccssary to work
out a special process for each group of organic com-
pounds in order to determinc the radicles which are

LR ¢

present.

The reactions of organic compounds arc only in
part ionic; usually they are conditioned by the con-
figuration and state of cquilibrium of the molecule,
and consequently a reaction which readily occurs with
one compound may totally fail with another of very
similar constitution on account of stercoisomerism; or,
by substitution, a radicle may approximate morc or
less closely to the character and fuuctions of another
one. In these cases the quantitative separation of the
compounds is more difficult, and can frequently only
be accomplished by differences in crystallizing power,
or by the preparation of derivatives which can be
volatilized without decomposition.

Since the course of a particular rcaction of an inor-
ganic compound is only conditioncd by the behavior
of the ions which are to be determined, it follows that
the analytical methods are in a scnsc independent of
the nature of the compounds investigated, and conse-
quently of very wide application. The matter is far
otherwise with organic compounds: therc arc very
few processes which, like Zicsel's mcthod for deter-
mining methoxyl, can be applicd almost universally.



DETERMINATION OF HYDROXYL. 3

Usually, theu, it becomes nceessary for the analyst
himsclf to sclect the mietltod most appropriate for
his special purpose, or, perltaps by a combination of
scveral, to devise one whiclh may lead to the desired
result.  The successful methods hitherto proposed
for the determination of organic radicles have been
collected togetlter in this work, and it is hoped that
thcy may serve to indicate the direction in which
researclh may be successfully prosecuted for the dis-
covery of new ones applicable to hitherto unforeseen
conditions.

DETERMINATION OF HYDROXYL (-OH),

The determination of the hydroxyl radicle in or-
ganic compounds consists in the preparation of deriva-
tives by the following methods:

(1.) AcYLATION.—This consists in the introduc-
tion into thc hydroxyl compound of the radicle of
onc of the acids mentioned below:

Acetic acid ;

DBenzore actd and its substitution products;

DLlhenylsulplonic acid.

Of less frequent employment arc the radicles of

Dropionic actd ;

Isobutyric acid ;

Phenylacetic acid.,

(I1.) ALKYLATION.—Confined usually to tlte prep-
aration of denzyl derivatives.

(I11.) The preparation of CARBAMATES.

(IV.) The formation of ESTERS OF PIENYLCAR-
BAMIC ACLD,
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As a rule, attention is first dirccted to thic prepara-
tion of an acctyl or benzoyl derivative, the former
usually by Licbermann & Hérmann's method (sce

page 7), the latter by that of Lossen or Schotten-
Baumann (sce page 18).  Not infrequently, however,
it becomes nccessary to resort to one of the other
forms of procedure in order to determinc the consti-
tution of the body under investigation. As the
groups NII,, NH, and SH are all capable of acylation,
care. is required to avoid confusion if the original
compound contains nitrogen or sulphur, Instances
are known of acctylation taking placc in the absence
of liydroxyl and of the groups just referred to, thus
diacetylhydroquinol is formed from quinone, acctic
anhydride, and sodium acetate;' tetrachloroquinouc
and acetyl chloride yield diacctyltetrachlorohydro-
quinol;® whilst pyrogallophthalein (g:lllc'fn), which
contains only two hydroxyl groups, forms a tctracctyl
and tetrabenzoyl derivative.® Acctylating reagents
frequently cause isomerization or polymerization, and
sometimces lead to the production of anhydrides, etc.;
thus benzhydrylacctocarboxylican hydride is obtained
from the isomeric orthocinnamocarboxylic acid by
the action of acetic anhydride and sodium acctate,*
and cantharic acid when heated it a scaled tube with
acetyl chloride yields isocantharidin.® In view of
these and similar facts, care should be taken to hydro-
lyse the presumptive acctyl derivative and identify
the product with the original substance; should this

! Saranw, 3. 12, 68o. ? Gracbhe, Ann. 146, 13.
3Buchka, B. 14, 1327. ¢ Benedikt and Ehrlich, M. 9, 529.

¢ Anderlini and Ghiro, B. 24, 1998.
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not be possible, then proof must be obtained that the
erivative docs actually contain the acid radicle, the
introduction of which s been attepted.

I. METHODS OF ACETYLATION.
(1) PREPARATION OF ACETYL DERIVATIVES,

The following rcagents arc cmployed for the prepa-
tion of acctyl derivatives from organic compounds
containing hydroxyl groups:

(A) Acctyl chloride,

(B) lectic anlipdride, sodium acctate.

(C) Glacial acetic actd.

(D) Clloracetyl cliloride.

(A) Acetylation by Means of Acetyl Chloride.

(@) Many hydroxyl derivatives react with acetyl
chloride when simply mixed or digested on tlie water-
bath. It is convcenient to dissolve the substance and
the chloride in bunzenc, and boil the solution until
the evolution of hydrochloric acid ccases. If there is
no danger of the ltydrogen cliloride causing sccondary
rcactions (hydrolysis), of which an interesting case has
been recorded,’ the substance may be heated with the
chloride in a scaled tube without solvent.  Certain
dibasic hydroxy acids of the aliphatic scries, such as
mucic acid, which are ot changed with acctyl chloride
alone, frequently react with it on the addition of zinc
chloride.” In general, it may be stated that acetyl

V1lerzig and Schiff, B. 30, 307. Cf. Bamberger and Landsiedl,
M. 18, 307.

9 s a0



6 RADICLES IN CARBON COMPOUNDS.

chloride ouly reacts readily with alcohols and phenols,
but, as it may lcad to the production of anhydrides
from polybasic acids, these are usually employed in
the form of csters, which has the additional advan-
tage of yiclding products tltat are much morc casily
distilled than the corresponding derivatives of the
acids themselves.'

(8) The following metliod” is frequently more con-
ventient than the ‘‘acid® acctylation just described.
The substance is dissolved in ether or benzene, and
digested with the nccessary quantity of acctyl chloride
and dry alKali carbonatc, the latter being in the pro-
portion necessary to form a hydrogen salt as repre-
sented by the cquation:

R.OH -+ CH,.COCl + K,CO, » R.0.CO.CH, -
KCl+ KHCO,.

(¢) Acctylation by mecans of acetyl chloride apnd
aquecous alkali is described on p. 2o,

(@) It is oftcn convenient to allow the acetyl chlo-
ride to react with the compound under investigation
in pyridine solution.’

(¢) Diacetylacctone could only be acetylated by al-
lowing its barium salt to react with acetyl chloride at
the ordinary temperature.*

(/) Instead of acetyl chloride phosphorus trichlo-
ride, or preferably the oxychloride, or pliosgene may
be employced; they are allowed to rcact on a mixture
of the substance and acetic acid in the proper propor-

! Wislicenus, Ann. 129, 17. ?L. Claisen, 13. 27, 3182.
2 A. Deninger, B. 28, 1322, ¢ Feist, Zhid. 28, 1824.
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tion."” Thus, for c¢xample, plienol is readily accty-
lated Dby hcating it at $0° with an equimolecular
proportion of acectic acid and adding pliosphorus oxy-
chloride (§ molceule) gradually, by means of a dropping
funncl.  When Itydrogen chiloride is no longer evolved
the product is poured into cold aqueous soda solution ;
after further washing with highly dilute alkali it is
trecated once with water, dried by meaus of calcium
chloride, and distilled.

(B) Acetylation by Means of Acetic Anhydride.

(2) The substance is usually boiled with s—10 parts
of anhydride, or heated with it in a scaled tube during
several hours.

(4) Not infrequently the substances must only be
allowed to rcact during a short time, at a compara-
tively low tcmperature. Bebirine, for instance, is
readily acetylated when digested with the anhydride
during a short time at 40°-50°, but by its prolonged
action amorphouns substances are formed.?

(¢) The substance may be mixed with an equal
weight of dry sodium acetate, and 3—4 parts of the
anhydride, and boiled for a short timc in a reflnx
apparatus;” in the casce of small quantities of substance
2—3 minutes boiling may suffice. The action ap-
pears to depend on the production of a sodium salt
of the compound under examination, which then rc-
acts with the anhydride. This mecthod yiclds, on the
whole, the most trustwortly results of any, and scl-

! J. pr. 25, 282; 26, G2; 31, 407. ? 3. 29, 2057.
3 C. Liebermann and O. ldrmann, Z4/. 11, 1619.
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dom fails to give complctely acctylated derivatives.
It fails in tlie case of the a-hydroxyl of the hydroxy-
quinolines,’ though these compounds yicld benzoyl
derivatives.

(d) A mixture of acctic auhydride and acctyl
chloride ntay be wsed, or the action of the anhydride
may be started by mcaus of a dvop of concentrated
sulphuric acid.?

(¢) The addition of zinc cliloride ad of staunic
chloride* ltas also been recommended.

(C) Acetylation by Means of Glacial Acetic Acid.

Acetylation, cspecially that of alcoltolic hiydroxyl
groups, may often be accomplished by heating tlic
substance with glacial acctic acid, under pressurc if
necessary; the addition of sodium acctate is also
advantageous, and, in some cascs, this is the ouly
method which gives the desired result. Thus, caiu-
phorpinacone yiclds a clloride when treated with
acetyl clloride, and is not changed by boiling acctic
anhydride, but when it is boiled with glacial acetic
acid for a short time, a stable acctyl derivative 1s
formed, and an isomeric ““labile " one by the action
of the acid at the ordinary temperature during
twenty-four hours,®

(D) Acetylation by Means of Chloracetyl Chloride.

This reagent has also been uuploycd occastontally,

! J. Diamant, M. 16, 770. Cf. L.l (,osu. and Valenr, 3. 20, 1822.
? Franchiment, B. 12, 1041.
# Franchiman¢, C. r. 89, 711; 13, 12, 2058.
¢ H. A. Michael, B. 27, 2686. * Beckmann, Aan. 292 17,
¢ Klobukowsky, B. 10, §81. Cf. J4id. 31, 2790.
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II. ISOLLATION OIF TIIE ACETYL
DERIVATIVIS.

Acctyl derivatives arc isolated by pouring the
product of the reaction into watcr.  The excess of
acctic acid may also be removed by the addition of
mcthylic alcohol to convert it inta metltylic acctate,
which is then volatilized; residual acetic anliydride
is scparated by distillation under reduced pressure.
Acctyl derivatives, soluble in water, may often be pre-
cipitated by the addition of solid sodiwn carbonate, or
by cxtracting the solution with chloroform or benzenc.
LEthylic acctate frequently proves to be an excellent
medinm  for the subscquent recrystallization of the
acctyl product.

ITI. DETERMINATION OIl° THE ACETYL
GROUYs.

The various acctyl derivatives of a compound
usually differ little in percentage composition, so
that clementary analysis scldom affords information
as to the number of acctyl groups which have entered
the original molecule; thus, the mono-, di-, and tri-
acctyl derivatives of the trihydroxybenzenes have
an identical percentage composition.  In suclt cascs
the acctyl groups must be climintated and the acctic
acid formed determined directly or indirectly.

(A) Hydrolytic Methods.

The following reagents arc cmployed for the
hydrolysis of acetyl compounds:
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(@) Water.

(0) Potassium liydroxide, sodium hydroxide.

(¢) Barium leydroxide,

(d) Magnesia.

(e) Hydroclioric actd.

(f) Sulphuric acid.

(o) Hydriodic acid.

(@) Some acctyl derivatives are ltydrolysed by
heating with water under pressure; thus butenyltri-
acctin, CH, (C,H,0,),, is completely hydrolysed by
heating it with forty parts of water at 160° in a scaled
tube, and the liberated acctic acid may be titrated.!
Diacetylmorphine also loses onc aceytl group by

boiling it with water,* and acetyl dihydroxypyridine
is still more unstable.’

(¢) Hydrolysis by means of potassium hydroxide
or sodium hydroxide is specially uscful for the
analysis of fats. The compound (1-2 grams) is
gently boiled on the water-bath during fiftcen min-
utes, in a wide-necked flask of 100-150 cc capacity,
with alcoholic potash (25—50 cc) of known strength,
which should be about N/2. During the heating
the neck of the flask is covered with a cold funncl;
at the conclusion of the hydrolysis phenolphthalcin is
added, and the excess of alkali dctermined by means
of N /2 hydrochloric acid.* “/The method may also bc
employed for the deterniination of the molecular
weight of the aliphatic alcohols. This is obtained

! Lieben and Zeisel, M. 1, 83s.

* Wright-Beckel, Journ. Ch. Soc. 12, 1033. Danckwortt, Arch.
Pharm. 226, 57.

3 M. 18, 610. 4 Benedikl and Ulzer, M. 8, 41,
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. 56100 .
from the cxpression M= v T4 where M is the

molecular weight, and V the number of milligrams of
potassium hydroxide requircd to hydrolyse 1 gf'gm of
the acetyl derivative. If the compound is affected
by air, the hydrolysis is carricd out in an atmos-
phere of hydrogen;’ should the original compound
be insoluble in dilute hydrochloric acid, the acetyl
derivative may be boiled with aqucous potasl, the
product acidified, and the precipitate weighed.?

(¢) Barium hydroxide may be cmployed in maiy
cases where potash causes dccomposition, thus
haematoxylin yiclds formic acid when boiled with
highly dilute alkali, but barium hydroxidc rcadily
hydrolyses its acetyl derivatives without further
decomposition.” One method of procedure* is to
boil the compound under investigation with the
hydroxide during 5-6 hours in a reflux apparatus.
The product is filtered, the filtrate trcated with car-
bonic anhydride in excess, again filtered, and tlhe
filtrate cvaporated. The residuc is dissolved in
water, the liquid filtered, and, after washing, the
barium in the filtrate is determined as sulphate.
Since all the above operations are conducted in glass
vessels, some alkali from these may ncutralize a por-
tion of tlhe acctic acid and a correction tlis becomes
nccessary.  This is obtained by concentrating the
filtratc from the barium sulphate in a platinum dish;

! Klobnkowsky, B. 10, 882.

? Vortmamu, *‘Anleilnng zur chemischen Analyse organischier
Stoffe,” p. 59.

3 Erdinann and Schultz, Ann. 216, 234. Xlerzig, M. 6, S6.
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when the excess of sulphuric acid has bcen volatilized,
the residue is treated with pure ammonium carbonate
until its Weight becomes constant. It is now dissolved
in water, the silica removed, and the sulpliates in the
filtrate determined as barium sulphate, the weight of
which is added to that first found. If the liydrolysis,
etc., can be carried out in vesscls of silver,’ the above
correction is unnecessary. The action of the barium
hydroxide solution is promoted by the previous
addition to the substance of a few drops of alcoliol.?

(d) Magnesia is genérally employed in the follow-
ing manner:*® Ordinary ‘¢ ignited magncsia,” and the
basic carbonate (magnesia alba) arc both unsuitable,
as they contain alkali carbonates which arc difficult
to remove. The magnesia is prepared from tlic sul-
phate or chloride, which must be frec from iron: the
solution is treated with alkali hydroxide in quuuitity
insufficient to cause complete precipitation; after
thorough washing the magnesia is retained as a pastc
under water. The acetyl derivative (1—1.5 grams) is
intimately mixed with thc magnesia paste (about g
grams) and a little water, and transferred, togcther
with water (100 cc), to a flask of resistant glass. The
mixture is boiled in a reflux apparatus during 4.6
hours, although usually the hydrolysis is contplctal
in 2-3 hours. The liquid is concentrated in tlic flask
to a third of its original volume, cooled, filtercd by
means of a pump, the insoluble portion washed, and
the filtrate and washings treated with ammonium

! Lieben and Zeisel, M. 4, 42; 17, 69.
? Barth and Goldschmiedi, B, 12, 1237,
* H. Schiff, /6d. 12, 1531. Ann. 164, 11.
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chloride, ammonium ltydrate, and ammoniacal sodium
phosphatc.  The maguesium ammontium phosphate,
after standing during twclve hours, is filtered, dissolved
in dilute hydrochloric acid, and reprecipitated by
means of ammonium hydrate; 1 part of Mg, ’,0, =
0.774648 parts of C,11,0. The solubility of magnesia
in highly dilute solutions of magncesiam acctate is too
small to rcquire a correction. Ilven ‘¢ insoluble™
acetyl derivatives may be hydrolysed lhy magnesia,
provided ‘that they arc in a finely divided state, the
boiling being prolounged to twelve hours if nccessary.
The magucesia method is advantagcous in cascs wlere
the use of alkali causcs decomposition and the pro-
duction of colored substances which render titration
uncertain.

() If hydrochloric acid (sulphuric acid) is without
action on the hydroxyl compound, tlic acetyl deriva-
tive 1s heated with a known quantity of N/1 acid in
a scaled tube or pressure-flask at 120°-150°, and the
liberated acetic acid titrated.’

(f) Hydrolysis by mecans of sulpliuric deid is espe-
cially advantageous when the original substance is
insolublc in it. Tlte acid cmploycd should be free
from oxides of nitrogen and contain 75 parts of con-
centrated acid in 32 parts of water. Tl dilate acid
(10 cc) is mixed in a flask with a weighed quantity of
the acetyl derivative (about 1 gram), whicly, if ncces-
sary, may be previously moistened with three or four
drops of alcohol; thte mixture is warmed on a ltot hut
not boiling watcer-bath during a Italf hour, diluted with

! Schiitzenberger, Ann. de Ch, I'h. 84, 74. llerzfeld, 13. 13,
260. Schmocger, Z4id. 25, 1453.
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eight volumes of water, then boiled during 3-4 hours
on the water-bath, and allowed to rentain during
twenty-four hours at the ordinary temperaturc.  The
precipitated hydroxyl derivative is then collected
on a filter.”* Should the hydroxyl derivative not
be completely insolublc in the dilute acid a Dblak
experiment must be made and the corrcction intra-
duced.”

g) Hydriodic acid has also been employed for the
hydrolysis of acetyl dcrivatives.”

(B) Additive Method.*

This may be regarded as complementary to the
method described under /. In cases where the accetyl
derivative is insoluble in cold watcr, and the accty-
lation proceeds quantitativcly, the yield of product
from a given weight of hydroxyl compound gives
measure of the number of acctyl groups introduced.
This method has recently been applicd to the investi-
gation of the acetylation products of tannic acid.®

(C) Weighing the Potassium Acetate.’

This is applicable 'to compounds yiclding potas-
sium salts insoluble in absolute aleohol.  Tle acctyl
derivative (1-2 grams) is boiled with a sliglt cx-
cess of potassium hydroxide solution until it is com-

! Liebermann, B. 17, 1682. Ferzig, M. 6, 867 -5q0.
* Ciamician and Silber, 13. 28, 13¢s.
3 Ciamician, /é/d. 27, 421, 1030.
4 Goldschmiedt and Hemmelmayr, M. 15, 321.
& H. Schiff, Ch. Ztg. 20, 86s. ® Wislicenus, Ann. 129, 175,
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pletely hydrolysed, water being added to replace that
cvaporated. The remainiug alkali is ncutralized with
carbonic anlydride, the liquid cvaporated as com-
pletely as possible on thie water-bath, and the residue
tltoroughly extracted with absolute alcohol, Tl
alcoholic solution is evaporated to dryness and tlie
residue again extracted, any insoluble matter being re-
moved and well washed, and the liquid evaporated in
a tared vessel.  The dricd potassiumi acetate remain-
ing is then cautiously fused, allowed to cool over sul-
phuric acid, and weighed.

(D) Distillation Method.

Fresenius' first suggested that the acetic acid
from acctates could be liberated witlt phosphoric acid
and determined by distillation, with or without the
help of stcam. The mecthod was then applied by
various chemists to the hydrolysis of acctyl deriva-
tives, but since they replaced the phosphoric acid by
sulphuric acid their results were not satisfactory.?
Subscquently tlhie use of phosphoric acid was again
proposcd.’ Thie acctyl product is hydrolyscd by
mecans of alkalis or barium hydroxide, acidificd at the
ordintary temperature with phosphoric acid, filterad,
aid well washed; the filtrate and washings are then
distilled until the distillate is completely frec from
acid, fresh water being introduced into the retort from

! Z. anal. Ch. 5, 315; 14, 172.

? Erdinann and Schulze, Anv. 216, 232. Buchka sud Erk,
18, 1142. Schall, Z4/d, 22, 1561,

3 Herzig, M. 5, go.



16 RADICLES IN CARBON COMPOUNDS.

time to time as may bc necessary.  The distillation is
at first carried out over a flame aud subscquently {rom
an oil-bath, the temperaturc being allowed to risc to
140°-150°, or a water-batlt may be employcd, in which
case the pressure is redunced.”  The connections must
all be of caoutchouc, as corks would absorh acctic acid,
and the alkali and acid employced must Dbe free from
nitrates or nitrites. The presence of chlorides is not
hurtful, as these do not liberate hydrogen cliloride in
presence of the phosphoric acid, whicl: is onc adva-
tage it possesscs over sulplric acid.”  The distillate
is treated with baryta water in cxcess, aitd concen-
trated in a platinum dish, the cxcess of barium re-
moved by means of carbonic aultydride, and the fil-
trate evaporated to dryness; water is then added, the
liquid filtered, the insoluble portion well washed, and
the barium in the filtratc and washings deternmined as
sulphate, 1 gram BaSO, = 0.50064 gram C,11,0, or
0.5070 gram C,H O,.

The acetyl groups in acetylated gallic acids ® were
determined by mixing the substancc (3—4 graumns) with
pure alcohol (5 cc) and sodium hydroxide (2-3 grams)
dissolved in water (15 cc). After the hydrolysis was
completed, the alcohol was dissipated, the residue
acidified with phosphoric acid, the acctic acid driven
over in a current of steam, and its amount deterntined
by titrating the distillate with sodium lhydrate solu-
tion, phenolphthalein being used as indicator. Que
source of error in this method arises from carbonic

! H. A. Michael, B. 27, 2086.
?R. and H. Mecver, Jiid. 28, 2967.
* P. Sisley, Bull. Soc. Chini. 111. 11, §62. 7. anal. Cl. 34, .1066.
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anhydride, which is always present in the sodium
hydrate, and is often produced by the hydrolysis
itself; it naturally volatilizes togetlier with the acctic
acid. The difficulty may be avoided by heatintg the
neutralized liquid to boiling, adding a very small
quantity of N /1 acid, again boiling, and then neutral-
izing, the process being repeated until the neutralized
liquid ccascs to become red on boiling; this shows
that all the carbonates are decomposed and no loss of
acetic acid need be apprchended. It has been sug-
gested’ that, after the hydrolysis, climination of the
alcohol, and acidification by mecans of phosphoric
acid, the liquid should be boiled in a reflux apparatus
until the carbonic anhydride is removed, thie subse-
quent operations being similar to those above described.
Sources of crror in this method arc described on p.
26.°

BENZOYL DERIVATIVES.
(I) PREPARATION OF BENZOYL DERIVATIVES,

The following reagents are employed for the intro-
duction of the benzoyl radicle into hydroxyl com-
pounds:

Benszoyl chloride

DNenzoic anlyydride, sodtum beunsoate ;

p-Dromberzoyl cllovide, p-Bronbenzoic anlydride ;

o-Bronbensoyl clhloride ;

m-Nitrobensoyl clilovide ;

Llenylsulplonic cliloride.

! 1. Dobriver, Z. anal. Ch. 34, 460, foot-nole.
? Cf. Goldschmicdt and llemmehoayr, M. 14, 214; 15, 319.



18 RADICLES IN CARBON COMPOUNDS.

(A) Preparation of Benzoyl Derivatives by Means
of Benzoyl Chloride.

(@) The ‘“acid’ method consists in heating the sub-
stance with the chloride at 180° during several hours
in a reflux apparatus; it is not advisable to employ a
sealed tube unless there s assurance that the hydro-
chloric acid will not causc sccondary reactions nor; in
the case of nitrogcnous compounds, combine with
them to form hydrochlorides which would then cease
to react;’ when this may occur the calculated quantity
of chloride is employed, and the heating continued
during about four hours at 100°-110°.

(6) The preceding method has been largely super-
seded by the usc of the chloride in dilute aqueous al-
kaline solution.” 1t hasbeen widely applicd,® is usually
known as the Schotten-Baumann mectliod, and seldom
fails to give good rcsults. The substance is well
shaken with sodium hydvoxide solution (10%) and
benzoyl chloride in excess until the smell of the latter
is no longer noticeable.” If the benzoylation is to
be as complcte as possible more concentrated alkali
should be used, say fifty parts of soda (20%) and six
parts of the chloride in a closed flask.®  The tempera-
ture should not exceed 25°," and it is frequently de-
sirable to add the alkali and chloride alternately little
by little, whilst in some cases the former must be highly

! Danckworit, Arch. Pharn. 228, 5871.

? Lossen, Ann. 161, 348; 175, 274, 3l9; 205, 282: 217, 16; 265,
148, foot-note.

1 Baumann, B, 19, 3218. ¢ Baumann.

5 Panozmow, B. 24, R. g71. ¢ v. lechmann, /4id. 25, 1045.
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dilute.” It has also been found to be advisable to
use the reagents in the proportion of scven molecules
of soda and five of the chloride to cach hydroxyl;*
the alkali is dissolved it water (8—10 parts), and the
shaking and gentle cooling continuced during 1o-15
minutes,  Ifor experiments witlh pyragallol the flask
must be filled with coal-gas; i thie case of similar
substances which are so uustable in presence of caustic
alkali, sodinm carbouate,* bicarbonate, or sodium
acctate may be used.® Tlhe precipitated benzoyl deriv-
atives arc usually white and scmi-solid, and gradually
harden and crystallize by prolonged contact with water;
often traces of benzoyl chiloride or benzoic acid arc
rctained with great tenacity, Ifor the purification of
the benzoyl derivative of dextrose ® it was necessary to
dissolve out the crude product witlh cthier; this was
distilled off, and the residue treated with alcoltol,
which decomposcd the last portions of benzoyl chlo-
ride that had not been removed by prolonged shaking
of the ethercal solution with concentrated alkali. The
alcoholic liquid was treatcd with soda in excess, pre
cipitated with water, and tlic alcohol and cthylic ben-
zoate removed by nteans of stcami.  The residuc was
then repeatedly recrystallized; at first {rom alcohol,
then from glacial acctic acid,  The pure compound is
insolublc in cther, whilst the crude preparation readily
dissolves.  Benzoic acid may be frequently removed
by sublimation in vacuo, or by cxtraction with boiling

' B. 31, 1598. ?Skraup, M. 10, 390.
3 Lossen, Ann. 265, 148. 4 Bamberger, M. & J., 11., p. 546,
5 Skraup, M. 10, 395.
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carbon bisulphide.” Repeated extraction with allali
is usually cffcctive for the purification of benzoyl deriv-
atives soluble in ether, but it may produce partial liy-
drolysis. Commcrcial benzoyl chloride oftent contains
chlorobenzoyl chloride,” and since the chlorobenzaoyl
derivatives are less soluble tlan the benzoyl devivatives
thiemsclves, recrystallizationt is not adequate to sceurea
product free from clilorine. It appears also that pure
benzoyl chloride may yicld chloro-derivatives.”  Ben-
zotrichiloride may coutaint benzal cltloride;  during the
conversion of the former into benzoyl cliloride by the
action of lead oxidc or zinc oxide the latter ntay yicld
benzaldehyde, tlic preseitce of which would causc com-
plications.* Lactones often yicld benzoyl derivatives
of acids which arc soluble in alkali; they arce scparated
by acilifying and removing the benzoic acid from the
precipitate by steam distillation.”

Schotten-Baumann's method has also been applicd
to the preparation of acctyl derivatives, but with
comparatively little success on account of the greater
instability of acctyl chloride.’

(¢) Benzoyl derivatives may also be prepared in
ethereal or benzene solution, with the lwelp of dry
alkali carbonate,® or of tertiary bascs suclt as (quinoline,
pyridine, or dimethyl aniline.” (Cf. p. 6.)

(@) Sodium tthoxidc® may also be employced for the
decomposition of benzoyl clloride, and it was only in

! Barth and Schreder, M. 3, 8ou.
* V. Meyer, B. 24, 4251. Goldschmiedt, M. 13, 55, foot-note.
¢ B. 29, 2057. ¢ Hoffmaun and V. Mever, /4id. 25, 209.
$ /bid. 30, 127. 8 /bid. 217, 3183.
* L. Claisen, /#id. 31, 1023. 8 L. Claiscn,
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this mwamer that the benzoyl derivative of diacetyl-
acctone could be obtained.”  The ketone was heated
it o reflux apparatus during six lours, witlt two molec-
wlar proportions cach of Leuzoyl chiloride aitd sodina
cthoxide, whicl had been dried at 200%; after cool-
ing, the sodium chloride mtd benzene were reoved,
thie residuce dissolved i ethier, and the solution sliaken
with dilute alkali.

(¢) Pyridine may be nsed in place of aqueons, or
alcolwlic alkali.®  The product is triturated with dilute
hydrochloric ncid and recrystallized from alcoltol.

(B) Preparation of Benzoyl Derivatives from
Benzoic Aunhydride.

(a) The hydroxyl compound is hicated witlt benzoic
anhydride, in an open vesscl, at 1507 during 1-2
houvs.”

(0) In somc cases the use of benzoic anhydride
and sodium Dbenzoate produces a more complete
acylation than Scltotten-Baumant's method.  As
an examplc of its usc, scoparin (2 grams), benzoic
anltydride (10 grams), and dry sodium benzoate (I
gram) were licated in an oil-bath at 190° during six
hours; tlte product was treated at the ordinary tem-
perature overnight with aqueous sodium hydroxide
(2%4), and thc precipitated hexabenzoyl derivative
purified by mecans of alcoliol.

! Feist, B. 28, 1824. ? Deninger, Jéid. 28, 1322.
* Liebermanu, Ann., 169, 237.
¢ Goldschmicdt and 1lennnelmayr, M. 16, 327.
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Not infrequently the addition of sodivm benzoatc
is quite unnccessary.’

(C) Preparation of Substituted Benzoic Acid
Derivatives and of Phenylsulphonic Chloride.

(@) Parabromobenszopl  chloride. — Parabromoben-
zoic acid is intimatcly mixed with the equivalent
quantity of phosphorus pentachloride, and warmed
until the cvolution of hydrogen chloride slackens,
The product is then fractionated under reduced pres-
surc; the pure compound mclts at 42°, Dboils at 174°
(102 mm), and is rcadily soluble in benzene and
light petroleum.

(0) Parabromobenzoic ankydride® is prepared by
heating sodium parabromobeuzoate (3 parts) with
parabromobcenzoyl chloride (2 parts) at 200° during
an hour. It meltsat 212°, isalmost insoluble in cther,
carbon bisulphide, and glacial acctic acid, dissolves
slightly in benzcne, and is purified by recrystallization
from chloroform.

(¢) Orthobromobensoyl chloride* is prepared in a
similar manner to its isomer. It is a liquid, boiling
at 241°-243°, and may be distilled under the ordinary
pressure without decomposition.

(dY Mctanitrobensoy! cliloride® is formed from the
nitrobenzoic acid by gradually and intimately mixing
with it the requisite amount of phosphorus penta-

! Arch. Pharm. 235, 313. ? . 2), 2244.
3 Schotren and Schlémann, J&id. 24, 3689.
4 B. 21, 2244. Schapf, /4id, 23, 3436.
5 Claisen and Thompson, /Zéid. 12, 1943.
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chloride; the phosphorus oxychloride is removed by
distillation, and the rcsidue fractionated under re-
duced pressure. It melts at 34° and boils at 183°—
184° (50-55 mmy).

(&) Phenylsniplonic chiloride’ is obtained by lteating
sodium phenylsulphonate  with  pltosphorits  penta-
chloride in cquivalent proportions; wlhen tlic action
ccases the product is poured iuto water, the oily
portion removed, washied withh water, dissolved in
cther, and the solution decolorized by treatment
with animal charcoal.  The compound miclts at 14°
and boils at 120° (10 mm).

(D) Acylation by Means of Substituted Benzoic
Acid Derivatives and of Phenylsulphonic
Chlorides.

(@) LParabromobenzoyl clhloride, or parabromobenzoic
anylidride, has been used for acylation, the number of
the original Itydroxyl groups, being determined from
the bromine content of the product.”

(&) Orthobromobenzoyl chloride® and metanitroben-
sopl clloride* arc also well adapted {or the determi-
nation of hydroxyl groups.

(€) Lhenylsulphonic chloride® has been employced for

1 Otto, Z. f. Ch. 1860, 106.

*F. Loring Jackson and G. W. Rolfe, Ami. Chem. Jonrn. 9, 82;
B. 20; R. 524.

3 Schotten, J6id. 21, 2250,

4 Claisen and Thomipson, Jéid. 12, 1943. Scholten, /J4id. 21,
2244.

¥ Ilinsberg, B. 28, 2962. Schotten and Schlomanu, /4id. 24,

PV
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the same purposc; it is cither allowed to act like the
benzoyl chloride in the Schotten-Baumann mcthod,
or it is warmed with the htydroxyl compound (phenol)
and zinc dust, or zinc chloride.’

Phenylsulphonic derivatives are often more stable
tlhan the corresponding benzoyl compouuds.®

(2) ANALYSIS OF BENZOYL DEKIVATIVES.

(@) The exact number of benzoyl groups in many
benzoyl derivatives is shown by their clementary
analysis; in substitution products thc amount of
haloid, nitrogen, or sulphur is determined.

(6) The following mecthod las Dbeen suggested for
the direct determination of the benzoic acid:® The
substance (about 0.5 gram) is hiydrolyscd by heating
it during two hours at 100° in a sealed tube, with
concentrated hydrochloric acid (10 parts), which has
been saturated with benzoic acid at the ordinary
temperature. The product is allowed to remain
1-2 days at the ordinary temperature, filtered by
means of the pump, and the precipitate washed, at
first with more of the hydrochloric acid, then with
a saturated aqueous solution of benzoic acid. The
purified benzoic acid is now dissolved in N/10 so-
dium hydroxide solution in cxcess, titrated with
excess of acid, and the neutralization cffected with
the needful quantity of the soda solution. The
latter is standardized against pure benzoic acid,

! C. Schiaparelli, Gazz. 11, 6s. ¢ B. 30, 669.
# G. Pum, M. 12, 438.
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plicuolphthalcin being employed as the indicator.
The admixture of the acid and water during the
washiug of tlic benzoic actd always causes a precipi-
tation of benzoic acid, so that the results obtained
by this nicthod are invariably about 1 per cent. too
Ligl; therefore, this amouut must be deducted from
the percentage of acid found, or the exact cor-
rection ascertained by means of a Dblauk cxperiment
with the same quantitics of liguids as have been used
in the main onc.

(¢) A mcthod of more gencral application consists
in scparating the benzoic acid from the hydrolysed
substance by means of a current of steam, and ti-
tratitg the distillate;’ its principle is therefore
identical with the dctermination of acctyl groups,
and it presupposes that the compound under exam-
ination is completely hydrolysed by alkalis, and
yiclds no acid other than benzoic, volatile with
stcam. The substance (about ©.5 gram) is mixed
with alcohol (30-50 cc) and potassium hydroxide
in cxcess, and hcated in a reflex apparatus; when
the hydroylsis is completed the product is cooled,
acidificd with concenttrated phosphoric acid solution
or vitrcous pltospltoric acid, and distilled in a cur-
rent of stcam.  The distillation is conducted slowly
at first, and alcohol added, if nccessary, by mecans
of a dropping funncl, the object being to secure
the gradual deposition, in a crystalline state, of the
hydrolysis products as otherwise resinous substances
might surround the benzoic acid and considerably

! R. and 1l. Meyer, B. 28, 2906s.
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hinder its volatilization. When the distillate mecas-
urcs 1-1.5 liters, the following 150 cc are collected
scparatcly and tested for benzoic acid by titration,
and, as soon as it is no longer present, the distillation
is stopped.  The combined distillate is rendered al-
kalinte with a kuown quantity of N/10 sodium hydratc
solution, standardized against pure benzoic acid, and
evaporated in o platinum, silver, or nickel dish to a
volunte of 100-150 c¢, when tlie excess of alkali
is titrated back, the liquid Dbeing boiled to expel
carbonic anhydride; this may Dbe regarded as ac-
complished when boiling duriig ten minutes producces
no change in the indicator, which is aurin or rosolic
acid. In order to guard against the production of
sulphites and sulphates, the concentration of the
alkaline liquid is carricd out by mecans of a spirit
or petrolecum lamp, unless a special gas burner is
available.

(d) Benzoylmorphine has been examined by direct
titration." The substance was dissolved in mecthylic
alcohol, mixed with a little water, normal sodium hy-
drate solution (100 cc) added, and boiled in a rcflux
apparatus until a portion of it gave no turbidity
with water; titration with normal hydrochloric acid,
in presence of phenolphthalein, showed that the
original componnd was the monobenzoyl derivative.
The same method was successfnlly applied to the
analysis of dibenzoylpseudomorphine and tribenzoyl-
meythlpseudomorphine.

! Vongerichten, Ann. 294, 215. Cf, Knorr, 3. 30, 917-920.
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ACYLATION BY MEANS OF OTHER ACID
RADICLES.

Propionic anhydride, isobutyric anhydride, opianic
acid,” stcaric anhydride,” and phenylacetyl chloride
arc somctimes used for acylation, as their rclatively
higlt Doiling points facilitate their rcaction with the
hydroxyl compound.

(@) Propiony! derivatives are prepared by heating
the substance with propionic anhydride, in a stout,
closed bottle, at 100° during two lours; an open
vessel may also be employed, and the reaction started
by tlic addition of a drop of concentrated sulphuric
acid.?

(0) Isobutyryl derivatives are prepared in a similar
manner. Isobutyryl ostruthin was prepared by heat-
ing ostruthin (3 grams) with isobutyric anhydride
(10 grams) in a scaled tube at 150° during 3 hours.
The product was poured into watcer, allowed to re-
main until it became crystalline, washed with warm
water until ncutral, pressced, dricd by mecans of filter
paper, and recrystallized from alcohol.*

(¢) Lhenylacetyl chloride is not difficult to prepare,”’
and is used * like benzoyl chloride in Schotten-Bau-
mann’s mcthod, the substance being dissolved in di-
lute aqueous potassium hydroxide solution, and well
shalen with cxceess of the cliloride.

(&) The extent to which plosplioric acid may prove
uscful remains at present undetermined.”

! B. 31, 358. 2 Ann. 262, s. 3 Arch. Iharm. 228, r27.
4 Jassoy, Arch. Pharm. 228, s571. b 3. 20, 1389; 29, 1986.
¢ Minsberg, J4/d. 23, 2962, T Ihid, 30, 2368; 31, 1094.
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II. ALKYLATION OF HYDROXYL GROUPS,

The hydroxyl of phenol and primary alcohols is
capable of alkylation, and the number of alkyl
groups Introduced may be dectermined from the
resulting cthers by Zeciscl’'s method (cf. p. 33).
As a rale, the phenolic cthers are not hydrolysed
by alkalies (cf. p. 457), hence it is possible to
differentiate between the hydroxyl and carboxyl
of the hydroxy acids. It has, however, been shown
that the usc of potassium hydroxide and alkyl
jodides may lead to the production of compounds
with the alkyl dircctly linked to carbon,” and that,
on the other hand, hydroxyl in the ortho-position
relative to carbonyl oxygen is determinable by acy-
lation, but not by alkylation.’

Diazomethane may also be used as an alkylating
agent.*

PREPARATION OF BENZYL DERIVATIVES.

Benzyl ethers of phcenols arc prepared by heating
the latter in a reflux apparatus, during scveral hours,
with the calculated quantities of sodium ethoxide
and benzyl chloride in alcoholic solution, the pre-
cipitated sodium chloride is removed by filtration
from the hot liquid,® and the composition of the

! B. 30, 2368; 31, 1094.

* Herzig and Zeisel, M. 9, 217, 882; 10, 144, 735; 11, 291, 311,
413; 14, 376.

8 Graebe. Herzig, M. B, 72, Schunk and Marchlewsky, Journ.
Chem. Soc. 65, 185. Kostanecki, B. 26, 71, 2901. Perkin,
Journ. Chem. Soc. 67, g95: 69, Sor. )

¢ v. Pechmann, B. 28, 856; 31, 64. so1, Ch. Ztg. 98, 142.

¥ Haller and Guyot, C. r. 116, 43.
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er dctermined by clementary analysis. Benzyl
ide may also be employed for the preparation
Jiesc compounds.’

PREPARATION OF CARBAMATES BY
MEANS OF CARBAMYL CHLORIDE.

IRIEPARATION OFF CARBAMYIL CHLORIDE.?

Ammouium chloride is placed in a distillation flask
ached to a lbllg annd wide condenser, heated at
ut 400”7 in an air bath, and treated with a cur-
it of carbonyl chloride, dricd by mecaits of sul-
uric acid,  The carbamyl chloride, which has a
thly offensive smell, distils over and condenses to
colorless liquid, or to long, broad ncedles melting
50°. It volatilizes at 61°-62°, and, after prolonged
inding, polymerizes to cyamelide, for which reason
should be cmploycd as quickly as possible after its
cparation. In contact witlt water or moist air, it
Liydrolyscd to carbonic anthydride and ammonium
loride.

IREPARATION OFF CARBAMATIES.

Carbamyl chiloride reacts with ltydroxyl derivatives
accovdance with the equation :

NI, CO.Cl - 1O.R »s NH,.CO.OR + 1IC],

1c resulting carbamates readily crystallize.® It is

VM. & J.IL, p. 125,
? Galwermann & G. Schimidt, 13. 20, 858.
3 Gattermann, Aun. 244, 38.
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usually only necessary to mix the substances in
equivalent proportion in cthereal solution as the re-
action generally proceeds quantitatively at the ordinary
temperature; in the case of some polybasic phenols
gentle warming is requisitc. The amount of nitro-
gen in the product is a measure of thc number
of hydoxyl groups in the original compound. Great
excess of the chloride should not hc used, as it
may lead to the production of ethereal allophanates,

NH,.CO.NH.CO.OR.

IV. PREPARATION OF DIPHENYLCAR-
BAMYL CHLORIDE (C,H,), N.CO Cl.

This substance has been found especially useful
in the investigation of rhodinol (geraniol).” It is
prepared by dissolving diphenylamine (250 grams) in
chloroform (700 c¢c), adding anhydrous pyridinte
(120 c¢c), and passing a current of carbonyl
chloride (147 grams) into the liquid, which is main-
tained at o°. After remaining during 5-6 hours,
the chloroform is distilled off on thc water-bath,
and the residue crystallized from alcohol (1.5 liters).
The yield is 300 grams, the product, after rccrys-
tallization from alcohol (1 liter), is pure, and mclts
at 84°.7

! Erdmann and Huth, J. pr. 53, 4s.
2 Jbid. 56, 7
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V. PREPARATION OF PHENYLCARBAMIC
ACID DERIVATIVES.

PREPARATION OF PHENVLISOCYANATE.'

Commercial phenylurcthane (15 grams) is mixed
with phosphioric anhydride (30 grams) in a small
retort, and heated by means of a luminous flame,
a large distillation flask being employed as receiver;
the combined distillate from a number of such prep-
arations is then fractionated once. The isocyanate
boils at 169° (769 mm),? and the yicld is 52-53 per
cent.’

ACTION OF PHENYLISOCYANATE ON II¥YDROXYL
DERIVATIVES.®

Ethercal phenylcarbamates are formed by the inter-
action of hydroxyl compounds and phenylisocyanate
in equimolecular proportion in accordance with the
cquation:

R.HO + C,H,N:CO = C,H,NH.CO.OR.

The reaction often proceeds at the ordinary tempera-
ture, but it is best to rapidly boil the compounds, mixed
in the requisite proportion, by mecans of a previously
heated sand-bath, and complete the reaction by
shaking and gentle warmth.® Polybasic phenols are

! I{. Goldschmiedt, B. 25, 2578, foot-note.

? Ilofmann, B. 18, 764. 3 Zanoli, Jbid. 25, 2578, foot-note.
4 llofmann, Ann. 74, 3; B. 18, 518. Snape, /0id. 18, 2428.

8 Tessmer, Jhid. 18, 96g9.
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heated in a scaled tube during 10-16 hours;’ if the
compound climinates water at this temperature tle
phenylisocyanate is converted by it into carbonic an-
hydride and carbanilide.® The duration of the boil-
ing in an open vesscl should be shortened as much
as possible to reduce the production of diphenylear-
bamide. When cold the product of the reaction
is treated with a little benzene or cther to dissolve un-
altered plicnylisocyanate, then, after tle removal of
the benzene or cther, washed with cold water and
recrystallized from alcoliol, cthylic acctate, or a
mixture of cther and light petroleum, which leaves
the sparingly soluble diphentylearbamide undissolved.,
The presence of negative groups in the molecule of
the hydroxyl derivative hinders or completely pre-
vents the reaction; thus trinitrophenol gives no deriv-
ative when heated at 180° under pressure.’

An attempt has been made to dctermine the
presence of hydroxyl groups by the usc of 1:2:4-
chlordinitrobenzene.’

! Snape, 3. 18, 2428.

? Tessmer, f6id. 18, g69. Beckmann, Ann. 292, 16,
3 Gumpert, J. pr. 31, 119; 32, 278.

4 Vongerichten, Ann. 294, 215.
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1
DETERMINATION OF METHOXYL,K CH,0-, ETHOXYL,
) 1
C,H.O-, AND CARBOXYL, CO.OH.

I. DETERMINATION OIF METHOXYTL,, CH.J(I)—.
S. ZEISEL'S METHOD.!

This method, which is distinguislted for heauty
and rcliability, dcpends on the conversion of the
mecthyl of the methoxy group into mecthyl iodide by
means of ltydriodic acid, the methyl iodide being
then decomposed by alcoholic silver nitrate solution
into silver iodide. The original apparatus, repre-
sented in FFig. 1, consists of a reversed condenser
K, thirouglt which water at 40°-50° flows; at thic lower
end a flask «I of 30-35 cc capacity is attached by
mcans of a cork; the flusk tas a side tube scaled on
tltrough which a currcut of carbonic anhydride may
be passed. A Geissler’s potash bulb is connected to
the upper cud of tlie condenser, also by means of a
cork; it contains 0.25-0.5 gram red phosphorus
suspended in water, and is maintained at a tem-
perature of 50°-60° by the water-bath in which it
is placed. Its object is to absorb any iodinc or
hydriodic acid which might be carricd over by the

' M. 6, 989; 17, 400.

o
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methyl iodide vapor.  The two flasks which complete
the apparatus have a capacity of 8o cc cach, the first

Fic. 1.

e

. i'l_ri:-,'%
SR

contains 50 cc of alcoholic silver nitrate solution,
the second 25 cc; they are connected by means of
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corks, and may be conveniently replaced by two dis-
tillation flasks, the side tube of the first being bent
downwards at a right angle into the sccond. A modi-
ficd apparatus has been deseribed, which serves as a
combined condenser and washing arraitgement,’ and
also a sccond one, which has in addition a very con-
venient appliance for hicating and supplying the water
to the condenser.”  Modificd boiling flasks,” (I%ig. 2),
wliclh prevent the action of the heated Itydriodic
acid on the cork, have been designed.  If

(@ tlte substance under examination is not vola-
tile, the condenser may be replaced by a
vertical tube bent back in a U shape. The
‘method is not applicable to compounds con-
taining sulphur, and tlie hydriodic acid em-
ployed must mot have Dbeen prepared by
mecans of hydrogen sulphide, otherwise it is
difficult to completely {ree it from volatile
sulphur compounds, the presence of which would be
apt to causc the formation of mercaptanes and silver
sulphide. C. A. I'. Kahlbaum, of Berlin, supplies
““hydriodic acid for methoxyl determination,” which
is prepared by means of phosphorus, and is trust-
worthy. Should a blank cxperiment show that the
ltydriodic acid produces a 1)01‘céptiblc precipitate in
the silver nitrate solution, it naust be purified by dis-
tillation, the first and last quarters of the distillate
beitg rejected; it should have a sp. gr. = 1.68-1.72.
Boiling the acid with a reversed condenser, cven

IFre. 2.

! Benedikt and Griissner, Ch. Ztg. 13, 872,
? .. Ehmann, fbid. 14, 1767, 15, 221.
3 Benedikt, /674, 13, 872. M. BamVerger, M. 15, 505.
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during scveral days,’ doces not suffice for its purifica-
tion. The siker nitrate solution is prepared by dis-
solving tlie fused salt (2 parts) in water (5 parts) and
adding absolute alcohol (45 parts); it is kept in the
dark, and the quantity required for cach deternina-
tion filtered into the absorption flasks.

I. METIHOD FOR NDN-VOLATILIE SUBRSTANCES.

After the apparatus is pnt together, tested, and
found to Dbe air-tight, the silver nitrate solution is
introduced iuto the absorption flasks, and the sub-
stance (0.2-0.3 gram), together with the hydriodic
acid (10 cc), placed in the distillation flask; unless
Bamberger's pattern is employed  this should also
contain a few picces of porous plate to regulate the
ebullition; it is then lieated to boiling in a glycerine-
batlt. During this timc tlic current of carbonic anhy-
dride is passed through the apparatus at the rate of
three bubbles in two scconds. The gas cmployed
must be washed with water, and also with silver
nitrate solution, to remove any hydrogen sulphide
arising from impuritics in the marble, The warm
watcer must also be supplied to the condenser and the
batli containting the potash bulbs. Somc 10-15 1min-
utes after the acid begins to boil the silver nitrate
becomes turbid and soon a whitc double compound of
silver nitrate and silver iodide precipitates in the first
flask; the liquid in the sccond onec usually remains
clear, but sometimes becomes opalescent if the carvent
of carbonic anhydide is very rapid or the substance

! Benedikt.
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particularly rich in mcthoxyl groups, these conditions
may also cause the precipitate to becowte yellow.  The
couclusion of the experiment is readily indicated by the
complete subsidentce of the precipitate, wlicl becomes
crystalline; the tine vequired is 1-2 Irours.  The tubes
and flasks with the silver solutiont are discounected,
anrd the sccond one diluted with five parts of water; if
no precipitate appears after renwaining several winutes
notling more is doie to it, otherwise it is added to
the contents of the first flask, which arce poured into
a Dbeaker, any precipitate adheriug to thie tubces is
removed to the Dbeaker by mecaus of a feather and
jet of water; the volume is now made up to about
500 cc with water, cvaporated to onec half on the
watcr-bath, then water and a drop of nitric acid
added, and the liquid digested until the silver iodide
is completely precipitated; it is then filtered and
weighed in the usual manner.  The precipitate adher-
ing to the tubes is usually dark-colored, possibly fromn
the presence of a trace of phosphorus, but this does
not affcct the accuracy of the dcetermination. 100
parts of silver iodide = 13.20 parts of CH,0 = 6.38
parts of CIl,. The mecthod is applicable to com-
pounds containing chlorine, bromtine,! or nitro-groups,
but 1ot to sulphur compounds.” In the case of
nitro-derivatives, or otlter compounds which readily
liberate iodine from hydriodic acid, it is desirable
to place a little red phosphorus in the boiling-flask.
The potash bulbs require refilling after four or five
determinations.  Hydriodic acid causes many sub-

' G. Punm, M. 14, 498.
* Zeisel. Zbid. 7, 409. Benedikt and Bamberger, /474, 12, 1,
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stances to becomec resinous, and the resin may protect
a portion of the methoxy compound from the action of
the acid. This difficulty may be overcome by adding
to the acid acetic anhydride (6-8 volumes per cent), as
was shown in the casc of methyl and acctylethyl-
quercetin, rhamuetin, and tricthoxyphloroglucinol.’
The method is also well adapted for the determination
of alcohol of crystallization,?

2. MODIFICATIONS OF THI METHOD FOR ITS USE
WITIL V()l./\'l‘llil‘i COMI'OUNDS.

Volatile substances may usually be treated in the
manncr described above if, at the commencement of
the experiment, a slow strcam of carbonic anhydride is
employed and cold water run through the condenser,
The following special modifications for particularly
volatile compounds have bcen suggested.* The sub-
stance (0.1-0.3 gram) is sealed into a small bulb of
thin glass, which is scaled up in a larger tubc together
with hydriodic acid (10 cc, sp. gr. = 1.7) and a
picce of heavy glass about 2 cm in length with a
sharp corner.  The heavy glass is to assist in break-
ing the bulb with the substance before the heating,
but is unnccessary if the latter is enclosed in test-
tube glass with a long capillary. The larger tube
is 30-35 cm long and 1.2-1.5 cm inner diamecter;
both cnds arc drawn out, the one to fit into a tube
10 cm long and 1-2 cm inner diamcter, which is

' Herzig, M. 9, 544. C{. Pomeranz, /4id. 12, 383.
* 7. Herzig and 11. Meyer, /6id. 17, 437.
3 Zeisel, Jbid. 7, 406.
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scaled to a wider tube, the other so that a picce of
stout rubber tube will fit over it quite tightly.  The
drawn-out ¢nds must be strong cenouglt to resist the
pressure during the heating, and sufficiently thin to be
readily broken after being scratched with a file. The
substance and lydriodic acid are Itcated at 130° during
two hours, then, when cold, onc point of the tube is
fitted into the narrow onc mentioned above, the wide
portion of which passcs through a triply bored cork
into a widc-mouthed flack.  Into the sccond opening
of the cork the condenser.fits, whilst the third con-
tains a picce of stout glass rod bent to a Z form; by
turning this the drawn-out end of the heating-tube is
broken, The contents are transferred to the flask
partly by shaking, partly by gently warming; the
upper capillary is covered with a picce of rubber, the
end broken, and a current of carbonic anhydride
immediatcly passed through tlie apparatus. The
determination then proceeds in the manner already
described,

3. MODIFICATION OF ZEISEL'S METHOD.'

Instcad of red phosphorus and water the potash bulbs
contain a solution consisting of arsenious anhydride
(1 part), potassium carbonatce (1 part), and water (10
parts). Tlic bulbs must be refilled for cach deter-
mination to prevent tlie apparatus becoming cltoked
with precipitated anhydride, but tltis is compensated
for by the fact that not the sliglitest reduction (black-

1 7. Gregor, M. 19, x106.
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cning) of the silver nitrate solution takes place.  The
N /10 silver nitrate solution is made by dissolviug the
nitrate (17 grams) i water (30 cc) and diluting to a
liter with commercial absolute alcoliol, its titer being
determined by micans of N /10 potassium thiocyanate
solution. I‘or the alkyloxyl dctermination the silver
solution (75 cc) is acidified with a few drops of nitric
acid, free from nitrous acid, and divided between thic
two absorption flasks. At the conclusion of the ex-
periment the silver solution with the precipitate is di-
luted with watcer to 250 cc, cautiously shalken, filtered
by mecans of a dry ribbed filter into a dry flask, and
50 cc or 100 cc of the clear filtrate acidificd with
nitric acid, frece from nitrous acid, treated with ferric
sulplate solution, and titrated in the ordinary manncr.

METIIOD FOR TIIE DIFFEKRENTIATION OF
METIIOXYL AND ETIIOXYI.

Zeiscl's method doces not distinguish between meth-
oxyl and cthoxyl; should this be nccessary, the alkyl
iodide must be prepared in quantity sufficient for its
ideutification, or, if possible, Licben's fodoform test
must be applicd.  Por the differentiation of the alkyls
tlie iuvestigation of the action of plienyl isocyanate
on the alkyloxy derivatives has been snggested.”
The compound is licated with phenyl isocyaunate, in
cquimolecular proportion, at 1507 during  scveral
hours in a scaled tubce.  The product is steam-dis
tilled and the volatile portion purificd by recrystal-

! Volhard, J.pr. 9, 217. Ann. 190,1. Z. anal. 13, 171; 17, 482.
* Beckmann, Ann. 292, 9, 13.
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lization from a niixture of cther and light petroleum ;
methylphenylurcthaie  mclts at 479 ctlylphenyl-
urcthanc at 50°, and they can be further distinguished
by analysis.

DETERMINATION OF ETIHOXYL (CH,O0-).

The determination of cthoxyl ' is carried out exactly
in the manner described in the preceding section for
methoxyl except that the water in the condenser and
in the Dath surrounding the potash bulbs should be
heated at about 80°. 100 parts of silver iodide
= 19.21 parts C,II,O = 12.34 parts C,HH,.

0
DETERMINATION OF CARBOXYL (CH.OII).

Tlie following metltods are employed for the de-
termination of the basicity of organic acids:
(A) Analysis of mctallic salts of the acid.
(B) Titration.
(C) Ltherification,
(D) Determination of the clectrolytic conductivity
of the sodinm salts.
() Indircct mctltods:
(1) Carbonatc method.
(2) Ammonia method.
(3) 1Iydrogen sulphide nmcthod.
(4) Todinc method.
It is casy to dccide which of these methods is the
most sunitable for any special case, but the qualitative
differentiation  between carboxyl and phenolic hy-

1 Zeisel, M, 7, 406,
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droxyl frequently presents difficultics that can only be
overcome with certainty by tlhie preparation of the
amidc and its conversion into the uitrile,

(A) Determination of Carboxyl by Analysis of
Metallic Salts of the Acid.

In many cases the number of carboxyl groups in an
organic compound may be determined by the analysis
of its neutral salts; of these the siwer salts are usually
the most appropriate, as they arce gencerally formed
directly without admixturce of hydrogen salts and are
almost always anhydrous. ILixceptions to this rule
arc, howcver, cncountercd; thus tlic silver salts of
cantharidinic acid,’ camphoglycuronieacid,” and meta-
quinaldinic acid® crystallize with onc, three and four
molecules of water respectively, and hydrogen silver
salts,* though not of frequent occurrence, are known.
Aromatic hydroxymonocarboxylic acids containing
two nitro-groups often give salts coutaining two atoms
of silver. As cxamples may be mentioned 3 :5-dinitro-
hydrocumaric, 1:3:5-dinitroparahydroxybenzoic and
2 : 6-dinitro-5-hydroxy - 3-4-dimcthylbenzoic acids.®
Many silver salts are very sensitive to light or aiv,
and some, like silver oxalate, are explosive; for the
analysis of such the compound is dissolved or sus-
pended in water or acid, and treated with hydrogen

! Homollkz, B. 19, 1083.

* Schimiedeberg and Meyer, Z. physiol. Chen. 3, 433.

3 Eckhardt, B. 22, 276.

4 A lis1 of them is given in Lassar-Cohn ‘* Manual of Organic
Chemistry,"” translated by Alex. Smith, p. 345.

% W. H. Perkin, Jun., Journ. Chem. Soc. (1899), 75, 176.
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sulphide or hiydrochloric acid, Silver salts which do
not explode wlien heated are usually analyzed by igni-
tion in a porcelain crucible; if thte residual silver con-
tains carbon it is dissolved in uitric acid, the solution
diluted and filtered, and the silver precipitated by
means of ltydrochloric acid.

Pyridine and quinoline derivatives and amino-acids
in particular often give characteristic copper and nickel
salts, whilst, in the aliphatic series, tle ziue salts may
often be uschully ecmployed.  Sodiume, potassium, cal-
cium, barinm, magnesiun, and, less frequently, /leaa
salts arc also somectimes usced for the determmination of
basicity, but, as maiy acids do 1ot yicld well-defined
neutral salts, aud groups other than carboxyl can ex-
change hydrogen for metal, the metliod has not a
very wide application.

(B) Titration of Acids.

The basicity of a carboxyl derivative may often be
determined by titration if the molccutlar weight of the
compouud is known; N/10 sodium hydroxide, potas-
sinm liydroxide, or barhun hydroxide may be uscd
for thie titrationt in aqueous solution, or, in the case of
the first two, it alcoliolic solution.  N/2 antionium
hydroxide Itas also been cployed.”  The acids used
are generally Itydrocltloric or sulplurie, but the latter
is unsuited for work witle alcoholic solutions, as the
precipitation of insoluble sulphates prevents a correct
obscrvation of the end reaction.  Tlic liquid, alcohol,
ether, ctc., in which the compountd under examination

) Iaicdinger and Liecben, M. 6, 292,
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is dissolved must cither be {ree from acids or must be
previously accurately ncutralized by means of N/10
alkali.  Phenolphthalein, methyl orange, rosolic acid,
curcumin, or litmnus, arc usually cmployed as indi-
cators, the first two more frequently than the others.
If the liquid is dark colored the use of “alkali bluc™”
is often convenicent, and attention must always be
paid to the possible presence of carbonic anhydride.
A somewhat carious and interesting attempt has been
made to determine the neutrality by taste,'

(C) Etherification.

In very many cases carboxylic and phenolic hydrogen
may be difficrentiated by the cthierification of the com-
pound with alcohol and hydrogen chloride. It has,
however, been shown® that acids with the group

t/

C.COOH

AN (t and t’ = tertiary carbon atom) do not
c C

t t
yield csters with alcohol and lydrogen chloride if

both the carbon atoms marked t arc linked to C1, ¥,
I, or NO,, whilst the gronps of smaller mass 14, C11,
OlH in the same positions greatly retard, but do not
entircly provent, ctherification.  On the other hand,
certain plienols such as phloroglucinol,” whicl: gives a
dicther, hydroxyantlhracene (anthrol and «- and g-
naphthol*) yicld cthers when treated with hydrogen

' T. W. Richards, Am. Chem. Journ., 20, 12s.

? V. Meyer and others.  Many papers appeared on (he snbject
beginning B. 27, 510, and ending 29, 2569.

8 Xdd. 117, 2106 ; 21, 603,

4 Liebermann and Hagen, Zérd. 15, 1427.
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chloride and alcohol.  The ctherification is most con-
veniently carricd out by boiling the substance during
3-5 hours in a reflux apparatus with a large cxcess of
absolute alcohol containing 3—5 per cent of hydrogen
chloride or sulphuric acid.” QOccasionally alcoliol of
95 per cent may be employed if more sulphuric acid
is uscd.”  Some substances form additive compounds
with alcoliol and hydrogen chloride.” Tlhis, as also the
contamination of the ester by traces of chlorine
derivatives, which can ouly be removed with difficulty,
may lead to confusion.

The csters obtained by acid or alkaliite ctherifica-
tion are, in gencral, distinguished {rom the phenolic
cthers by tlie casc with which aqueous or alcoholic
alkalis hydrolyse them, but exceptions arc known
since trinitromethoxybenzene (methoxy picrate) when
boiled with concentrated potassium hydroxide yiclds
methyl alcohol and potassium picrate,* and methoxy-
anthracenc (methyl anthrauol) is also decomposed by
boiling with alcololic potash.® The composition of
the esters is determined by elementary amalysis, and
the alkyloxy gronps by the methods described in the
carlicr portion of this chiapter.

' E. Fischier and A. Speicr, 3. 28, 3252.

? Bishop Tiogle and A. Tingle, Am. Chem. Jonrn. 21, 243,
¢ Freund, 3. 32, 171.

4 Ann. 174, 259.

¢ Licbermann and llagen, B. 15, 1427.
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(D). Determination of the Basicity of Acids by
means of the Electrolytic Conductivity of
the Sodium Salts.

It has been shown that tlie degree of electrolytic
conductivity of the sodium salt is a certain indication
of the basicity of the corresponding acid.” The method
is of very gencral application, since insoluble acids
usually yicld sodium salts which dissolve in water,
but it fails in the case of acids which are so fecble
that their sodium salts arc hydrolysed by water
sufficiently to impart an alkaline reaction to the solu-
tion. The following apparatus is required for the
determination :

(1) A small zxduction coil (J, Fig. 5), such as is cm-
ployed for medicinal purposcs, and which requires only
onc or two cells for prolonged use. The spring of the
interrupter must vibrate rapidly so as to produce a
high pitched sound in the teclephone, as this is more
easily heard than a dceper tone.

(2) A dridege consisting of a scalc 100 cm in length
divided into millimeters; along it stretches a wire
provided with a sliding contact. The wirc is of
platinum, German silver, platinoid, or manganin, of
which the last is the best on account of its low tem-
perature cocfficient.  The wire must be calibrated.®

(3) A rheostar for adjusting thic resistance (W,
Fig. 5).

! Ostwald, Z. 2, gor; 1, 74.  Valden, J4id. 1, 529; 2, 49.

1 Strouhal and Barus, Wicd. Ann. 16, 320, The method is also

described by Jones, ** Freezing-poin¢, Boiling-point, and Con-
ductivity Methods,” Chem. PPub. Co., 1897.
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(4) A resistance ccll for the clectrolyte (B, Fig, 5)
Koldrausch's form (Fig. 3) is used for low resist-
ances whilst that of
Arrhenius (Fig. 4) is
employed for dilute ﬁ Ej]z
solution where the re-
sistance is high. The
clectrodes must be
platinised by filling
the wvessel with a
dilute solution of hy-
droplatinocliloric acid Fig. 4.
and passing a current of 4-5 volts. The direction of the
current is changed occasionally and the clectrolysis
continucd until both clectrodes are completely covered
with platinum black, which only requircs a short
time; the platinum chloride in the cell is now replaced
by sodium hydroxide solution, the clectrolysis con-
tinued for a few moments, the electrodes then
thoroughly and carefully washed with hydrochloric
acid, and finally with water; the sodium hydroxide
rentoves all clilorine wlich is otherwise very obsti-
natcly retained by the platiunm.  The nse of Tuammer
and Kurlbaum’s solution for platiniziug is highly
rccommended, as tlic tone minima arc much more
distinct.’ The solution consists of platinum chloride
(1 part), lead acctate (0.008 part), and water (30
parts); it is clectrolysed with a current deusity of 0.03
amplres per sq. cm., the direction of tlie current
being frequently changed and continued until cach

Fig. 3.

! Kolhlrausch, Wied. Ann. 1897, p. 315; E. Colien, Z. 26, 1611.
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clectrode has been the cathode during at least fifteen
ninutes.

(5) A telephone.  Ostwald states that the most sen-
sitive ones arc made by Lricsson of Stockholm, but
for ordinary purposes a Bcll instrument is safficiently
good. In using it the unoccupied car may be closed
with cotton to exclude external sounds.

(6) A water-batl witlt stirrer and thermometer, or a
thermostar.’

The apparatus Is arranged in tle form of Kirch-
hoff’s modification of the Wheatstone bridge (Ifig. 5),
the connections beinng made with stout copper wirce.
The induction coil is cnclosed in a sound tight casc,
or is placed in another
room. If determinations
of solutions of a substance
at different concentrations

WA/ arc to be made the solu-
tion is most conveniently

iy 5. prepared in the resistance

ccll itself, portions arc then withdrawn by mieans of an
accurately calibrated pipette, and tlie desived volume
of water added wliclt las previonsly been bronght to
the neeessary temperature in the thermostat.  As a
rule the telephone doces not give an absolutely slarp
inimum at aty given point, but it is casy to find
two limits beyond  either of whiclu the tonc rises;
these are usually separated by an interval of 0.5—2
mm, and the required position is taken as midway

' Ostwald, Z. 2, 564, where alsce a good deseripdon of 1he other
narts of diec apparatns is given.
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between them. A little experience cnables the con-
ductivity to Dbe determined with an accuracy of o.1
per cent.  If tiwe tone minimum becomes indistinet
the clectrodes must be replatinised.  The conductivity
is calculated from the measurcments by means of the

-

formula = /.

(7

% where

# = the molecular conductivity ;

7 = tliec voluinc of the solution in liters which con-
tains a gram molecule of the clectrolyte;

2w = the adjusting resistance;;

a = the length of wire to the left of the sliding con-
tact (Fig. s5);

b = that to tlte right of the contact (Fig. 5)

A = the resistance of tlie cell.

The valuc of £is determined by measuring the con-
ductivity of N/50 solution of potassium chloride, for
which Kollrausch found the values:

g = 112.2 at 18°.

u o= 120.7 at 25°.
: . . b
Other solutions may also be used.t  The value o
for a wirc 1000 mm in length has been calculated by
ODbach and an abbreviated table of the results is given
in the appendix.  The conductivity of the water em-
ployed, which should be as highly purified from dis-
solved substances as possible, is determined in the
same manncr as that of the solution, the value for

! Wiedemann and Ebert, Physik. Prakiikum, p. 389.
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each liter (v) is calculated according to the formula,
and subtracted from the uncorrceted value of g IFor
basicity determinations the conductivity is usually
determined at concentrations of onc gram molccule in
32 and 1024 liters respectively.  The mean difference
4 between these valucs is as follows:

Monobasic acids. ... 4 = 10.4 = I X 10.4

Dibasic « d=190=2Xx 95
Tribasic « .4 =302 =3 % 10.1
Tetrabasic 4 = 41.1 = 4 X 10.3
Pentabasic ¢ .4 =501 =5 %X 10

A method has been described’ for determining the
basicity of acids bascd on the altcrations which they
exhibit in clectrolytic conductivity on the addition of
alkali.

Instead of the telephone and induction coil, a double
commutator and a galvanomecter may be used to
determine the electrolytic conductivity, the commutat-
ing apparatus, termed a secohmmeter, is so arranged
that one commutator is included in the battery circuit
and the other in that of tle galvanometer; on rotatiug
the cuwrrent is reversed i the lignid so frequently
that polarization is annulled whilst the galvanomecter is
commuted.”

D. Be-thelot, C. r. 112, 287.
Cabhart and Patterson, ** Electrical Measnrements,” p. 1og.
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(E) Indirect Methods for the Determination of
the Basicity of Acids.

These methods may be divided intto four classes
accordintg to the nature of the substance liberated by
the acid:

(1) Carbonate method.

(2) Awnwnonia metiod.

(3) Hydrogen sulpliide metlod.,
(4) Jodinc-oxygen mcthod.

(1) Carbonate Mctlod.—The substance (0.5—1 gram)
is dissolved in water in a flask closed by a rubber
stopper with three Iroles.  In once hole a condensing
tube is fitted, which, at the lower end, is flush with
the stopper whilst the upper end is connected with an
absorption apparatus consisting of two calcium chloride
tubes and potash bulbs.  Through the second hole a
tube passes to the bottom of the flask, the end being
drawn out and bent upwards; by means of this tube a
current of air, free from carbonic anhydride, is passed.
The third hole of the flask is closed with a small
dropping funncl, the end of which is also drawn out
and bent upwards and dips below tle lignid in the
flask. The solution of the acid is gently boiled, and
barium carbonate, in the form of a thiu paste, is added
in small quantitics by mecans of thie funncl. When the
opcration is completed the apparatus is allowed to cool
in a current of purificd air, again boiled, cooled, and
the absorption bulbs weighed.” A similar method,

! Goldschmied¢ aad Tenmelmayr, M. 14, 210.
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based on tlie decomposition of sodium hydrogen car-
bonate, has also becit described.’

(2) Ammonia Method. The acid (about 1 gram) is
dissolved in excess of alcoholic potassium hydroxide,
and made up to 250 cc witlt alcoliol of the same
strength (93 per cent). The excess of alkaliis ncutralized
by carbonic anhydride, tlie precipitated carbonate aund
bicarbonate filtered off and waslted with 50 cc of
alcoliol (98 per cent). The alcohol is removed from
the filtrate and washings by distillation, and the re-
sidue boiled with 100 cc of ammonium chloride
solution (10 per cent). The potassium salt of the acid
decomposes the ammonium chloride, and the liberated
ammonia is determined in the usnal manner.  The
amount of alkali carbonatc dissolved Ly 100 cc of
alcohol (93 per cent) is cquivalent to 0.34 cc of
normal acid; a correctiont for this must be applicd
and also onc for the ammonium chloride hydrolised
by the water; this is determined by a blank cxperi-
ment, 100 cc of the solution being boiled during the
same length of time, 1—2 hours, as in the actual deter-
mination.’

The method gives good resnlts with the feebler fatty
acids, and is cspecially uscful when the dark color of
the solution prevents direct titration.

(3) Hydrogen Sulphide Mcthod.” Componnds contain-
ing carboxyl liberate liydrogent sulphide from certain
metallo-hydrogen sulphides when allowed to react in

! Vohl 1. 10, 1807. C. Jehn, /4id. 10, 2108.
? P. C. Mcllhiney, J. Am. 16, j08.
3 F. Fuchs, M. 9, 1132, 1143; 11, 363.
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an atmosplicre of liydrogen sulphide, according to the
equation:

NaSil - R . COOI 4 xIT 8 2 RCOON-
- LS e XIS

two volumes of ltydrogen sulpltide being liberated for
cach volumc of iydrogen, replaccable by metal, in the
original compouud. Ilydroxyl ltydrogen in plicnols,
alcohols, annd Irtydroxy-acids doces not react witlt the
mctallo-hydrogen sulphides.

Dreparation of the Solution,

The majority of alkali salts arc sparingly soluble in
solutions of the Itydrosulpliides, hence the solution of
the latter must not be so cotcentrated as to hinder
the reaction from being rapidly completed. Potassiunt
hydroxide solution, not cxcceding 10 per cent, is
boiled with baryta water in cexcess, the flask closed,
and the liquid allowed to cool and deposit barium
carbonate.  The cleay salution is mow pourcd into the
vessel to be nsed for the analysis, and saturated with

hydrogen sulpliide.

Aethod of clunlpsis.
The evolved hydrogen sulphide may be deterntined :
() volwmctrically;
(0) by titration.

The former methiad is the casier and is tlerefore

generally ciployed.
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(@) Volumwtric Determination.

This method is bascd on the same principle as
Victor Meycr's vapor density dcetermination.  The
apparatus, Fig. 6, consists of a long-necked flask A,
made of thick
glass; it is fitted
with a rubbcer
stopper ¢ througlt
which the dcliv-
cry tube B pass-
cs, this is wide
at one end but
terminates in a
capillary at the
other. The scc-
ond hole of the
stopper is closed
by mcans of a

Fig. 6. glass rod from
which the vesscl containing the substance is suspended.
Previous to the determination the greater portion of
the flask is filled with hydrogen sulphide, but the
upper portion of the ncck and the delivery tube con-
tain air whiclh is expclled by the evolved hydrogen
sulphicic and collected over water in a graduated tube.
The substance under examination is dricd, fincly
powdcred, and about 0.5 gram weiglied into the small
vesscl, the glass rod being pressed into tlie rubber
stopper as far as the mark 1, the vesscl fitted on to it
by means of the stopper, which, with the dclivery
tube, is passed air-tight into tle flask. The apparatus
is allowed to remain for a few montents to cqualize the
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temperature, then the capillary end of the delivery-
tube is dipped into water below thie open end of the
gas-measurimy vessel, annd the vessel with the substance
dropped into the sulphide solution by pushing in the
rod to the mark 2, carc being taken not to alter the
Josition of the stopper itself.  The evolution of hy-
drogen sulphide ceases after a few minutes. Tlie same
solution may Dbe cmployed for a sccond or third
determination, hut cach tinte the delivery-tube must
be previously filled with dry air. The weight of cur-
boxyl hydrogen & is calculated from tlic results by
the formula:

G=3}1o-W)
760(1 + o. oo3(61‘)
V.(b—w).0. ooooooosbgs
1 + 0.00366¢

.0.0000806

where V= the obscrved volume of air displaced in
cc, & = the height of the barometer, and v the ten-
sion of aqucous vapor at the observed temperature 2.

0y Titration Method.

The apparatus employed consists of a short-necked
flask /1, IYig. 7, fitted with a rubber stopper and glass
rod exactly as used i the
preceding  method, but  the
dclivery-tube is short in order
to cxpedite the expulsion of
air.  Before the stopper, with
the substance adjusted in the
manner described above, is in-
serted into the flask, tartaric Fig. 7
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acid or oxalic acid (about 0.25 gram) is dropped into
the potassium hydrogen sulphide solution and the
stopper immediately inserted air-tight as shown. As
soon as the solution of gas ceases the beaker repre-
sented in the figure is replaced by asmaller oue contain-
ing concenttrated potassium hydroxide solution.  Some
of this riscs it the tube o1t account of the absorption
of the gas, but tlhe crror so introdiced compensates
itsclf at the cud of the experimeut.  As soon as the
Deaker of alkali hias been put into position, the sub-
stance is dropped into the sulphide solution with the
same  precautions as  observed in the preceding
methiod; after tlie cession of tle gas evolution, which
contimes during -5 winutes, tlte pressure is adjusted
by lowering the beaker, tlie contents are poured into
a large flask, and the Deaker and cevolution tube
washed. The alkali and washings arc diluted to about
500 cc, neutralized with acctic acid, and titrated with
iodine solution in prescuce of starch.  Since

H=10S== 1,

the iodine required, divided by 2 X 126.5, gives the
weight of the replaccable hydrogen.  The crror due
to the insertion of the glass rod from mark 1 to 2 niay
be determined hy means of a blank experintent, but it
is so small as to be usually negligible.  More recently
the action of substituted plienols, cte., on alkali hy-
drogen sulphides has been investigated' with the
following results:

(1) Haloid substitutcd plienols witle one Itydroxyl

! Fuchs, M., 11, 363.
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group arc witliout action on the sulphides, but if fwe
hydroxyl groups arc present one reacts.

(2) Only the paramononiro-phenols react.

(3) Under certain conditions tlie presence of carboxyl
groups causes the phenolic hydroxyl to decomposc the
salphides.

(4) Ingeneral lactones do not react, but lactone-acids
may suffcer partial resolution.’

Witlt the above exceptions the mcthod provides a
rcady means of differentiating carboxylic hydrogen
from phenolic or alcolwlic, a distinction which the two
preceding methods do not furnish with certainty,

(4) fodine-oxpgen Method.” This depends on the
fact that cven fecble organic acids liberate fodine from
potassium jodide and potassium iodate in accordance
with the equation:

6R.COOH 45 KI+KIO,> GR.COOK4-31,4-3H,0.

The liberate diodine, in presence of alkali, evolves
oxygen from hydrogen peroxide:

I, - 2KOH = KOI+ KI 4 H,O and
KOI 4 1,0, »> KI o+ H,0 + O,.

The oxygen may be measured in a modified Wagner
& Knop’s Azotomcter,” or in any other convenient
vessel,

The apparatus consists of an cvolution flask, with
a small cylinder of about 20 cc capacity fused to the
middle of the bottom inside, and a large glass cylinder

. Meyer, M. 19, 715.
? Baunmaun and Kux, Z. Anal. Ch. 32, 129. 3 Tbid. 13, 389.
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with two communicating burcttes and a thermometer
fastened to tle interior of the cover. The cylinder
and burettcs are filled with water, the latter by con-
necting them with a flask from whiclh water is forced
Dy air pressure from a hand blower, the connccting
tubc being provided, if needful, with a stop-cock. The
cvolation flask is closed by micaus of a rubber stopper
carrying a tubc with a stop-cock which is conunccted
with the graduated burctte below the stop-cock in
which the latter terminates, and which is uscd for ad-
justing tlic pressure. Thie temperature of tlie cvolution
flask is equalized before and after tlic determination
by placing it in water of the same temperature as that
in the large cylinder enclosing the burettes. The
following 7cagents are required :

(1) Potassium iodide

(2) « lfodate

(3) Hydrogen peroxide 2—3 per cent. solution.

(4) Aqucous potassium hydroxide solution (1:1).

(s) Distilled water, recently boiled and frec from
carbonic anhydride.

} Absolutely free from acid.

The determination is carried out in the following
manucer: The acid (0.1-0.2 gram) is mixed with fincly
divided potassium iodatc (about 0.2 gram), potassium
iodide (2 grams), and water (40 cc) in a bottle provided
with a well-fitting stopper, and allowed to remain at
the ordinary temperature during twelve hours, or at
70°-80° during a half hour, until the iodinc is com-
pletely precipitatcd. The solution is now transferrcd
to the outer portion of the cvolution flask, tlic bottlc
being waslted with not morc than 10 cc water. Into
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the inner cylinder of the cvolution flask is poured by
means of a funnel a mixture consisting of hydrogen
peroxide (2 cc) and potash solution (4 cc), made imme-
diatcly before usc and cooled to the ordinary tem-
peraturc. The evolution flask is now closed with its
stopper and allowed to stand in water during ten
minutes, the stopcock of the burctte being openced to
cqualize the pressure; at the end of this time it is
closed, the level adjusted to the zero mark, and if after
ftive minutes no change takes place the experiment is
procceded with, otherwisc the cooling is continued dur-
ing another five minutes. When cquilibrium is
establishied 30-40 cc of water are run from the burette
in order to reducc the pressure, the evolution flask is
removed from the cooling vessel by mcans of a cloth
and rotated so that the liquids at first circulate with-
out mixing and arc then suddenly bronght into contact.
The shaking is continued vigorously for a short time
and the flask then returned to the cooling vesscl. The
cvolution of oxygen begins at once, and is completed
in a few scconds; after about ten minutes the pressure
in the two burcttes is adjusted and the volume read
the number of cc of gas, multiplicd by the valuc
in thic table’ in the appendix correspoutding to tlhe
pressurc and temperature, gives directly the weight
of carboxylic hydrogen. An zodomctric wethod for
the determination of acids lias also been described, for
dctails the original paper should be consulted.”

! Baumann, Z. f. ang. Ch. 7897, p. 328
? M. Groger, Zhid. 1890, pp. 353, 385,
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DETERMINATION OF CARBONYL (CO).

The presence of the carbonyl group in aldchydes
ketones, etc., Is recognized by the preparation of
derivatives of the following compounds:

(1) Phenylhydrazine.

(2) Hydroxylamine.

(3) Semicarbazide.

(4) Amidoguanidine.

(5) Paramidodimethylaniline.

(1) CARBONYL DETERMINATION BY MEANS OF
THENYLIHIYDRAZINE.
The method is divisible as follows:
(A) Preparation of phenylliydrasones front pleny!l-
leydrasine.
(B) Preparation of substituted hydrasonces.
() Indirect method.

(A) Preparation of Phenylhydrazones.’
Carbonyl compounds combine with phenylhydrazine
forming water and plienylltydrazoncs, '
CHNH.N:CRR,;
dihydrazones, with the hydrazine groups linked to
neighboring carbon atoms, are termed osazoncs. Tlhie
reaction usually takes place most readily indilute accetic

L E. I'ischer, 13. 16, 661, 2241, foot-note; 17, 572 ; 22, go.
P
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acid solution, often at the ordinary temperature,
almost always Dy heating on the water-bath. Ifrequent-
ly it is advisable to allow the reaction to proceed at
the ordinary temperature in presence of concentrated
acctic ncid, which acts as a dchydrating agent and in
which the phenylltydrazones, as a class, are sparingly
soluble.”  Ti. Iischer dissolves or suspends the sub-
stance in water or alcohol, and adds, in cxcess, a
mixture of phenylliydrazine hydrochloride (1 part) and
crystallized sodium acctate (1.5 parts) dissolved in
water (8—10 parts). IFrce mincral acids must be neutral-
izcd by nicans of sodivm hydroxidc or sodium car-
Donate, as their presence hinders the reaction; the
presence of nitrous acid is particularly Inartful and it
must be removed by mcans of carbamide, as otherwise
it rcacts with tlie phenylhydrazine and forms diazo-
benzene imide and other oily products. Confusion may
also Dbc caused by the production of acetylphenyl-
hydrazine from the dilute acctic acid.”

The phenylhydrazones gradually separate from the
solution of their components in an oily or crystalline
fornt, and, in the latter case, are purificd by recrystal-
lizatizn from water, alcohol, or benzenec.

It is often desivable to heat the compound under
investigation with free phenyhydrazine, and increased
pressure may be nsed if there is no danger of phenyl-
hydrazides being formed.® The product is poured iuto
water, the phenylhydrazone removed by filtration,
washed with dilute hydroclhiloric acid to free it from
excess of phenylhydrazine, and reerystallized ; in some

! Overton, . 26, 20. 2 Andecrlini, J6/d. 24, 1993, foot-note.
3 M. 14, 39s.
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cases glycerol is employed for washing, the last por-
tions being removed by water.! Aliphatic kectones
react readily in etherecal solution, and the water which
is produced may bec absorbed by recently ignited
potassium carbonate or calcium chloride. In the case
of ketophenols or kectoalcohols the lydroxyl group
should be acetylated before treatment with phenyl-
hydrazine; acids are usually nscd in the form of esters,
but the sodium salt is somctimes cmployed® and the
condensation promoted by the addition of a mincral
acid.” Hydrazones may also be preparcd from oximes.*
The carbonyl group in many lactoncs and acid an-
hydrides condenses with phenylhydrazine,® but not
with hydroxylamine ;* on the other hand, many
quinones, such as anthraquinone, do not react with
phenylhydrazine oronly with onc molecular proportion,
as in the casc of naphtltoquinonc and pheitanthira-
quinone, whilst some, such as benzoquinone and tola-
quinoute, oxidize it to benzene.”  Ortho-disubstituted
ketones frequently do not react witl: phenylhydrazing,®
and certain unsaturated ketoalcoliols, such as cthylic
acctoacetate” and cthylic cantphoroxalate,”  yicld
monophenylhydrazides, the ketonic gronp being un-

! Thoms, 3. 29, 2088. ! Bamberger, £6id. 19, 1430.

? Elbers, Ann. 227, 353.

4 Just, B. 19, 1205. von I'echmann, Z4id. 20, 2543, foot-note.

8 R. Meyer and E, Saul, /4id. 26, 1271. 1Icmme1111:1_\'r,.M. 13, 667.
Ephraim, B. 26, 1376.
¢ v. Meyer and Miinchmeycr, /47/. 19, 1706,  lille, J. pr. 33,
. TS. p. 538.
8 Baum, B. 28, 3209. V. Meyer, fbid. 29, 830, $36.
9 Nef. Ann. 266, 52.
Y Bishop Tingle, Am. Chem, Journ. 20, 339. A. Tingle and
Bishop Tingle, /#id. 21, 258.
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affccted.  Fydroxyketones and aldehydes of tlie ali-
phatic scrics yield phenylosazones, a portion of the
phenylhydrazine being simultaneously reduced to
anilin¢ and amumonia.”

A method has been described for the purification
of commercial phenylhydrazine.®

(B) Preparation of Substituted Hydrazones.

The chicf substitution product of phenylhydrazine
which has hitherto been employed for tlie preparation
of phenylhydrazones is the parabromo-derivative.

Preparation of Parabromoplienyllydrazine.® Phenyl-
hiydrazine (2o grams) is poured into hydrochloric acid
(200 grams, sp. gr. = 1.19) and the precipitated salt
uniformly distributed throughout the liquid, which is
cooled to 0°; bromine (22.5 grams) is now dropped in,
the addition occupying 10-15 minutes, the liquid
being well sltaken during this time.  After remaining
during twenty-four hours the precipitate is removed,
washed with a little cold hydrochloric acid, dissolved
in water, and treated with sodium hydroxide in excess.
The basce scparates in flocculent crystals which are
extracted with cther, the cther cvaporated, and the
residue reerystallized from water.  The hydrochloric
acid mother liquor coutains bromodiazobenzene clilo-
ride, which is reduced by the addition of stannous chlo-
ride (60 grams); the precipitate is separated, washed
with concentrated hydrocltloric acid, and trcated with
water and alkali, tlte base being collected and purified

3 E. Fischer and Tafel, B. 20, 33806. ¢ 3. Overton, /#id. 26, 19,
¥ Michaelis, /4id. 26, 2190.
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in the manner described above. The yield is 8o per
cent. Bromophenylhydrazine requires to be protected
from light and air; it should be kept in the dark in
well-stoppered colored bottles from which the air has
been displaced by carbonic anhydride or coal-gas. In
these circumstances, if the compound has been highly
purified and dried, it may bec retained for ycars with-
out change; colored specimens may be readily puri-
fied by rccrystallization from water, to which a few
drops of sodium hydroxide should be added. The
pure compound melts at 107°~109°, the acetyl deriv-
ative at 170°.}
Substituted Phenylliydrazones.

Parabromopheuylhydrazine is well adapted for the
identification of certain sugars, such as arabinose,
and has also been used in the investigation of iononc
and irone;’ it is generally cmployed in acetic acid
solution, care being taken to prevent the liquid from
boiling, as, in these circumstances, acetyl parabromo-
phenylhydrazine is formed.’

Paranitrophenylhydrazine also gives well defined
condensationr products with many aldchydes and
ketones which serve for their identification. The
reaction usually proceeds int aqucous solution with
the hydrochloride, hut the free base in alcohol or
acetic acid may be cmmployed.®

In addition the following substituted phenyl-
hydrazines have been used for the production of

! Tiemann and Kriiger. ? I, Fischer, B. 24, 4221, foot-note.

? Tiemann and Kriiger, 74/, 28, 1755. 1V 7bid. 26, 2190.

¢ E. Bamberger & Krans, Z4id. 29, 1834 DBamberger, J[é1d.
32, 1806. E. llyde, /8i/. 32, 1810.
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phenylhydrazones: dibromo-, symmnctrical tribromo-,
tetrabromo-, paraclkloro-, pariodo-, and metadiiodo-,'
whilst some derivatives of deplenylliypdrazine have also
been described.”

(C) Indirect Method.®

This method depends on allowing the aldchyde or
ketone to rcact with excess of phenylhydrazine; the
excess, together with any hydrazide, is then oxidized
by means of boiling I°chling’s solution, the liberated
nitrogen being collected; phenylhydrazones are not
decomposed by this treatment.

The reagents required arc as follows:

Copper sulphate solution (70 grams Cu So,.5H,0 in
1liter). Alkaline solution of sodium potassium tartrate,
madc by dissolving 350 grams of the tartrate, and 260
grams potassium hydroxide in 1 liter; thesc two
solutions are mixed in equal volumes to form the
Fchling’s solution.

Sodium acctate (10 per cent solution).

Phenyldrazine lydrochloride (5 per cent solution.)
The anralysis is made by mixing the compound under
cxamination (0.1-0.5 gram) with an accurately meas-
urcd quantity of the phenylhydrazine hydrochloride
solution (1 part) and the sodium acctate solution (13
parts) in a 100 cc measuring flask. The phenylhy-
drazine hydroclhloride is taken, if possible, in quantity
sufficient to yicld 15—30 cc nitrogen.  Water is now
added to the mixture in the flask so as to make the
volume about 50 cc, and the liquid is heated on the

L' A. Nenfeld, Ann. 248, 93. 2 R. Overtsn, 13. 26, 10.

3 11. Strache, M. 12, 524; 13, 299, Bencdikt and Strache, féid.
1A ~ros
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water-bath during 15-30 minutes; it is then cooled,
diluted to the mark, well shaken, 50 cc transferred to
the dropping funnel T, Fig. 8, and the determination

conducted in the manner described below. The flask
A has a capacity of 750-1000 cc, and contains 200 cc
of Fehling's solution, which is boiled whilst a rapid
current of steam is blown in from the flask 5. The
tubes D and R must be flush with the rubber stoppers
so as to promote the removal of air. The tube R is
in two pieces, joined by the rubber tube X, its lower
end is covered with a picce of rubber-tube £ and dips
below water in the dish IW. The current of stcam is
continued until the bubbles of gas collected arc very
small, it is impossible, in a reasonablc time, to
remove all the air and a titration of the plhenylhy-
drazine hydrochloride solution is made, previous to
the actual dctermiunation, so as to allow for this crror.
1 gram of the salt eliminates about 155 cc nitrogen,
thercfore, for the titration, 10 cc of the solution is
accuratcly measured out, mixcd with the needful
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proportion of sodium acctate solution, diluted to 100
cc, and 50 cc transferred to the dropping funncl; the
end of this is drawit out at .5 and cut aff at an augle so
as to avoid the collection of hubbles of gas; Defore
tliec funnel is fixed in place the stem is filled with
water.  When the greater portion of tlte air lias been
removed frow the apparatus i the manner described
above, the plienylhydrazine salt is allowed to mix with
the IFeliling's solution, care being taken to prevent
the water flowing from 1 into 4. Whent all has been
added the fumel is washed out twice with hot water,
which is, of course, also allowed to run into 4. If
the boiling is sufficiently brisk thie cvolution of nitro-
gen is completed in 2—-3 minutes.  As soon as the
bubbles are as small as those of the air at the com-
mencement of the experiment the Iteating is stopped,
the hot water in B replaced by cold, the excess escap-
ing into the dish € and the measuring tube removed
to a cylinder of cold watcr. The actual dctermina-
tion is made immediately after the completion of the
blank e¢xperiment aud, if necessary, repeated a second
or third time; since 200 cc eliling’s solution readily
liberates 150 cc nitrogen, the quantity taken in A
amply suffices for three or four carbonyl determina-
tions,

As benzence is produced during the oxidation of the
phenylhydrazine, a drop of it will be found floating
on the surface of the water inside the measuring tube;
this may be allowed for in mecasuring tlte gas or it may
be removed.  In the former casc a little more benzene
is introduced into the tube by means of a bent pipette,
and, after remaining during a short time, the volume
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of nitrogen is rcad off in the ordinary manncr; its

reduction to 0° and 760 mm may be madc by the

help of the following table, the values in thie sccond
column bcing subtracted from the ob-
scrved lteight of the baromcter:

Temperarure.  Tensioa of benzene | water.
15° C. 72 7 1.
16 76.8
17 80.9
18 85.2
19 39.3
F 20 03.7
21 98.8
22 103.9
23 109.1
24 114.3
I 25 119.7
The values given above are in part
obtained by intcrpolation from Reg-
nault’s results and are thercfore subject
to crror; for this rcason, and on account
of the high vapor tension of benzene
\/ its removal is advisable.” To accom-
Fig q. plish this alcohol is added to the tubce

of uitrogen, which is placed in a cylinder of about its
own length filled with water (I'ig. 9). A glass tube
5 mm. in diamecter is bent into the form of a U as
shown in the figure, the smaller limb terminating in a
jet and being of such length that, when the bent

! Benedikt and Strache, M. 14, 373.
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portion rests ou the bottom of the cylinder, the jet is
scveral cm below thie surface of thie water.  The longer
limb riscs about 40 cm above the surface of the water
and is connccted at thie end by means of a picce of
thick walled rubber tube with a dropping funncl. The
U tubce is completely filled with water and placed in
the position shown in the figure.  Alcoliol (about
200 ¢¢) is now allowed to flow from the fuunel
into the mrcasuring tube; it issucs from the jet in
a e stream and absorbs the Dbeuzene vapor pres-
cut in the nitrogen as well as that floating on the
watcer; the alcohol is ranoved it a similar manner by
washing with at lcast 400 cc watcer, and the tube of
nitrogen then removed to another cylinder of water,
where, after a suitable interval, the volumce of gas is
rcad. The amomnt of carbonylic oxygen O is ob-
tained from the volume of nitrogen, corrected to 0°
and 760 mm, by the cxpression : O = (g V. — 2V.).

15:90 100 , 0:07178,

0

o,001256:z.5g oo"}'—%:():(g‘l',‘_ﬂ ;

?

where g is the weight of phenylhydrazine hydro-
chloride taleen, 17 the volume of nitrogen cvolved by
1 gram of this salt, S the weight of the componnd cm-
ployed, and [/, the volume of nitrogen obtained at
N. 7. P The theorctical value of Fis 154.63¢c, but
the value ecmployed in the calenlation is that obtained
it the blank experiment.

If the phenylhydrazone is in soluble in water or
dilute alcohol, or if sparingly soluble phenylhy-
drazides arc formed, the preparation of tlie phenylhy-
drazone must be made in alcoholic solutiont; in this
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casc the weight of the columu of ligquid in the funncl
7, Tig. §, will not bc sufficient to overcome the
pressure of stean in the flask »f. This difficulty may
be surarounted by fitting the open and of the funncl
with a rubber stopper, carrying a tube and stop-coclk.
By blowing through the tube the alcolwolic ligquor is
forced into the flask, but great care is mecessary, as
the sudden cvolution of alcoholic vapor may cject
liquid {rom flask /I to /1, or may cven lead to an ex-
plosion. A sccond objection to the usc of alcolwol is
that, at its boiling-point, kctones do not always react
quantitatively with phenylltydrazine.  Both difficultics
may be overcome by the use of recently hoiled amylic
alcohol as solvent, the portion of it which passcs over
with the nitrogen being subscquently ranoved simnl-
taneously with the benzene, and in the same manuncer,
by washing with alcohol and watcr.

(2) PREPARATION OF ONIMES.

In the preparation of oximes the hydroxylamine is
employed in the form of the free base, the /lpdro-
clloride, as potassivin  lydroxylanincsulphonate, or
sine  diltydroxylamine lydroclloride.  Aldovimes ave
obtained by treating aldcliydes with an cquimolecular
proportion of hydroxylamince hydrochloride in con-
centrated aqucous solution, adding sodium carbonate
(0.5 mol.), and allowing tlic mixture to reuain at the
ordinary tempcrature during §-8 days.  The oxime
is extracted with cther, the solution dried over calcinm

'V. Mever and Janny, B. 15, 132, 1525. Jauny, /&d. 15,
2778; 16, 170.
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chiloride, and, after tlie removal of the ether, the
residuce rectified. An aqucous-alcoliolic solution s
used for aldehydes iusoluble in water, aud those that
arc readily oxidizable, such as benzaldchyde, are
trcated in flasks {from which the air has been removed
by mcans of carbonic anhydride.” Oximes of the
carboltydrates, whiclt are so rcadily soluble in water
that tlicy cannot be scparated from the inorganic salts
resulting {from the use of hydroxylamine hydrochloride
and sodium carbonate or sodium hydroxide, arc treated
witle the calcnlated quantity of free hydroxylamine
iu alcoholic solution; after scveral days the oxime
gradually crystallizes out.*  Alcoholic solution of
llyclroxylalﬁillc is prepared by intimately mixing the
hydrochloride with the nceessary quantity of potassium
hydroxide together with a little water, and then
adding absolute alcohol,. the clear liquid is after-
wards scparated from the precipitated potassium
chloride.” The solution gradually acquires a slight
ycllow color,” which may be obviated by substituting
sodium cthoxide for the potassiam hydroxide,
Netoxzmes arc usually formed less readily than the
aldoximes; ‘for their preparation the ketone is mixed
with sodinm acctate and hydroxylamine Itydrochloride
in aqqueous or alcoholic solution in the necessary propor-
tious, and the liquid hcated on the water-bath during
1—2 hours, or the ketone, in alcoholic solution, may
be lieated in a scaled tube with the hydrochloride at
160"-180° during 8—10 hours,” but sometimes in

! Pecraczek, 13, 16, 2783. ® Wohl, 74d. 24, 994. S., p. 367.
? Volhard, Ann. 253, 2006. ¢ Ticmaun, B. 24, 994.
¢ Homolla, fbid. 19, 1084.
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these circumstances, instcad of the oxintes derivatives
of them arc formed by intramolecular rearrangement.’
In many cases it is highly advantageous to allow the
carbonyl derivative and the htydroxylamine to react
in strongly alkaline solution; the proportions which
usually give the best results are ketone, in alcoholic
solution (1 mol), hydroxylamine liydrochloride (1.5-2
mol), alkaline hydroxide (4.5-6 mol); the last two arc
dissolved in the smallest requisite quantity of water.”
The reaction is often completed at the ordinary
temperature in a few hours; occasionally Icating on
the water-bath is desirable. Tltis mecthod cannot of
course bc used with kctones or aldchydes that are
attacked by alkali, nor in the preparation of dioximes
which readily change into their athydrides in the
presence of alkali, In such cascs an acid liquid may
be employed. Quinonc furnishes an example of this.
In alkaline solution it is rcduced by hydroxylamine
to hydroquinone, whilst in aqucous solution, in pres-
ence of hydrochloric acid and hydroxylamine hydro-
chloride, a dioxime is formed.” Somce compounds,
such as phenylglyoxalic acid, yicld oximes botl in
alkaline and acid solution.” Oximes of ketonic acids
may be obtained by trcating the alkali salt in nceutral
aqueous solution with hydroxylamine ltydrochloride;
the precipitation of oxime usually commences at once,
especially if the liquid is warmed.® Somectimies it is
advisable to convert the acid into its methyl cster and

! Thorp, B. 26, 1261. “Auwers, fbid. 22, 6oy,
¥ Nietzki and Kehrmann, 74/, 20, 614. 4S. p. 370.
® Bamberger, /4id. 19, 1430.
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avoid the usc of cxcess of ydroxylamine hydrochloride
s0 as to prevent the formation of nitriles.’

Lotasscune Jepdroxylamine sulpfionate, supplicd by
the ** Badisclien Anilin- unnd Sodafabrik,”” witder tle
name ¢ Reducirsalzes, ' lias been cmployed, inaqueouns-
alcoholic solution, for the preparation of oximes;* in
presence of free alkali it is hydrolysed, and the liber-
ated hydroxylamine acts in the nascent state on the
carbonyl compounds.” It also possesses the advantage
of cheapness.

Linedilpdroxylamine ydrockloride, 7nCl,.2NH, 011,
ltas been usced chiefly for the preparation of ketoxintes
as its resolution into hydroxylamine and anhydrous
zinc chloride facilitates the climination of watcr. It
is prepared © by adding zinc oxide (1 part) to hydrox-
ylamine hydrochloride (2 parts) in boiling alcoholic
solution. The boiling is continued in a reflux appa-
ratus for a fecw moments, and the liquid allowed to
cool. The compound is deposited as a crystalline
powder whiclt dissolves sparingly in water or alcohol,
Dut rcadily in solutions of bydroxylamine hydro-
chloride.

Ortho- and paraquinones and mictadiketones ceasc
to react with Itydroxylamine if scveral atoms of hy-
d ogen in the ortho-position arc replaced by haloid
atoms or alkyl groups.” Aromatic kctones of the
formula (CI'[S.(‘()),J(,).CO'I’\, where R == phenyl or an

! Garelli, Gazz. 21, 2, J8id. 2173. ? Kostanecki, 3. 22, 1344,
3 Raschig, Ann. 241, 187.
4 Crismer, Bull. soc. chim. [3], 3, 114, 8 3. 23, K. 223.

¢ Kehirmann, /2474, 21, 3315, llerzig and Zeisel, £467 4 21, 3304,
Cf. Jbid. 22, 134..
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alcohol radicle, are also incapable of forming oximes;’
indecd, the presence of carbonyl, which doces not yicld
oximes, in such compounds as acids,” amidcs,® or
esters* may, by the production of hydroxamic acids,
lead to crroncous results.  The statement that alkyl
salicylates and hydroxylamince give salicylhydroxamic
acid requires further investigation,*  The unsaturated
ketoalcohol camphoroxalic acid

C:C.Oll.Cco.o1n
C l'I )
¢ "<(ZO

yiclds an additive compound

CH <CH.C.OH.CO.OH
7 7CO NIH.OH

with hydroxylamine,” and it has been subsequently
shown that certain unsaturated kctones, such as pho-
rone, behave in a similar manner.®

(3) PREPARATION OI SEMICARBAZONES.”

The formation of wecll-crystallized derivatives of
semicarbazide has proved cxtremely uscful in the
investigation of terpene compounds which often yicld
liquid oximes, and phenylhydrazones that only crys.

' V. Meyer, B. 29, 836. Feit and Davies, /J4id. 24, 3546
Biginelli, Gazz. 24, 7, 437. Claus, J. pr. 45, 383. Baum, 13. 28,
3209.

? Nef, Ann. 258, 282. 3 C. Ioffmann, B. 22, 2854.

4 Jeanrenand, /bid. 22, 1273.

5 Bishop Tingle, Am. Chem. Journ. 19, 408.

8 C. Harries and F. Lehmann, 3. 30, 231, 2720.

7 Baeyer and Thiele, /éid. 27, 1918
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tallize witht difficulty and recadily undergo decomposi-
tion.

Preparation of Semicarbazide Salts.
(N) Seudcarbaside 1lydrochloride
NIL.CO.NIIL.NIIL,.IHC]
is prepared fram

(&) Ilvdrazine sulphatey’
(&) Nitrocarbamide.”

(@) Mydrazine sulphate (13 grams) is dissolved in
water (100 cc), aud ncutralized with dry sodium cav-
bonate (5.5 grams), when cold potassium cyanate (8.8
grams) is added and the solution allowed to remain
overniglt. A small quantity of hydrazodicarbonamide,
NH,.CO.NII.NII.CO.NI,, sdcposited wirich is some-
what augmented on acidifying with dilute sulphuric
acid. The amide is removed and the acid liquid well
shaken with benzaldehyde; the precipitate of benzal-
sciiicarbazone which forms is  separated and  well
waslted with cther. Tt is now carcfully heated on the
water-batlt, in portions of 20 grans, with conceutrated
hydrocliloric acid (o grams), snflicient water being
added to canse the ot liquid to hecame clear; the
beuzaldelyde is ranoved by repeatedly extracting the
Lotliquid with henzene ; whent eoldthe agueous solution
deposits small necedles of samicarbazide hydrochloride,
wlhicht are removed, dried, :ord recrystallized from
dilute aleohol.  The purified comtpoutd forms prisms

U Thicle and Q. Siange, 13, 28, 32.
? Thicle and Tlenser, Aun, 288, 31a.
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wltich decomposc at 173°.  The motlter-liquors yicld
a further quantity of the benzal derivative when treated
with benzaldehyde.

() Commercial ntitrocarbamide (225 grans) is mixed
‘with concentrated hydrochloric acid (1700 cc), a little
icc added, and the liquid made into a pastc by the
successive additions of small quantities of zinc-dust
and ice; constant stirring is necessary, and the tem-
perature must not exceed 0°.  The operation may be
carried out in an cnamelled dish cooled by means of
a freezing mixture; when it is completed the prodact
is allowed to rcmain for a short time, the excess of
zinc-dust removed, and the filtrate saturated with
sodium cliloride.  Sodium acctate (200 grams) is now
added, together with acctone (100 grams), -and the
liguid placed on icc orin a freczing mixture.  In the
coursc of scveral hours a double salt of zinc chloride
and acctone semicarbazide crystallizes out, it is
collected and washed first with sodium chloride solu-
tion and finally with a little water. The yield is
40-55 per cent.  The zinc compound (200 grams) is
digested with concentrated ammonium hydrate (350 cc)
and after some time the liquid is filtered; the residue
consists of acctone scmicarbazone, which is converted
into semicarbazide salts in the manner described above
for the benzal derivative. Many ketones do not
readily react with semicarbazide hiydrochloride and
the products obtained from some may coutain chlorince;
in such cases semi-carbazide sulphate should Dbe
employed.
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(B) Preparation of Sermicarbazide Sulplate!

The filtrate from hydrazodicarbonamide, prepared
in the manner described above, is cautiously made
alkaline and shaken with acctone; the acctone semi-
carbazonce which is deposited is mixed with alcohol,
and treated with the calenlated quantity of sulphuric
acid; the sulphate crystallizes out and is purified by
washing with alcohol.

Dreparation of Semicarbazones.”

Semicarbazide hydrochloride, dissolved in  the
minimum quantity of water, is mixed with the cal-
culated amount of potassium acctate in alcoholic
solution, and tle ketone added, together with water
and alcolol sufficicnt to give a clear homogeneous
liquid. Thisis allowed to remain until the completion
of the reaction, which is recognized by the deposition
of crystals when the mixture is diluted with water,
and, as in the case of hydroxylamine, may rcquire
from a few minutes to four or five days, Somectimes
it lItappens that the deposit produced is oily and
only solidifics after several hours.  The usc of semi-
carbazide sulphate is illustrated by the preparation of
lononce semicarbazone, which cannot be obtained from
tlic hydrochloride.  The sulphate is used in a finely
divided form and added to glacial acctic acid in which
thie equivalent quantity of sodium acctate has been
dissolved; after remaining at the ordinary temperature
during twenty-four hours, the solution of ionone is

' Tiemann and Kriiger, B. 28, 1754.  ? Baeyer, /4id. 27, 1918.
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added, and the liquid allowed to remain three days
longer. The product is pourcd into a cousiderable
volume of water, extracted with ether, and the cther
freed from acetic acid by trcatment with sodium car-
bonate' solution. After drying and rcmoval of the
ether the residuc is trcated with ligroin to remove
some impurities, and the remaining product crystallized
from a mixture of benzene and ligroin.

Should a ketone not yicld a crystalline semicarbazide
it is advisable to treat it with amidoguinadine picrate,
as the resulting compounds arc distinguished by tlte
ease with which they crystallize.

(4) PREPARATION OF AMIDOGUINADINE DERIVATIVES. '
Preparation of Amidoguinadine Salts.

Nitroguinadine (208 grams) is mixed with zinc-dust
(700 grams) and sufficient icc and water to form a
stiff paste; to this commercial glacial acetic acid
(124 grams), diluted with its own volumc of water,
is added, the mixturc is well stirred, and great care
taken to add ice so that during the 2—3 minntes
required for the addition of the acid tlie temper-
ature shall not exceed 0°.  Tlie temperature is now
allowed to rise gradually to 70°; at this stage the
mixture is viscid and has a ycllow color duc to an in-
termediate product. The temperaturc is maintaind
at 40°—45° until a little of the filtered liquid ceases to
yield a red color with sodium hydroxide and a ferrous
salt. The conclusion of thc operation is usnally in-

! Baeyer, B. 27, 1919. ? Thiele, Ann. 270, 23.
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dicatcd by evolution of gas aud the formation of a
frotlty scuin on the surface of the liquid.  The product
is filtered, the residue well washed with water, the
washings and filtrate mixed with hydrochloric acid
sufficiecnt to libcrate the acetic acid, and the whole
concentrated to the smallest possible bulk; it is then
treated with alcohol, again cvaporated to expel water,
and the solid boiled out with alcohol; this, when
cold, deposits amidoguinadine hydrochloride, which is
further purified by recrystallization from alcohol to
which animal charcoal has been added. The pure
salt melts at 163°,

Dreparation of Amidogninadine Bicarbonate.’

The ligmid obtained by the reduction of nitroguina-
dinc with zinc-dust and acetic acid is maintained
slightly acid with acctic acid, evaporated to about
500 cc, cooled, and trcated with concentrated sodium
or potassium bicarbonate solution to which a little
ammonium chloride has been added to prevent the
deposition of any zinc. The amidoguinadine salt is
completely precipitated in twenty-foar hours; it is
sparingly sohible in hot water but suffers decomposi-
tion, atd when slowly heated it melts and decom-
poses at 1727,

The nitrate and the normal and hydrogeun sulphates
are prepared in a similar manner.

! Thicle, Ann. 302, 333.
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Preparation of Anidoguinadine Picrate Derivarives.

Amidoguinadine hydrochloride is dissolved in a
small quantity of water containing a tracc of hydro-
chloric acid and the ketone added together with suf-
ficient alcohol to give a clear solution. The reaction
is completed by boiling for a short time. The product
is treated with water and sodium hydroxide solution
in excess, and the liquid base cxtracted by mecans of
ether. The cthercal solution is separated, the ether
removed, the residual oil suspended in water and
treated with picric acid in aqucous solution, the picrate
is quickly deposited in granular crystals which are
purified by recrystallization from concentrated or
dilutc alcohol.

Somec carbohydrate derivatives of amidoguinadine
are known.’

PARAMIDODIMETHYLANILINE DERIVATIVES.

Condensation products of aldehydes and paramidodi-
methyl aniline may be prepared by mixing the con-
stituents with or without the addition of alcohol.
The temperature of the liquid riscs spontancously,
and the condensation product wusually scparates in
crystals.”

! Wolff and Herzfeld, Z. Riib. 7893, 743. Wolff, . 27, 971;
28, 2613.

? A. Cahn, J4id. 17, 2938. The literature of this subject is given
in M. and J. II, p. 515.



Cuarrer IV.

DETERMINATION OF THE AMINO NH,; NITRILE
1
CN; AMIDE CO.NH,; IMIDE NH; METHYL IMIDE
N.CH,; AND ETHYL IMIDE N.C,H, GROUPS.

DETERMINATION OF THIZ AMINO GROUP (II\IHQ).

Diffcrent methods are employed for tlie determina-
tion of the amino group according to whether the
compound is an aromatic or aliphatic aminec.

(A) Determination of Aliphatic Amino Groups.

These are determined :

(1) By meeans of nitrous acid.

(2) By analysis of the salts and double salts.

(3) By acerylation.

(1) Nitrons Acid Mcthod.—Aliphatic amines react
with nitrons acid in accordance with the cquation

RN, 4+ TINO, 3s ROTT 4 N, - T1,0.

The first methiod suggested for the determination of
the nitrogen consisted in liberating it in an atmosphere
of nitric oxide, which was then absorbed by means of
ferrous sulphate solution.’ The following process is
much more convenient. The substance, dissolved in

! R 9'1(‘115'«. an(l W. Korunnn L: mdwnr(hm h. Vers. -St.'llmnen

17, 321. Z. anal. Ch. 14, 380,
o
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just sufficient dilute sulphuric acid to give a ncutral
solution, is placed in a flask provided with a trebly
bored stopper. If possible a distillation bulb should
be employed having a capillary tube fused to it. A
dropping funnel is fitted to the stopper of the flask,
the leg being drawn &ut, bent upwards, and passcd
below the surface of the liquid; it is filled with
distilled water at the commencement of the cxperi-
ment. The third tube of the flask, or the side tubc
of the distillation bulb, is fitted by mcans of an air-
tight stopper almost to the bottom of a seccond distil-
lation-bulb. This has its side tubc suitably bent, and
connected with a Liebig's potash bulb filled with
potassium permanganate solution (3 per cent) contain-
ing sodium hydroxide (about 1 gram). The gas
delivery-tube is attached to the potash bulbs and dips
below the mouth of the measuring vesscl, which is half
filled with mercury and half with potassium hydroxide
(sp. gr. = 1.4). The air is displaced from thec appa-
ratus by a slow current of carbonic anhydride, which
may be obtained pure and frec from air by dropping
dilute sulphuric acid (50 per cent. sp. gr. = 1.4) into
a concentrated solution of potassium carbonate (sp.
gr. = 1.45-1.5)."  When the air is expelled the meas-
uring tube is placed in position and a slight cxcess of
potassium nitritc solution added by mcins of the
dropping-funncl.  The reaction is completed by
heating on the water-bath and the addition of a little
dilute sulphuric acid.

(2) Analysis of Salts and Double Salts.—The prep-

' Fr, Blau, M. 13, 280.
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aration of most of these is too well known to require
comment., Of the simple salts the Zydrocklorides some -
times can only be induced to crystallize in a state of
purity by the action of anhydrous hydrogen chloride
on a solution of the base in ether free from alcohol
and moisture. The chromate and picrate,’ cspecially
the latter, usually crystallize readily. The mercurs-
clloride, RHgCl, , has occasionally been of service in
cases wherce the awro-ciloride or platino-chiloride are
oily or unstable (cf. pp. 89, 94).

(3) -Acerylation.—This is described in the next sec-
tion on the acetylation of the aromatic amines.

(B) Determination of Aromatic Amino Groups.

The following methods arc employed for the deter-
mination of primary aromatic amines:
(1) Titration of the salts.
(2) Preparation of diaso derivatives.
(a) By conwversion into an aso dye.
(b) Indircet method.
(¢) Asoiniide method,
(d) By means of the Sandmeyer-Gatiermann
reaction.
(3) Analysis of salts and double salls.
(4) Acerylation.

(1) TITRATION OF TIIE SALTS.?

(I) Salts of aromatic amines, in aqucous or alcoholic
solution, give an acid reaction with rosolic acid or

! Delépine, Bull, 15, 53.
? Meuschutlon, B. 16, 316.
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phenolphthalein.  The salt, preferably the hydro-
chloride or sulphate, is dissolved in water or dilute
alcohol, phenolphtlialein added, and the titration
carried out in the ordinary manner with potassium
hydroxide.

(IT) Many frce bascs may be directly titrated witly
hydrochloric acid, mcthyl orange being used as an
indicator,

(2) PREPARATION OF DIAZO-DERIVATIVES.
(@) Conversion of the Base tnto an dso Dye.

The basc, for cxample aniline (0.7-0.8 gram), is
dissolved in hydrochloric acid (3 cc) anil diluted with
water and ice to 100 cc. A titrated solution of «* R-
salt,” sodium 2:3:6 naplhtholdisulphonate, is pre-
pared, of such strength that a liter is equivalent to about
10 grams of naphthol. The solution of the hydro-
chloride is cooled to 0%, sodium nitritc added in quantity
equivalent to the aniline or other base present, and
the mixture gradually poured into a measured quantity
of the sulphonate solution which has becu treated
with sodium carbonate in excess,  The dye produced
is precipitated by means of sodium chloride, filtered,
and the filtratc tested with diazobenzene chloride so-
lution and R-salt to determinc whether the latter or
the basc is in excess. By repeating the experiment
it is possible to find the volume of R-salt solution
necessary to combinc with the diazo-derivative of the
base originally taken.

! Reverdin and De la Harpe, Ch. Z1g. 13, 1. 387, y07; . 22, 1004.
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The following method has been applicd to aniline,
ortho- and paratoluiding, nictaxylidite, ad sulphamilic
acid.” A kuown quantity of the basc is diazotized
and made made up to o certain volume; it is then im-
mediately added {rom a burctte to a solution of
< Schiifer’s salt,”’ sodium 2: 6-naphthol sulphonatc,
of known strength, which has been mixed with sodinm
chloride and a few drops of ammonium hydroxide,
the addition being continued so long as a precipitate
forms. The end point is determined by bringing a
drop of the clear supernatant liquor on to filter paper
and allowing it to comic into coutact witlt a drop of
the diazo-solution. The progress of the reaction can be
followed Dby the intensity of the red color produced
at the point of contact of the two liquids on the
paper.  Towards the end of the operation the color is
ouly visible in the middle of the moist circle. In the
casc of readily soluble dyes, such as that given by
sulphanilic acid, the paper must be covered with a
thin crust of sodium chloride and the test portions
allowed to fall on to it; more sodium chloride must
also be added to the naphtholsulplionate solution.

(0 fndirect Method.

This is extensively cmployed for technical purposes
and consists of an intversion of a mecthod for the de-
termination of nitrous acid.” The basc s treated with
three times its weight of hydrochloric acid and the
mixture dissolved in so much water that the solution

'R, Ilirsch, B. 24, 324.
*A. G. Green and 8. Rideal, Ch. N. 49, 173.
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contains 0,01 to 0.1 gram cquivalent of thie base.
The solution is maintained at 0° by means of icc, and
titrated with sodium nitrite solution, potassium iodo-
starch paper being used as indicator; tlic operation is
ended when a drop of the mixed liquids gives a blue
coloration with the paper. The nitrite solution should
be about N/10. Itisprepared’ by dissolving the nitritc
in 300 parts of cold water and is titrated by adding
NNV/10 potassium permanganate solution until a distinct
permanent red coloration is obtaincd; two or thrcc
drops of dilute sulphuric acid are now added, tlien
immediately excess of the permanganate, the liquid is
made strongly acid with sulphuric acid, heated to
boiling, and the cxcess of permanganate determined
by means of N/10 oxalic acid solution,

(¢) Azoimide Method.

This is specially applicablc to compounds containing
amino groups linked to different nuclei. The azo-
imides are prepared by the action of ammonia on the
diazoperbromides * and, on account of the large con-
tent of nitrogen in the former, their analysis is pecul-
iarly well adapted for the determination of tlic num-
ber of diazotisable groups in thce molccule.  Dectails
of the method of preparing azoimides have been given
by various chemists *,

'L. P. Kinnicutt and J. U. Nef, Am. Chem. Journ. 6, 38%.
Fresenius' Zschr. 26, 223.

2 Meldola and Hawlkins, Ch. N. 66, 33,

s Griess, Ann. 137, 65.

1Nélting, Grandmongin, and O. Michel, B. 25, 3328, Curtins
and Dedichen, J. pr. 2], 50, 250,
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(d) Sandmeycr'-Gattermann’'s® Reaction.

The dctermination of the amino group is often
conveuticntly accomplished by converting it into the
diazo-derivative and replacing the nitrogen by chlo-
rinc; as a rule the diazo-compound is not isolated.
Thc followintg cxample® will serve to illustrate the
mcthod : Mectanitraniline (4 grams) and concentrated
hydrochloric acid, sp. gr. = 1.17 (7 grams), are dis-
solved in watcer (100 grams), and 10 per cent cuprous
chloride solution (20 grams) added; the mixture is
heated almost to boiling in a reflux apparatus, and
sodium nitritc (2.5 grams), dissolved in water (20 grams)
is gradually mn in by mecans of a dropping funnel,
the mixture being well shaken during the addition.
Nitrogen is cvolved and a heavy brown oil collects
which solidifies when cooled with ice and is purified
by distillationn. As a rule thesc chloro-derivatives are
volatile with stcam; if not they arc purified by means
of cther or benzene.

The above mcthod is the one originally proposed
by Sandracycr; by means of it chloro-compounds may
be readily obtained from diamines which cannot be
diazotised in the ordinary manner,  The cuprous
clidoride employed is prepared by boiling crystallized
copper ‘sulphate (25 parts) and anhydrous sodium
chlovide (12 parts) with water (50 parts); some sodium
sulphate crystallizes out, and when the reaction is
completed the product is mixed with concentrated
hydrochloric acid (100 parts) and copper turnings

113, 17, 1633. 2 75id, 28, 1218. 3 J5id, 17, 2650.
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(13 parts), the mouth of the flask is loosely closed
and the mixture boiled until the liquid becomes color-
less, Sufficient concentrated hydrochloric acid is now
added to bring the weight of the mixture to 203.6
parts, since only 6.4 parts of the copper actually dis-
solve, 197 parts of solution arc obtained which cont-
tains 0.2 gram molecules of Cu. Cl. The filtered
solution may be retained a considerable tinie in a well
closed bottle coutaining carbonic anltydride.’

Cupric cliloride is reduced to cuprous chloride by
Lypoplospliorus acid,” hence, i place of tlie cuprous
chloride solution preparcd accordintg to the foregoiung
mcthod, a mixturc of hydrochloric acid, copper sul-
phatc solution, and sodium liypophosphite may - be
employcd.®

Thie use of fincly divided copper instead of cuproas
chloride has been suggested ;* amoungst other advan-
tages tlie reaction proceeds at tlte ordinary temperature,
and the yicld is frequently improved. The copper is
prepared by adding zinc-dust, through a fine sicve, to
a cold saturated solution of copper sulphate until only
a faint blue color remains, the product is well waslied
by decantation with large quantitics of water, the
remaining zinc removed by digestion with higlhly di-
lute hydrochloric acid, and the copper filtered and
washed with water until ncutral; it is preserved in tlie
form of a paste in wcll-closed bottles.  Tlhie follow-
ing cxample will illustrate tlhic mcethod of work-
ing: Anilinc (3.1 grams) is mixed witlt 40 per cent.

! Feitler, ]. pr. 4, 68. ? A. Cavazzi, Gazz. 16, 167.
* A. Angeli, /4id. 21, 2, 258. 4 Garlermann, 3. 28, r218.
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hydrochloric acid (30 grams) and water (15 cc), the
liquid is cooled to 0° and a saturated aqueous solution
of sodimn nitrite (2.3 grams) quickly added, the liquid
being vigorously stirred, preferably by mcans of a
turbine; the reaction is completed i one minute.
Fincly divided copper (2 grawms) is now gradually
added to the diazo solution, which is well stirred ; tle
reaction requires 15-30 niinutes for completion, this
is signalized by the particles of copper ceasing to be
carricd to tlie surface of the liquid by tlhe escaping
bubbles of nitrogett.  The chlorobeizene 1s removed
by stcam distillation.

(3) ANALYSIS OF SALTS AND DOUBLE SALTS.

The remarks on the salts of aliphatic amines (p. 83)
apply gencrally to those of the aromatic series; the
accumulation of ncgative groups in their molecules
often completely prevents the formation of salts.  As
a rule the awnro-c/idoride contains one atom of gold for
cach amino group, and the platino-clloride one atom
of platinum to two amino groups, but amino pyridine
platino-cliloride has the formula (C,H N}, .H PtCle,.!
Somictintes the allyl haloid salts are of scrvice, but
many primary bascs do not form them.” In presence
of sccondary or tertiary amino groups the method
yiclds fallacious results.  Certain compounds frec
from nitrogen may form salts, dimcthylpyrone, for
example, gives amongst others a platino-chloride
(C,I1,0,),.1,PtCl, .2

! M. 18, 176, * Ilofmana, Jahresbericht (#863), p. 421.
3 Collie & Tickle, Joura. Chem. Soc. 75, 7rz.
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(4) ACETYLATION.
The methods of acetylation described for the deter-
mination of hydroxyl (Chapter I) are also applicable
to the amino group (cf. acctylation of imides, p. 92).

DETERMINATION OF THE NITRILE GROUP (C:N.)

The nitrile radicle is determined by hydrolysis, tlic
resulting ammonia or acid beiny collected.

(@) Prolonged Dboilingy with hydrochloric acid s
usually sufficicnt to causc liydrolysis; the product is
then treated with alkali in excess, and tlic ammonia
distilled off and dctermined in the ordinary manner.

(6) Should the hydrolysis only takc place in the
prescnce of aqueous or alcoholic alkali an apparatus
similar to that employed in Zciscl’s method for the
determination of methoxyl is used (Fig. 1, p. 34).
A current of air, freed from carbonic anhydride, is
passed through the apparatus, and the bulbs arc filled
with concentrated alkali solution; the ammonia is
most readily determined as the platino-chloride, At
the conclusion of the experiment the flask 4 will
contain the alkali salt of the acid produced, and may
be treated by one of the methods described for the
determination of carboxyl (Chapter IT).

(¢) The hydrolysis of nitriles’ may bc hindered by
stereo-chemical influences, especially in the case of
diortho-substituted compounds,” just as the corrc-
sponding aeids etherify with difficulty, or not at all,
under the influence of hydrogen chloride. The nitriles

! M. and J., II, p. 54s.

2 A, W. v. Hofmann, B. 17, 1914; 18, 1825; Stallburg, Ann.
278, 209. Cain, B. 28, g69. V. Meyer and Erb, /id. 29, 834, foo1l-
note, Sudborough, Journ. Chem. Soc, 67, 6o1.
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in question, although tlicy resist prolonged heating at
a high temperature in a scaled tube with hydrochloric
acid, are all converted into amides by continued boil-
ing with alcoholic potassium hydroxide." The amide
is liydrolysed to the acid in the manner described in
the following section: Cyanmesitylenc® requires boil-
ing during scventy-two ltours with alcoholic potassium
hydroxide, and triphenylacctonitrile ® needs fifty hours
boiling with the. same recagent to produce the amide,
Some nitriles that arc otherwise resistant may be
hydrolysed by heating at 120°-130° during an hour
with o per cent sulphuric acid (20-30 parts). The
resulting amide is converted into the acid by means of
nitrous acid * (cf. following scction). Unhydrolysable
nitriles have also been described.®

(d) Certain amides may be obtained by the action
of alkaline hydrogen peroxide at 40°° on the nitriles;
the resulting componnds are then treated in the
manner described in the preceding scction.

DETERMINATION OIF THE AMIDO GROUP (éO . NH.).

The amido group is determined by hydrolysis, in a
similar manner to the nitrile group (preceding sec-
tion). The mecthod cmployed for the hydrolysis of
very stable amides’ is best illustrated by its applica-
tion to the preparation of triphenylacetic acid.® The

! Bouveault. S. p. 8o. Ilantzsch and Lucas, B. 28, 748.

? V. Meyer and Erb, 74id. 29, 834. 3 V. Mceyer, Mid. 28, 2782.
4 Sudborough, Jour. Chenm. Soc. 67, 6o1. Miluch, B. 29, 64.

5 Radziszewski, /4id. 18, 355.

4 Clans and Wallbaum J. pr. 56, s2.

T Bouveault, Bull, [3], 9, 370.

% G. lleyl aad V. Meyer, 13. 28, 2783.
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finely divided amide (0.2 gram) is gently warmed
with concentrated sulphuric acid (1 gram) and the
clear solution cooled in ice, sodium nitrite (0.2 gram),
dissolved in water (1 gram) cooled to 0° is added
very slowly by means of a capillary tubc; when the
addition is complete the test-tube containing the
mixture is placed in a beaker of watcr and gradually
heated. The evolution of nitrogen commences at
60°—70°, and is completed at 80°—g0°; finally the tube
is heated in boiling water for 3—4 minutes, ‘'but not
longer. When cool, ice is added to the liquid, the
precipitated solid collected, and purificd by solution in
dilute sodium hydroxide and precipitation with sul-
phuric acid., It is highly desirable to use the exact
theoretical quantity of sodhwumn nitrite dissolved in the
smallest possible volume of water.”  Sterco-chemical

influences are effective in hindering tlic hydrolysis of
amides as they are that of the nitriles.”

DETERMINATION OF THE IMIDE GROUP (Il\}H).

The following methods arc cmployed for the deter-
mination of the imide group:

(1) Acetylation.

(2) Alkylation.

(3) Analysis of salts.

(4) Elimination of the imidogen as ammonia.

(1) ACETYLATION OF IMIDES (SECONDARY AMINES).

Imides may be acetylated by any of the metliods
employed for the determination of hydroxyl which arc

! Sudborough, Jour. Chem. Soc. 67, 604,
* A bibliography of the subjcct is given in M. and J. I, p. 54s.



DETERMINATION OIF THE AMINO GROUP, ETC. g3

described in Chapter I. The reaction usually takes
placc without difficulty, and thercfore an indirect
method’ may be utilized. A weighed quantity of the
compound (about 1 gram) is placed in a flask, fitted to
a reflux apparatus, and acetic anhydride (about 2
grams) quickly added. The anhydride should be
added from a suitably stoppered vessel, wltich is
weighed before and after the addition.  The mixture
isallowed to remain at the ordinary temperature during
about thirty minutes, water (50 cc) is then added, and
the liquid heated on the water-bath during forty-five
minutes; the solution isnow cooled, diluted to a definite
volume, and titrated with sodium hydroxide of known
strength, phenolphthalein being used as indicator.

The process was specially worked out for
mctliylaniline, hence, for other imides, the duration
of the heating and tlie temperature requirc modifica-
tion according to the readiness with which they react.
It may Dbe desirable to heat in a scaled tube, or in a
dry closed flask, the mixturc being constantly shaken,
and the anhydride diluted with ten volumes of
dimecthylaniline.?

(2) ALKYLATION OF IMIDES,

Some imide groups may be methylated by dissolv-
ing the compound in alkali and gradually adding
mctliylic iodide; the mixture is constantly shaken and
maintained at the ordinary temperature. The method
has been extensively cmployed in the investiga-
tion of purin and uric acid derivatives.”

" U Reverdin and De Ia Harpe, B. 22, roos.
2 11, Girand, Bnll. (3), 1L 142.
3 E. Fischer, 3. 28, 2479; 30, 509, 3094; 32, 453. C. (1397), I1. 157,



94 RADICLES IN CARBON COMPOUNDS.

(3) ANALYSIS OF SALTS.

The remarks on the analysis of salts of primary
amincs (pp. 83, 89) apply cqually to thosc of second-
ary ones.

(4) ELIMINATION OF IMIDOGEN AS AMMONTIA.

The hydrolysis of the imides is usually carried out
by prolonged boiling with hydrochloric acid cither in
an open vessel or under pressure in a scaled tube.
The liquid is then made alkaline, the ammonia or
amine volatilized into hiydrochloric acid, and the excess
of thelatter determined by titration or, in some cases,
by means of the platino-chloride.

DETERMINATION OF METHYL IMIDI (i\)TCHa).‘
The hydriodides of mecthylated bases climinate
methyl iodide at 200°-300” in accordance with the
equation R,NCH,.I11 - R,NII -}- CIL,I; the iodide
may be determined by Zeisel's method (cf. p. 33)-
Theapparatus ecmployed is id ¢ 1~
tical with that of Zcisel exceprt
tlte vessel in which the suls-
stance is heated. This is shown
“zin Dig. 10, and consists of =
double flask @ & conncctecl
Dy mcans of a cork with the
vessel . The method is mocli-
fied according to whether one
or more alkyl gronps arc linked
to nitrogen, and, in the latter
case, wlhicther tliese arec to be

1a. 0.

! J. Herzig and 1I. Meyer, 3. 27, 319. M. 15, 613; 16, 599.
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determined suceessively ; finally the presence of alky-
loxy granps, in addition to methyl imide, demands
spreial manipulation.

(1) Determination with only one Alkyl linked to
Nitrogen.,

The compound (0.15-0.3 gram) as free base,
nitrate, or haloid salt is placed in the flask « together
with suflicient liydriodic acid (sp. gr. = 1.68-1.72) to
fill the vassel ¢ to the mark de; the object of this is to
retain ity volatile basic compounds which might be
carricd over by the carbonic anhydride. In addition
to the acid the flask @ also contains ammonium iodide
in quantity cqual to 5-6 times that of the substance
cmployed.  The vessel € is connected directly with
the condenser (I8ig. 1, p. 34); it should contain a little
red pliosphorus if much iodine is liberated in @, as is
usially tlie case when nitrates are employed. The
flask & is filled witl asbestos, a little of which is also
placed in @ to facilitate the boiling. A more rapid
current of carbonic anlydride is uscd than in the de-
termination of methoxyl, so as to remove the methyl
iodide as cuickly as possible and prevent its entering
into contbination with the other compounds produced,
conscquently two absorption flasks with silver nitrate
must always be employed.  The heating is done by
wicans of a sand-bath of copper with a sheet-iron bot-
tom; it is divided into two cqual portions by a partition,
audd is of such a shape as to permit the flasks being
immersed in the sand up to the line fg. The flask o
is first heated, carbonic anhydride being passed through
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the apparatus, a portion of the acid distils into & and
some into ¢. Gradually the second chamber of the
bath is filled with sand, and 4 then dircctly heated.
All the acid soon accumulates iu ¢, the carbouic an-
hydride bubbling through it whilst the flask ¢ contains
only the hydriodide of the basc. The commeucement
of the decomposition is indicated by a turbidity it the
silver nitrate solution, and it occurs soon aftcr the
acid has been cxpelled from the flask 4. The remain-
der of the experiment is carried out exactly as in tlic
methoxyl determination.

(2) Deterniination with two or more Alkyl Groups
linked to Nitrogen,

This is carricd out in the manncr described in the
preceding section; when the operation is completed
the appararus is allowed to cool in a current of car-
bonic anhydride, ¢ is dctached from the condenscr,
and by cautious tilting the acid poured from it back
to &, whence it will pass spontaneously to a. A {resh
quantity of silver mitrate is placed in the absorption
flasks, and the apparatus is ready to licat again, The
operation is repeated until the quantity of silver iodidce
obtained is equivalent to an amount of alkyl weighing
less than 0.5 per cent of the substance employed.
It is important to conduct the determinations at the
lowest possible temperature, and therefore a thermom-
cter is placed in the sand-bath which is ncver
allowed to exceed, by more than 40°, the temperaturc
(200°—250°) at which the silver nitrate sohtion first
becomes turbid.  When several alkyl groups arc pres-
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ent, it is advisable to use more ammoninm iodide
than otherwise, about § grams in @, and 2—3 grams in
6. Each decomposition requires some two hours for
complction, and threc such arc amply sufficient even
though the compound coutains threc or four alkyls.

(3) Swuccessive Determination of the Allyl Groups.

The alkyl groups may be successively climinated
from fcebly basic compounds such as
caffeine or theobromine. In place of
the vessel previously employed (Fig.
10), the substance is heated in onc T
of the shape shown in Ifig. 11. Tt is
immersed in a sand-bath to the mark
ab; after heating the acid is allowed
to flow baclk to the flagk, a little am- allls
monium 1odide is addcd, and the
heating repeated,—the operation be-
ing performed a third time, with the
addition of more ammonium iodide, F16. 11.
if three alkyl groups are present.

e C P2

(4) Deternination of Methyl Imide tn Presence of
Methoxy!l.

The metltyl imide may be determined in presence of
mcthoxyl by heating the hydriodide alone in the flask
a (Fig. 10); it is, however, prefcrable to add to it
hydriodic acid (10 cc), and heat the flask in an oil- or
glycerol-bath so that scarcely any distils over into 4.
When the operation is ended, which is indicated by
the silver nitrate solution becoming clear, the tem-
perature is raised, and the acid distilled off until only
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so much remains in @ as is usually employed for the
methyl imide determination (see section 1). During
the distillation the silver nitrate solution remains quite
clear, and the methoxyl determination is complcted.
A fresh portion of silver nitrate is taken, the excess of
acid removed from 6 and ¢, ammonium iodide added,
and the methyl imide determination commenced in
the manner described in the preceding sections.

(5) General Remarks on the Method.

The purity of the hydriodic acid and ammonium
todide must be asccrtained by mecans of a blank ex-
periment.

The method is applicable to all compounds which
can form a hydriodide even though this may not be
capable of isolation, and accurate results are obtained
by the use of the hydrobromide, hydrochloride, or
nitrate. Quantitative results arc also obtained in the
case of many compounds, such as zn-ethylpyrroline,
methylcarbazole, and dimcthylparabanic acid, which do
not form salts. The limits of crror lic between + 3
and — 15 per cent of the total alkyl, conscquently the
presence or absence of one such group can only be
determined with certainty when the theoretical dif-
ference in composition for one alkyl exceeds 2 per
cent, or, in other words, when the molecular weiglit
of the original methylated compound is less than G5o.

In considering the results obtained it is nceessary to
observe thc color of the silver iodide; should this be
dark or gray instead of yellow, the crror is almost
always positive.

100 parts Agl = 6.38 parts of CH,.
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DETERMINATION O ETHYL IMIDE (II\ITCan).

The method’ of determination is exactly the same

as that described above for methyl imide. 100 parts
Ag 1 = 12.34 parts of C,I1.

DIFFERENTIATION OF TIHE METHYL IMIDE AND
ETIIYL IMIDIE GROUPS.

The mecthod of dctermination by means of the alkyl
iodides docs not, as a rule, distinguish between cthyl
imide and methyl imide; in doubtful cases it is
necessary to distil a considerable quantity of the
hydriodide of the base, and purify and identify the
alkyl iodide which is evolved. A second method
consists in distilling thce base with potassium hy-
droxide, evaporating the distillate with hydrocliloric
acid to dryness, scparating the organic hydrochlorides
from ammonium chloride by means of absolute
alcolhiol, and comverting the former into picrates,
platinochlorides, etc., which may then be identified;
the method must, howcver, be used with caution, as
it may lead to erroneous results.

'J. Herzig and H. Meyer, B. 27, 319. M, 15, 613, 16, 599,
? Ciamician and Boeris, B. 29, 2474.



CuarTer V.

DETERMINATION OF THE DIAZO GROUP (R.N:N.R);
OF THE HYDRAZIDE RADICLE lI\lIH .NH.); OF THE
NITRO-GROUP (NU,); OF THE IODOSO-GROUP (10);
OF THE IODOXY-GROUP (10,); OF THE PEROXIDE
GROUP é<§, IODINE NUMBER.

DETERMINATION OF THE DIAZO GROUP(R.N:N.R).

The aliphatic and aromatic diazo-compounds are
differently coustituted, hence the methods adapted for
their determination arc not identical.

N
(A) Aliphatic Diazo-compounds (C—CH<II\II).

The following methods are employed’

(1) Tirration with iodine.

(2) Analysis of the iodo-derivatives.

(3) Determination of the nitrogen in the wet way,

(I) DETERMINATION O TIIE NITROGEN BY TITRA-
TION WITII IODINL.

This reaction takes place in accordance with the
cquation CHN, . COOR + I, »~ CIII, . COOR + N,.
Rather morce than the theorctical gqnantity of iodine
is accurately weighed, dissolved in absolute cther, and
added, by means of a burette, to a known quantity

! Curtius, J. pr. 146, 422,
100
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of the diazo-compound also in §etharcal™a8SIATISH | the
cud of the reaction is indicatedhb# asharp change in

the color of the diazo-compound ‘8‘1118@5 n-yel w
to red; towards tlic conclusion of tHewtifrtios
recaction is facilitated by warming the liquid on the

water-bath.  The excess of lodine solution is rua into
a tared flask, the cther cautionsly removed, and the
residuc weighed.  Uunless the compound cmployed is
in a light state of purity the clange of color in the
liquid takes place long before all the nitrogen has
been expelled.

(2) ANALYSIS OF THE TODINE DERIVATIVE.

The iodine in the iodo-compound may be deter-
mincd 1n the ordinary thanncr, or tlic following simpler
method, first used in the investigation of diazoaccta-
mide,” may be employed. A weighed quantity of
the substance is placed in a tared beaker, dissolved
in a little absolute alcohol, and iodine added until a
permanent red coloration is obtained.  Tlhe alcohol
is volatilized on the water-bath, the cexcess of lodine
removed by cautious heating, and the crystalline
residue weiglied.  In this casc also the compound
cmploycd must be purc.

(3) DETERMINATION OIF TIE NITROGEN IN TIIE
WIEET WAY.

On accountt of the great volatility of the aliphatic
ethereal diazocarboxylates the methiod of nitrogen

1 Curtius, J. pr, 146, 423.
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dctermination described on p. 81 cannot be employed.
Tlhis difficulty is overcome ! by the usc of the apparatus

> shown in IFig. 12. A isa
F large gas cylinder contain-
ing watcr, 7a capillary tube,
tlic upper open cnd  of

Sy

which rises a little above
the level of the water in
A, 17 is a gas measuring
¢ tube, 2/ a small coudenscr

fitted to the little flask €

Ly means of a rubber stop-
per; through this a platinum wire also passcs. It is
bent in the manner shown and caurrics a glass-stoppered
vessel such as is employed in vapor deusity deter-
minations. The flask C is partially filled withh well
boiled, highly dilute sulpluric actd, the comtpound
(about 0.2 gram) wcighced into tlie small vessel s, and
the apparatus fitted together air-tight.  Wlien the air
in the apparatus is in cquilibrium with tlie atmosplicre,
which can rcadily be obscrved if a drop of water is
placed in 7, tlic volume of air in the eudiometer tube
is read off, and the temperatitre noted.  The vessel s
is now dropped into the acid, which is gradually icated
to boiling; the decomposition is completed i a few
minntes.  The apparatus is allowed to cool con-
pletely, the level of water in and ontside the tube /¢
adjusted, and tle volume, temperature, and pressurc
noted; the difference in volmne {from the provious
reading gives the quantity of nitrogen evolved.  As a

Fie. 12.

Pecew 4w vamemae, e e - LT L T T

' Corlins, J. pr. 146, 417.
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rule the pressure does not materially change during
the experiment.

Compounds containing an amino as well as a diazo-
group, such as diazoacctamide, may be decomposcd
by mecans of dilute hydrocliloric acid; after the evolu-
tion of nitrogen is completed the ammonium chloride
in the flask ¢ may be precipitated with platinum
cliloride and the amido and diazo nitrogen thus sepa-
rately determined in one operation.

(B) Aromatic Diazo Compounds. (Diazonium
Derivatives C.N.OH)

1

The diazo group in aromatic compounds is usually
determined by the preceding method ' (3), but it is
preferable to employ a Lungc’s nitrometer and 40 per
cent sulphuric acid.”  If tlic compound is unstable
and tlie determination is made in a current of carbonic
aithydride® the airshould be expelled at a temperature
of 0°.* Sulphuric acid, sp. gr. = 1,306, has a vapor
tension of 9.4 mm at 15°°.

DETERMINATION OF TIIE HYDRAZIDE GROUP
(NILNILs).

Dlither tlic oxidation or iodometric method may Le
employed.

! Knoevenagel, B. 23, 2997. v. Pcchmann and Frobenius, 75id.
217, 700.

! Bamberger, 76id. 27, 2598.

3 I1. Goldschmidt and A. Merz, J4id, 29, 1369; 30, 671.

4 [aatzsch, /4id. 28, 1741. 5 Regnanlte.
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(1) OXIDATION OF HYDRAZIDES.'

Boiling 17 ehling’s solution hydrolyses acid hydra-
zides, and oxidizes the resulting phenyl hiydrazine, the
nitrogen of which is evolved quantitatively and deter-
mined by the method described on p- 65. Tlic com-
pound is dissolved if possiblec in water or alcoliol;
hydrazides which do not dissolve arc weighed into a
small stoppered vesscl which is fixed mouth down-
wards in the hole of the stopperotherwise occupicd by
the funnel o, Fig. 8, and is dropped into the boiling
solution by means of a glass rod of the same volume.
Insoluble compounds may also be treated according
to the following mecthod:* 100 cc Feliling's solution
and 150 cc alcohol, together with a few fragments of
porceelain, arc placed in a 500 cc flask fitted with a
doubly borcd rubber stopper.  In tlic one lwle the
tube  containing the weighed substance is placed,
whilst through the other passes the end of an
inclined condenser. The conteuts of the flask are
boiled and the open end of the condenser counccted
witli a bent tube terminating in a short leg wlhich
dips below water. When no more air is expelled a
weasuring  vessel full of water is placed over the
end of the tube, and the vessel with tlic substance
pressed into the flask by means of a rod.  Continued
boiling for a short time suffices to liberate all the
nitrogen.

€11, Strachc and S. Iritzer, M. 14, 37. Iolleman and de Vries,
Rec. 10, 229. De Vries, 3. 27, 1521; 28, 2611.  Dctersen, Z. An.
6, =.

? }1. Mcyer, M, 18, jo4.
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I some cases it is desirable to recover the acid
on account of its rarity, or to rcmove it in order to
facilitate the determination, as in the casc of stearic
acid, the potassimn salt of whiclt canses the liquid to
froth over.  This can be acconplislied, if the acid is
sparingly soluble in water or dilute Iiydrochloric acid,
by Dboiling the hydrazide with concentrated hydro-
cltloric acid, during scveral hours; tlie solution is made
up to 100 c¢, the organic acid removed by means of
a dry filter, the first few drops of the filtrate rejected,
and 5o cc of the remainder taken for the determination,
This method of hydrolysis docs not  distinguish
betweent hydrazides and hydrazones, as the latter are
also acted upon by Itydrochloric acid.  Ortho- and
paratolylliydrazides are oxidized in tlhie same maunncr
as pbenyllhiydrazides, so that the method is also ap-
plicable to them.’

DPlatinic chloride oxidizes ltydrazine hydrocliloride
in accordance with the cquation:

N,II,.21ICl 4 2PtCl, »~> N, 4- 61IC] - 2PtCl,;

the evolved nitrogen is determined by the method
described on p. 101.°

Ilydrazine salts may be titrated by potassium per-
manganate in presence of sulphuric acid, provided tlie
concentrtion of the latter is 6-12 per cent.” The re-
action is represented by thie equation

17N, I, -+ 130 »> 13H,0 4+ 14N11, + 10N,

' M. 14, 38. ? Curtius, J. pr. 147, 37.
1 Detersen, Z. An, 5, 3.
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(2) 1ODOMETRIC METIIOD.!

Phenylltydrazine and iodine react in accordance with
the following cquation :

CJNILNH, + 2, »> 3HI 4+ N, + C,H,1.

The intcraction is quantitative in highly dilute solu-
tion witlt iodine present in excess.  The determination
is made by adding to a known volumc of N /10 iodine
solution tlie highly dilute solution of tlre base or its
Ity drochloride, obtained by ltydrolysis as described in
the preceding scetion; the excess of iodine is then
titrated in the ordivary manner.

In presence of dilute sulphuric acid iodic acid oxi-
dizes phetylhydrazine and this reaction may also be
cmployed for the determination.  The strength of the
iodic acid solution is ascertained by means of sul-
phurous acid of known titre; it is then added, in
excess, to the highly  dilute solution of phenyl-
hydrazine and sulphuric acid, and the mixture again
titrated.

To the above methods may be added the #i#ration
of phenylltydrazine with hydrochloric acid; methyl-
orange is uscd as indicator, and tolerably accurate
results arc obtained.?

DETERMINATION OF THE NITRO-GROUP (I]\I()u).
(A) Titration Method.*

Organic nitro-compounds arce reduced to amino-
derivatives by the action of stamnous chloride, in

! K. v. Meyer, J. pr. 149, 115. 2 Strache and Iritzer.
3 11. Limpricht, . 11, 3s.
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presentce of hydrochloric acid, in accordance with the
equation

R.NO, 4+ 35nC], 4+ 6 HCI »-» R.NH, + 35nC],
—+2[1,0;

the unchanged stannous chloride is determined by
titration, and, from the quantity which las rcacted,
the number of nitro-groups in the original compound
may be ascertained, Solution of iodine, or of potas-
sium permanganate, is employed for the titration.'

Reagents Required,

(1) Stannous Chloride Solution. Tin (150 grams)
is dissolved in coucentrated hydrochloric acid, the
clear liquid decanted, mixed with concentrated hydro-
chloric acid (50 cc), and diluted to 1 liter.

(2) Sodinm Carbonate Solution. Anhydrous sodium
carbonatc (180 grams) and sodium potassiitm tartrate
(240 grams) arc dissolved in water and diluted to 1
liter. ‘

(3) Zodine Solution. lodinc (12.54 grams) is dis-
solved in potassium iodide solution and the liquid
made up to 1 liter, it will thien be approximately N /10,
if cxactly so 1 cc = 0.005¢ gram Sn = 0.000 655 gram
NQ,.

(4) Starch Solution. This must be dilute, recently
prepared, and filtered.

Potassium Permanganate Solution. It should be

! Jenssen, J. pr. 78, 193. S. W. Young and R. E. Swain, J.
Am. (1897), 19, 812-814. Journ. Chem. Soc. (1898), 74, ii, 186.



103 RADICALS IN CARBON COMPOUNDS.

N/10, and may be used iustcad of the iodine, its
strength being determined by means of iron.

(Iy Method of Determination for Non-volatile
Componnds.

After the titre of the stamnous chloride has been
ascertained, the nitro-compound (about 0.2 gramn) is
placed in a 100 ce glass-stoppered flask, stattnous chlo-
ride solution (10 cc) added, and the liquid warmed
during thirty miuutes. When cool, the mixture is
diluted to the mark, and, after shaking, 10 cc trans-
ferred to a bealer by means of a pipette; alittle water
is added, then the sodium carbonate solution, until the
precipitate which first forms is wholly dissolved ; after
the addition of a little starch the iodine solution is run
in until a permanent blue coloration is produced.

The results of the analysis are calculated according
to the formula NO, = (¢ — 4).0.0007655 gram,
where @ = the number of cc of iodine solution equiv-
alent to 1 cc of the stannous chloride solution, and =
the number of cc of iodine solution required in the
dctermination.

If it is desired to usc the potassium permanganate
10 cc of the acid liquid, withdrawn as described above,
is boiled with fcrric chloride, and the ferrons cliloride
produced is determined in the ordinary manner.

(11 Modificd Micthod for Volatile Conipounds.

Volatile nitro-compounds arc weighed in o test-tube
about 30 cm by 8 mm, closed with a cork; the cork is
removed, and the tube, together with the stannous
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chloride, placed in a second larger one, 20 ¢cm by 13—
15 mm, which is then scaled. The larger tube may
be of thin-walled, rcadily fusible glass, as it will only
be subjected to a very slight pressure,  The tube is
heated in the water-batly during 1-2 hours, and well
shaken occasionallyy it is then cooled, the contents
completely washed iuto a 100-cc graduated flask, and
treated in the manner described in the preceding scc-
tion. The usc of a scaled tube is sometimes advisable
in the case of non-volatile compounds with which low
results may be obtained by heating in the stoppered
bottle.

(B) Diazo Method.'

Should the preceding method fail to give decisive
results the nitro-compound must be reduced to the
amino-derivative and this treated in the manner de-
scribed on p. 87. As an example mctanitrobenz-
aldchyde may be converted into metachlorobenzalde-
hyde at onc operation.® It is dissolved in concentrated
hydrochloric acid (6 parts), stannous chloride (4.5
parts) added, and after the reduction, without pre-
cipitating the tin, it is mixed with the calculated
quantity of sodium nitritc and an equal weight of
fincly divided copper.

DETERMINATION OF THE IODOSO- (10) AND
IODOXY- (10,) GROUPS.
Iodoso- and iodoxy-compountds in prescnce of
glacial acctic, of liydrochloric acid, or of dilute sul-
phuric acid liberate from potassium iodide an amount

! Gactermann, 3. 23, 222, ¢ Gagtermann, 2oc. ¢it.
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of iodine equivalent to their conteut of oxygeu; one
molecule of the former therefore liberates two, and of
the latter four atoms of iodine. Tor the determina-
tion the substance is hcated on the water-bath during
four hours with acidified potassium iodide solution in
a scaled tube from which the air has been expelled by
carbonic anhydride.’” The compound may also be
digested on the water-bath with concentrated potas-
sium iodide solution, glacial acctic acid, in fairly large
quantity, and dilute sulphuric acid.* When the re-
action is completed the liquid is titrated with N/10
sodium thiosulphate solution; no indicator is requtired.
Whenever hydrochloric acid or sulphuric acid has been
employed in the reduction, the iodide, which is pro-
duced, always retains some iodine in solution hence,
during the titration, it is necessary to warm and shake
the liquid until this has all been acted upont by the
thiosulphate. The oxygen percentage content of
the {odosy- and iodoxy-compounds is given by the
formula O = 0.8.c.100 = 0,08 , where s is the weight
1000 s s

of the compound taken and ¢ the number of cc of
N /10 sodium thiosulphate employed.

DETERMINATION OF THE PEROXIDE GROUP <<'}((A’>.
()

The oxygen of the acyl superoxides may be deter-
mined by means of stannous chloride in acid solution.

' V. Meyer and Wachter, B. 25, 2632. D. Askenasy and V.,
Meyer, /bid. 26, 1355, ¢f seq.

® Willgerodt, J4id. 25, 3495, ef seq.

#Pechmann and Vanina, Z#id. 27, 1512,
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A known quantity of the peroxide is heated during
about five minutes, in an atmospherc of carbonic an-
hydride, with a measurcd volume of a titrated, acidified
stannous chloride solution,  When the liquid is clear
the remaining stannous chloride is determined by
means of N /10 iodine solution,

THIE IODINE NUMBER.!

This valuc expresses the quantity of iodine absorbed
by onc hundred parts of the substance, usually a fat
or higher aliphatic acid. The acids of this series,
such as olcic acid, ricinoleic acid, linoleic acid and
linolenic acid, as wcll as their glycerides, absorb the
first two, two, the others four and six atoms of iodine,
bromine, or chilorine respectively, whilst the corre-
sponding saturated compounds, under similar circum-
stances, are not affected. The reaction is carried out
at the ordinary temperature, the substance being
mixcd with alcoholic iodine and mercuric chloride solu-
tiots.”  The organic products are chloro-iodine addi-
tive compounds, some of which have been isolated and
clharacterized.”  The method is extensively employed
inn the technical iuavestigation of fats, oils, waxes,
resing, ctharal oils, caoutchouce, cte., and is some-
times usefnl for scicntific purposcs, hence a brief de-
scription of thie method of analysis is given here,

! Benedike, ““Analyse d. Fette nnd Wachsarten,” II1. Edition,
p. 148, Allen, “*Commereial Organic Analysis,” vol. 11, 3d Edi-
tian.

? [1iibl, Dingl. 253, 281.

3 K. Henrignes and 11, Kiinne. B. 32, 389.
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Reagents.

(1) Zodine Solution. lodinc (25 grams)and mercuric
chloride (30 grams) arc cach scparately dissolved in
05 per cent alcohol (500 cc), free from fuscl oil. Tl
mercuric chloride solution is filtered if necessary, and
the liquids ntixed.  The mixing must precede tlie usc
of thic solution by 6-12 lours as, during this period,
the titre rapidly changes.

(2) Sodium Thiosulphate Solution. The crystallized
salt (24 grams) is dissolved in water and diluted to one
liter. It is standardized in tlie following manner:’
Potassium bichromate (3.8740 grans) is dissolved in
water, diluted to oue liter, and 20 cc of the liguid
transferred to a stoppered bottle containing 10 cc of
potassium iodide solution (10 per cent), and 5 cc
hydrochloric acid; the liberated iodine is then titrated
in the ordinary manncr by means of sodinmm thiosul-
phate, starch being uscd as indicator; 1 ccof thie above
bichromate solution liberates 0.01 grams of iodine.

(3) Chdoroform. Its purity is deterntined by a blank
experiment,

(4) Dotassiune Todide Solution. Tlhe salt is dissolved
in ten parts of water.

(5) Starck Solution. Thismust be clear and recently
prepared.

Method of clnalysis.

The substance (0.15-1.0 gram) is mixed with chloro-
form (about 10 cc) in a 500-800 cc flask provided with
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a well-fitting glass-stopper. When the compound has
dissolved the iodine solution (25 cc) is added by
mecans of a pipctte which must be manipulated so
that equal quantitics arc delivered in cach experi-
ment.  The flask is well shaken and more chloroform
added if needful; should the liquid become almost
colorless in a short time a sccond 25 c¢ of iodine solu-
tion is added, and this repeated, if necessary until,
after the expiration of two ltours, the liquid appcears
dark brown, The mixturc is 1tow allowed . to remain
during twelve hours at tlic ardinary temperature in
the darle; it is then thoroughly ixed with at lcast
20 cc of potassium iodidc solution and 300-500 cc
of watcer, and titrated with tlie sodium thiosulplate
solution, the liquid being constantly agitated; when
only a faint color is visible in both the aqueous aund
chloroform solutions, starclt is added and tlie titration
completed. The production of a red precipitate of
mercuric iodide, on the addition of water before the
titration, indicatcs that too little potassium iodine
has been employed, but this may be corrected by the
immediate addition of more. A blank experiment
nust always be made with 25 ce of the iodine solu-
tion under cxactly the same conditions as the test,
and its titration nwmst immediately precede or follow
that of the actual determination.

Uscful information is sontctimes given by the zere-
beutlene nuniber.

! J. Klimoat, Ch. Z1g. (1894), No. 85, 37.  Ch. K. (1894), 2, 2.



APPENDIX.



116

A

PPENDIX.

WEIGHT OF A CUBIC CENTIMETER OF HYDROGEN

PERA

TURE OF 10°-25°]

The 0bs<.rv<.d height of the barometer is reduced o 0° Ly
and 207-25° respectively.

Height of;
barom-
eter,

3
El

10° C.

mg mg

mg

we C. [ 17°C.

mg myg mg

700
702
704
700
708
710
712
714
710
718
720
724
726
728
730
732
734
736
738
740
742
744
746
748
750
752
754
756
758
760
762
704
760
768

770

o. 07816 0.07781
o. 07839 0.07804
o. o7b61|o .07826
0,07884,0.07848

0. 07907i0 07871
0.07929,0.07893

io‘o7952 0.07917
|0 .07975 0.67939
0.07997, 10,0790t

o. oSorglo .07984
0.08043 0.08007

o. oSo()slo o8o29
o. 081"3|o 08087 0.08052
o.oSr4()Io,oSI 10,0.08074
0.08169 0.08133'0.08097

o. oSIgrlo oSrs(;lo 08120
0.08215 0.081 79 0.08142
o. 08237:0 08"0110 .08164
0.0825¢,0.0822.4,0.08187
0.08282,0.08246 0.08209
0.08305:0. oS"()g 0.08233
o. oS3~8'|o 00”()1 ‘0.08255
0.08351,0. 08314 0.08277
o. oS373|o 08337 o. 08300
o. 0839() o. 08300|o .0832

0.08419,0.08352 0.08344
o. oS44rl0 0840.4'0.08368
‘0. 08464 0.08428 0.08390
||° oQ4S7 0.08450 0.08413
o. oSsIo 0.08472[0.08435
o. oSs33lo 08446[0.08458
0.08555.0.08518/0.084571
0.08578{0,085410.08503
0.08601]0.08563]0.08525
0.08624/0.05580/0.08549

0.()8()4()I().0%o$ 0.08571

0.07851
0.07874,
0.a78g6
0.07919
0.07942
0.07964
0.07987
0.08009
0.08032
0.08055
0.08078
0.08101;

o. 07746.0 07711
0. 0,769 0.07713
o. 07,grlo .07756
0.07513,0.07778
0.07836 0.07800
0.07858 0.07823
0.07881:0.07845
o. o7903|o.o7S6S
0.079240.07890
0.07948,0.07912
0.07971,0-07935
0.07993,0.07957
0.08016!0.07979
0.08038!0.08002
0.08001(0.08024

0.08083]0.08047
0.081006(0.08069
0.08120[0.08091
0.08151|0.08114
0.08173/0.08136
0.08196(0.08158
0.08218(0.08181
0.08240[0.08203
0.08203[0.08220
210.08285/0.08248
0.08308]0.08270
0.08331(0.08293
(0.08353(0.08315

0.07603
0.07025
0.07047
0.07070
0.07692
0.07714
0.07736
0.07759
0.07781
0.07803
0.0732¢5
0.07847
0.07%09
01391
0.C7913
0.07930
0.07958
0 05980
0.¢8002
0.08024
0.08047
0.08069
0.08091
0.08113
0.08135

0.07675
0.07697
0.07720
0.07742
0.07774
0.07787
0.07809
0.07832
0.07854
0.07870
0.07899
0.07921
0.07943
0.07605
0.07987
0.08010
0.08032
0.08055

0.07039
0.07001
0.07684
0.07700
0.07729
0.07750
0.07772
0.07795
0.07817
0.07840
0.0786:2
0.07884
0.07907
0.07929
0.07951
0.07973
0.07095
0.0801%
0.08077/0.08040
0.080¢9|0.08002

0.08122.0.08084
o. 0‘3144Io 08 10fy
0.0810606 0.0812¢9
3% OSIS()I() 08151

0.08211|0.08173

0.08234 0.08195(0.08 153
o. 08”50|0 08218 0.08180

0.08278,0.08240'0.08202

0.083760|0.08338
0.08398|0.08360
0.03420
0.08443
0.08405
0.08487

Io.oh‘slr
0,()853';

0.08405
0 08428
0.08450
0.08473

0. 08495l

0.08382|

o.083070. ()Sn(w'lo 0822

0.08323 6.08285 0.08240
o.08345‘0.083()7l().(182(19
0.08307,0.08329 0.08291
0.08389/0.08352 0.08313
0.08412|0. 08374 0.05335
0,08434:0. 083()() 0.08357

3% 084()(1lu 084IS|0 .08380

’A Bauviann, Z. any. (.1) 1501, 2o,
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TEM-

snlbtracting 1, 2, or 3 mm for che 1emperatures ra”-12°, 13°-19°,

18° (, w® C.

mg
0.07529
0.07552
G 07574
0.07505
0.07018
Q.07040
0.07002
0.07084
0.07700h
0.07728

0.07749
0.07772
0.07794
0.078106
0.07838
0.07800
0.07882
0.07904
0.07920
0.07948
0.07970
0.07992
0.08014
0.05030
0.08058
0.08080
0.08102
0.08) 24
0.081.40
0.08108

0.08190

0.07557
0.07588
0.07010
0.07033
0.07055
0.07077
0.07000
0.07722
0.07743
0.07705
0.07788
0.07809
0.07831
0.07854,
0.07876
0.07908
0.07920
0.07942
0.07904
0.07986
0.08009
0,08030
0.08053
0.08075
0.08007
008110
Q08T
0.08103
0.08185
0.08207
0.08229
0,0825)|0.08212
0.0%273]0.08234
().()8295|0.0525()
008318 0.08278

20° C.

ng
0.07493
0.07515
0.07537
0.07559
0.07551
0.07003
a.07025
0.0760.10
0.07008
0.07090
0.07712
0.07734
0,07750
0.07778
0.07300
0.07822
0.07844
0. 0750(d
0.07888
0.07910

0.07932
0.07954
0.07970
0.07998
008020
0.08042
0.080073
0.08085
0.08107
0.08129
0.08151
0.08173
0,08195
0.08207
0.08239
0.08520)

0.08341 :1).()3301

I SR EAPLY 6

ng ny

232 C. | 24° C.

mg ny

0.07455
0.07477
0.07400
0.07521
0.07543
0.07505
0.07587
0.07608
1.07030
v.07052
0.07074
0.070g0
0.07718
) 07740
0.07702
0.07784
v.07805
0.07827
0.07840
0.07871
0.07893
0.0791510.07875
0.07937/0.07897
9.07450]0.07919
0 079810.079.}0
0.08002 0.079H2
.05024 0.07954
0.080.40 0.08000
0,08008|0, 08028
0.050000.08050

0.08112/0.08071
0.08134{0.08003
0.08155l0 08115
c).oSt77|n 08137

0.081 99'(').0,“‘-1 58

07417
<07439
07401
07453
.O7508
07527
-07548
.07570
.07592
.07014
.07035
07057
.07679
. 07701

07744
.07766
.07780
.07810
07831

0.07853

O.

.07723

0.08221,0.0851 Sol

0.07380
0.07401
0.07422
0.074.44
0.07460
0,07.187
0.07509
007531
0.07553
0.07574
0.07590
0.07018
0.07640
0.070061
0.07683

0.07705
0.07727
0.07748
0.07770
0.07792
0.07813
0.07835
0.07857
0.07879
0.07900
0.07922
0.07944
0.07966
0.07987
0.08009
0.08031
0.08052
0.08074
0.0809610.08055
0.08118!0.05076

().0813()l‘).080()3

(1.07340
0.07302
0.07353
0.07405
0.07427
0.07449
0.07470
0.07492
0.07513
0.07535
0.07550
07577
.07609
.07021
.07043
.070065
.07687
.07708
.07730
.07752
07774
-07795
.07817
.07838
0.07860
07881
07903
07925
07947
07968
0.07990
0.08012
0.08033

o}
(o]
O
(6]
(o]
(o]
O.
(8]

O
(6]
O
0.
O

0.
0.
0.
(e
o,

25° C.

1.07300
0.07322
0.07344
0.07300
0.07387
0.0740¢
0.07431
0.07452
0.07473
0.07495
0.07510
0.07538
0.07560
0.07582
0.07604
0.07624
0.07646

0.07668

0.07689
0.07711

0.07732
0.07754
0.07770
0.07797
0.07819
0.07840
0.07862
0.07883
0.07905
0.07927
0.07949
0.07970
0.07992
0.08013
0.08034
0.08050

~. Height of=
barom- ,
eter.,

2
5

mg

3|
2
°

702
704
706
708
710
712
714
716
718
720
722
724
726
728
730
732
734
736
738
740
742
744
746
748
750
752
754
7560
758
760
762
704
766
768

770
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TENSION OF AQUEOUS VAI'OR.

1 Obach—0Os1wald, Z, IL. a6,

° C, nm o C, mm

10.0 9.165 18.0 15.357

1o.s 9-474 18.5 15.545

1.0 9.792 19.0 1Q. 340

11.5 ro.120 19.5 16. 561

12.0 10.457 20.0 17.391

12.5 10.804 20.5 17.9035

13.0 11.162 2r.0 18. 495

13.5 11.530 21.5 19.009

14.0 11.908 22.0 19.059

14.5 12.298 22.5 20, 208

15.0 12.609 23.0 20.888

15.5 I3.112 23.5 21.528

16.0 13.5360 24.0 22,184

16.5 13.972 24.5 22,3958

17.0 14.421 25.0 23.550

17.5 14.882
TABLE FOR TIE VALUE OF «-- % ooy =1 —u= 999.!

1000 —
[} 1 I 2 3 4 5 6 7 3 )

00 | 0.0000 | 010 | 020 | 030 | 040 [ ©50 | 0o | 071 | 081 | Ogr
o1 tor | rry | 122 | 132 | ag2 [ 152 { 163 | 173 | 183 | 194
oz 204 | 215 1 225 [ 235 | 246 | 250 | 207 | 278 | 285 | 299
03 309 | 320 | 331 | 341 | 332 | 363 | 373 | 384 | 305 | .0
o4 417 | 428 1 438 | 4419 | 4o | 47T | g82 ] 493 | 504 | 515
05 526 | 537 | 549 [ 560 | 571 | 582 | 593 | 6o | 616 | Ga7
06 638 | G50 | 60 | 072 | 684 | 695 | 707 | 718 | 730 | 741
o7 753 | 704 I 770 | 788 | 799 1 811 | 823 | 834 | 8460 | 8958
08 | 0.0870 | 881 | 893 ] 905 | 17 | 92y | 94l | 0853 | QO5 | 977
09 989 |*oor ("'013 *o025 [*038 [*oso [Fobz (*o74 [¥087 [*o9y
1o | 0.1111 | 124 ‘136 148 [ 151 | 173 | 186 | 198 | 211 | 223
11 230 | 249 | 261 | 274 | 287 | 299 | 312 | 325 | 335 | 351
12 304 | 377 | 390 | 403 | 416 | 429 | 2 | 455 | 405 | 151
13 494 | 508 [ 528 | 534 | 547 | 504 | 574 | 558 [ 6o | OI4
14 628 | 641 | 655 | 669 | 682 | 696 | 7h0 | 723 | 737 | 751
15 765 | 779 | 703 | 806 | 820 | 834 | S48 | 802 1 §77 | S9r
16 905 [ 919 | 933 | 947 | 962 | 070 | ggo *oos [*org [*o3,]
17 1 0.2048 | 083 | €77 | 092 | To7 | 121 [ 130 | 15> [ 16D | 150
18 195 | 210 | 22 240 | 255 | 270 | 255 | 300 | 315 | 337
19 340 | 301 | 370 | 392 | 4a7 | 422 | 4358 | 433 | 4t | 484



APPENDIX, 119
TABLE FOR THE VALUE OF ——. (Contirned.)
1000 — a
o 1 2 3 4 5 6 7 8 9

20 | 0.2500 | 516 | 531 | 547 | 563 | 579 | 595 | 610 { 626 | G42
21 658 | 0741 6go | 707 | 723 | 739 | 755 | 771 | 788 | 8oy
22 S2r | 837 | 854 (870 | 887 1 903 | 920 | 937 | 953 | 970
2: 087 [¥oog [¥o2r %038 |*oss ¥oy2 |[¥o8¢g |*106 |*¥123 |¥141
2 0.3158 | 175 | 193 | 210 | 228 | 245 § 203 | 250 | 298 | 310
25 333 | 351 | 309 | 387 | 405 | 423 | 441 | 459 | 477 | 495
26 514 | 532 | 550 | 509 | 587 | Gos | 024 | 643 | 661 | 650
27 699 1 717 1 736 | 755 | 774 { 703 | S12 | 831 | 850 | §70
28 889 [ 908 | 928 | 947 | 967 | 980 [¥006 o255 [*oy5 [*00s
20 [ 0..J085 | Tog | 24 | 144 | 104 | 184 | 205 | 225 | 245 | 205
30 286 | 300 | 327 | 347 | 305 | 389 | 409 | 430 | 451 | 472
31 403 | 514 | 535 | 550 | 577 | 599 | 620 | G641 | 603 | 084
2 706 | 728 | 749 | 771 | 703 | 815 | 837 | 859 | 881 | go3
33 925 | 948 { 970 | 993 [*ols |*038 ¥obo |*0B3 [*106 |¥129
34 | o.5152 | 175 [ 198 | 221 | 244 | 207 | 291 | 334 | 337 | 361
35 385 | 408 | 432 | 450 | 480 | so4 | 528 | 552 | 576 | 601
30 625 | 650 [ 674 | Ggg | 721 | 748 | 773 | 798 | 813 | 848
37 . 873 | 898 | 924 | 949 | 974 |*oo0 [¥026 [*os1 |*077 [*103
38 | 0.612¢9 | 155 | 181 | 208 | 234 | 260 | 287 | 313 | 340 | 367
39 393 | 420 | 447 | 475 | 502 | 529 | 556 | 584 | 611 | 639
40 667 ) 695 | 722 | 750 | 779 | 807 | B35 | 803 | 8y2 | g21
41 949 | 978 [*007 [*036 [*065 |¥ogq [*123 |*153 |*182 (*212
42 | o.7241 | 271 | 301 | 331 | 301 | 391 | 422 | 452 | 483 | 513
43 S44 | 575 | 696 | 637 | 668 | 699 | 731 | 762 (*794 | 82
44 857 1 889 | 921 | 953 | 986 [*018 [*o51 |*¥083 | 116 |*149
45 | 0.8182 | 215 | 248 { 282 | 315 | 349 | 382 | 416 | 450 | 484
40 519 | 553 | 587 | 622 | 657 2| 727 | 762 | 797 | 832
@7 808 | 9o4 | 939 | 975 {*o11 *o48 {*¥084 (*121 |*157 |*194
481 0.92371 | 268 | 305 | 342 | 380 | 418 | 455 | 493 | 531 | 570
19 608 | 046 | 685 | 724 | 763 | Soz | 841 | 881 | 920 | 960
50 | I.000 nog [ 0OS | or2'| o10 | 020 | 024 | 028 | 033 | 037
51 O41 045 | 09 | 053 | 058 | 062 | 066 | 070 | 075 | 079
52 083 088 | 092 | 090 | 101 | lo§ | 1lo | 114 | 119 | 123
53 128 132 | 137 | 141 | 146 | 151 | 155 | 160 | 165 | 169
(%1 174 179 | 183 ) 188 | 193 | 198 | 203 | 208 | 212 | 217
55 222 227 1 232 | 237 | 242 | 297 | 252 | 257 | 262 | 208
56 273 | 278 | 283 | 288 . 294 | 299 | 304 |} 309 | 315 | 320
57 326 | 331 | 330 | 342 | 347 | 353 | 358 | 364 | 370 | 375
58 381 | 387 | 392 | 398 ‘ 404 | 430 | 415 | 421 | 427 | 433
59 1 439 14451 451 | 457 " 463 { 4069 | 475 | 484 | 488 | 494
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TABLE FOR THE VALUE ‘OF 1000“ (Continued.)
I -
o 1 2 3 N 4 5 6 7 8 \ g
Go | 1.500 | 506 | 513'| 52917525 | 532 | 538 | 545 | 551 | 556
.61, 564 | 571 |:597-| 554 | 591 | 597 | Gog4 | 611 | 618 | 625
62y, 032 |-039 | 646 | 653 | 660 | (67 | 674 | 681 | 685 | Gos
63 563='710 | 707 1 725 | 732 | 740 | 747 | 755 | 702 | 770
64 778 780 | 703 | Bor | Sog | §17 | 825 | 833 | 541 | 849
65 857 | 865 | S74 1 882 | 8go | | 809 | 607 | 915 | 924 | 933
66 o941 950 | 959 | 907 | 936 | 985 | gog |¥ouz [Folz |fo21
67 030 040 1 049 | 058 | 007 | 077 | 086 | 0y6H | 106 | 115
68 125 135 | 145 | 155 | 165 { 175 | 185 | 195 | 205 | 215
69 226 236 | 247 | 257 | 2068 | 279 | 28¢ { 300 | 311 | 322
70 333 | 344 | 350 | 307 | 378 | 390 | 401 | 413 | 425 | 430
71 448 | 490 { 472 | 484 | 497 | 509 | 521 | 534 | 546 | 559
72 571 584 | 597 | 610 | 623 | 636 | G50 | 663 | 676 ng
73 704 | 717 | 731 | 745 | 759 | 774 | 788 | Boz | 817 | 831
74 846 861 | 876 | 891 | 9ub 22 1 937 | 053 | 968 | 984
75 | 3.000 | 016 | 032 | 049 | 065 | 082 | 098 | 115 | 132 | I49
76 167 184 | 202 | 219 | 237 | 255 | 274 { 292 | 310 | 329
77 348 | 367 | 386 | 405 | 425 | 444 | 404 | 484 | 505 | 525
78 545 | 566 | 587 | 608 | 630 | 651 | 673 j 695 | 717 | 739
79 7602 785 808 | 831 | 854 | 878 | o2 | 926 | 950 | 975
80 | 4.000 | 025 | 051} 076 | 102 | 128 | 155 | 181 | 208 | 236
81 263 | 201 | 319 | 348 | 376 | 405 | 435 | 405 | 495 | 525
82 556 | 587 | 618 | 630 | 682 | 714 | 747 ; 780 | 814 | 848
83 882 | 917 | 952 | 988 [*024 [*001 |*0g8 [*135 [¥173 *211
84 | s5-250 | 289 | 329 | 369 | 4fo i 452 | 494 | 536 | 579 | 623
8s 667 | 711 | 757 | 803 | 849 | 897 | 944 | 993 [Fo42 [*ogz
86 | 6.143 | 194 | 246 | 299 | 353 | 407 | 463 | 519 | 576 | 654
87 692 | 752 | 813 | 874 | 937 [¥oco |¥o6s5 |*130 |*197 :264
88 | 7.333 | 403 | 475 | 547 | 621 | 696 | 772 | 850 | 929 7009
89 | 8.091 | 174 | 259 | 346 | 434 | 524 | 615 [ 769 | Bo4 | go1
9o 9.000 204 | 309 | 417 ! 526 | 638 | 753 | 870 [ 989
9r | 10.11 10.36(10. 4() 10.6310.77/10.90|11.05,11.2011.35
92 | 11.50 11.82;1 L2 16i12. 33:12.5112.70|12.89 13 08
93 | I3.2 V‘?J I4<38 114.03,14. 27 Ig,m Igg?
15.6% o 17652 X 7r.23r.
94 5.07 ’-\\g 7 ._55 7 2
95 | 19.00 %lzo 28 20. 7421 22'21 734 \_ﬁ(; 22.8123.39
96 | 24.00 5.32,2 6.03; '26. 78 27.57 28. 41 % 30.2531.26
97 | 32.33 34 71 ?i:ﬂg 5&0 6714 4445 40.62
98 | 49.00 } %7 [70-4 6dof 823" 89-9
. 142 166 | 199 249 499 | 999
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