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The acid Juice of apples and various other fruits was em—,f'

ﬁi‘,Ployed for preparing different medicines before any Bttempt Wasffe"'i’
i“made to isolate the acid itself. ~Free. benzoic acid however,r,
o obtained. by lubliming benzoin, was discovered and minutely dis—l
ﬁcussed by the French physician, Blaise de v1genial (1522~ 95) b
’?fftQWard the end of the sixteenth century. Benzoic acid s dis-
':‘ekcovered in gum benzoin in 1608 and prepared from urine by
'te Sholle in~1785-: Ite composition was established by Liebig and
"“fr‘WOhler 8 claesical research in 1832. 1In 1832 Wohler diecovered ;"

iy thefrelatiOnship betweensbenzoic aeid«and hippuric acid~'and~w

Nkih:l&sz Liebig and Wohler determined the true compoeition of - ben—~ff‘”
:zoic aeid and established its relation to the other benzoyl
: compounds. ~ |
' ’ _Sources;‘*o
o ‘Benzoic acid or the~Flouers of Benzoin, has been’knoun -
'n\ﬁosince the beginning of the eeventeenth century, and occurs nat-,_
'urally in many balsamifereus plants kand especially in benzoin

: gum from which it may be readily prepared by seversl processee.,

Benzoic acid is the simplest representative of the are-o

'~lrmatic acidl. Commeroially it can be manufactured by the oxida-\,i

"lﬂ.f‘tion of toluene benzyl alcogol benzeldei?ﬁe and cinnamic acid-,‘*fw
by the oxidation of benzene with mangeness dioxide and - concen-,i'i

. s_,atrated sulphuric acid in the cold £ bY hydrolysiﬂ ‘f benzoni-ew G
fk&dltrﬁle, or of hiPParic acid- by the action of carbon dioxide ono?iﬂfr

;nithegprssence of aluminum ehloride-; by the action‘ﬁofi; o




:carbon dioxide on monobrombenzene in the presence of sodium;
fby condenSing benzene and carbonyl chlorides in the presdnce of
aluminum chlorides the benzoyl chloride formed being subse~
quently hydrolysed and similarly from benzene and chlorofor—
mamide ;- CgHgplus ClCONHp= HC1 plus 06H5CoRH2 the benagmiée
being then’hydrolysed.. It may be prepared by boiling benzyl
chloride with herbeveral dilute nitric acid, and from the hip-
‘puric acid which is formed in urine of the herbpvorae. For
this purpose the urine is concentrated and the hippuric acid
precipitated by the addition of hydrochloric acid. It is then
filtered and boiled for some time with concentrated hydrochloric
acid when it is hydrolysed into benzoic and amido—acetic acid.
It is made commercially by boiling benzotrichloride with milk
of lime the calcium benzoate so obtained being then decomposed
‘by hodrochloric acid.‘ 206H5 c Clzplus 43&(OH)2 = (0 H ceo)
fsca plus 3 Ga 61& 013 plus 4H20.

| Properties.

Benzoic acid is an organic acid belonging in the aromat-
ic series and having the formula 06H5Goo H.‘ It dissolves in
khot water but crystallizes out upon cooling’into needles or
pearly prisms. It is ﬁoluble in ether alcohol and benzene.”
It melts at 121°c and boils at 249°c and may be sublimed at
fintermediate temperatures. Benzoic acid appears in pearly,
flust{ﬁous and flexible plates or needles, or in flocculent :

masses of platelike or needle form structure of hexagonal out-
line. Er_om dilute alcohol six-sided prisms are ;formed-f’lhee
“pure_acid is colorless or,white)“that‘sublimedufromebenzoin

. s frequently‘yeIIOwishjto yellowish brown. The pure acid is
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permanent in the air. Its speeific gravity is l 292 at me &n
temperatmre compared W1th water at 4°C. At lOO° c, either ﬁ

dry or with steam, it vaporizes perceptibly, and its vapor ir-

ritates the throat and excites coughing. By direct heat alone"
as in a test tube moved over a flame it vaporizes Without res—
idue the sublimate if slowly deposited crystallizing into o
~needles.: The vapor reddens litmus paper. From benzoates ;
heated with phosphoric acid or bisulphate the same vapors h
and sublimates may be obtained. _Benzoic acid is carrled over
to some extent with vapor or alcohol benzene and other sol-,

vents of low melting points.;

5 Benzoic acid has a sharp acid taste, and.whsn pure is’;
without color.‘ The pharmacop&gg;il acid from benzoin has an
agreeable aromatic odor slight in the acid by precipitation,“_
strong;in thefacidﬁby,sublimation sometimes resembling vanilla;
That from_alcohol;often‘has an almond odor, that‘from hippurie :
acid a urinods odor} , : . ;l;

i Benzoic acid dissolves in water as follows At l5° ¢ inl_
408 parts at 20° ¢ in 345 parts; in 17 parts of boiling watervx
in 500 parts of water at ordinary temperature~ in,2§ to 3 part&
of alcohol of 920 per cent in 2.2 parts of absolute alcohol;p
in one part of boiling alcoholgdpin two to three parts of ether:
7 to 8 parts of chloroform- ‘8 parts offbehzene- freely in pe- .
treleum benzine in amyl alcohol and dissolves in volatile 0118‘

)?‘N' G

hg in fixed oils.k

Benzoic acid has 8 decided acid reaction to test paper

and causes effervescense in aqueous solutions of carbonates.
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Carbon dioxide decomposes alkali benzoate in alcoholic solutions,
causingia‘precipitate of alkali carbonates. The metallic ben-
zoates are normal salts of a good degree of solubility. Ferric
benzoate becomes in part basic in water, and mercurious benzoate
in hot water forms mercury snd mercury benzoate. Both the natur-
al‘baaigilead‘salts are &%%em&naa; The normal benzoates are
‘ éither‘freely"or mdderatély soluble in water:; those of lead,sil-
‘vér*and}marcury‘beihg~3par1ngly soluble in hot water, but precip-
itated by adding solutions of alkali bensoates to the metallie
salt solution in the cold. Alcohol dissolves most benzoates of
mercury. Benzoate of sodium erystallizes in offloresocent needles
from & drop of alcoholic solutions in microscopic star-form groups.
The salt dissolves, with a'neuﬁral reaction, in about two parts
of cold water, and in 13 parts of 90% alcohol, not in ether or
chloroform. Ammonium benzoate crystallizes anhydrous 'from solu-
tions it loses ammonia and forms free acid when'exposea‘td‘the air.
Calecium benzoate crystallizes in feathery needles with four mole-
cules of water, LEfflorescent and soluble in twenty parts of cold
water. Benzoates of ethyl and methyl are COIOrless,‘oily liquids,
sinking in water, of pleasant and balsamif odars, boiling respec-
tively at 199° C and 2120 C, nod more than slightly soluble in’
water, but freely soluble in alcohol.

- Separation.

(1) Water cannot be evaporated from free benzoie acid with-
out serious waste, and the acid suffers a slight 1loss in evapora-
kfibh‘éfjité sblutibﬁs in alcohol, benzol, ether, chloroform and
‘ thé‘drgaﬁie so1#énts."Forkthekconcentration of the aqueous so-

‘1ati6n it is tb‘bé héﬁfré1ized by‘édding just enough sodium car-
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;bonate. (2) Small quantities of benzoic acid may be distilled
‘over with water and for this purpose benzoates may be decom-
k'posed by adding enough sulphuric acid. (5) Free benzoiec acid
nay be obtained from any aqueous liquid by shaking w1th chloro-
form benzol ether, or carbon disulphide. mhe separation is by 7
'qpno means completed by one application of the solvent and the
“more concentrated the aqueous solution the better. The chloro-
:form or ether ‘is caused to evaporate from the benzoic acid

spontaneously or by a current of air from a blower.k Ether does
not leave a dry residue as chloroform does. (4} Precipitation
‘in a concentrated aqueous solution by hydrochloric acid col-
lecting the precipitate after standing and at the lowest practi-
cable temperature,‘is a convenient method of separation. The
'filtrate may be shaken With chloroform to recover the acid re-
malning in solution. Materials such as benzoin rosin may be -

' digested with some excess of lime or alkali and the filtrate'

of aqueous benzoase precipitated wrth acid, as in the manufac- =
turing of natural benzoic acid in the wet way. (5) ihe finely
diVided material may be heated dry, for sublimation. In pre-‘

o paring the sublimated medical acid the vapors are made to

rise from a Wide dish through a porous paper diaphram and are
~:collected upon the inner surface of a cone of Sized paper the
edges being fitted or pasted close. N
“ e Identification. | , |
k BenZOic acid may be identified by’its behavior (l) in
t~sublimation (2), towards solvents and precipitates' (3), in
‘ ‘reductance to bitter almond 0il and in its reaction with ferric

| bffsalts' (4) from cinnamic acid it is distinguished by the latter




_a~ﬁot-being~oxidiZed to bitter almond oil; (5), from salieylie
| acid by the color of the ferric salt. | '
Test.,

- Aqueous solutiOns ofibenZQates,~by addition of chlorie
acid or sulphuric acid, give a volumindus, crystalline, white
precipitate of benzoic acid subject to the solubilities as |
stated'above."Ferric chloride solution, in neutral benzoate
solutién,~give8‘a flesh colored precipitate of basie ferric
benzoate, formed more quickly if the reagent is slightly basic.
The precipitate is not easily dissolved by acetic acid. Free
Benzoic acid in excess of saturated solutiom is SGarCé&y:preeip-,
itated by the normal iron salts. If the solution be strongly
alkaline in reaction, a misleading brown precipitate of ferric
hydrate'may oceur. Silver nitrate in neutral solutions 6f ben-
zoates forms a white precipitate of silver benzoate, soluble in
hot water, then érystallizing on cotling, somewhat more soluble
in slcohol, dissolved by acetic acid., Aceféteuofilead in neutrd
solutions of a benzoate, not toodilute, gives g white precipitaté
of lead benzoate, soluasble in hot water, dissolved by ammonium
acetate. Metallic magnesium,‘or aluminum, or sodium amalgam, in
solutions of benzoiec acid or;benzoatés; aCidﬁiated'with Only:
enough'éulphurié'acid'to cause a moderate evolution of hydrogen,
or étanding for an hour or so, effeéﬁs the reduction of benzoic
aldehyde (0635603) bitter almond oil recognixed by its odor.‘

. Quantitatlve Test.
. Free benzoie acid: in absence of either acids;‘whether“taken

in distillates, or residues of separate solutions, or in original




material, can be quite closely'estomated volumetrically with a
standardksolution.of alkali using litmus‘an an‘indicator.k The
weighed material for estination’is treated‘directly with an ex-
cess of wne volumetric alkali measured from a burette , stirred‘~
te bring ail the benzeic acid into solution as oenzoate when
:the liquid is titrated with the proper volumetric acid. Each
C. C. of n0rmal solution of alkali (after deducing one C. C. of
normal solution of acid) is equal to 0.122 grams of benzoic
1acid. Taking 1. 22 grams of ‘the material each C. C. of decinor-
fmal solution of alkali (after deducting for the acid used in
‘tetrating back) is equal to one per cent of benzoic acid.
Benzoic acid may be weighed directly as 05H5CooE. For‘f
this purpose the best form is that of good crystals either from
ka solution or by slow sublimation. The residue obtained by .
nspontaneous evaporation of chloroform, ether, alcohol, carboh-
‘disulphide or other oiganie‘solVents‘of free benzoic acid. Al-
S0 a clean precipitate may be Weighed. The acid is to be dried
over sulphuric acid any escess of liquid adhering m0isture be-
’ing first taken up with filter paper. . | i
. Qualitative Test. ,

‘ Strong eolutions of soluble benzoates are precipitated on
fadﬂition of hydrochloric acid oWing to the slight solubility |
of benzoic acid in water. - ‘

: Sodium amalgam metallic magnesium or aluminum gradually
reduces a slightly acidified solution of benzoates with the pro-
duection of the characteristic odor of benzaldehyde. Neutral
ferric chleride precipitates neutral benzoates almost completelyf

_ as a 1ight red milky, basic benzoate insoluble in acetic acid.



Put .1 of a gram in & dry test tube and add 20 grams

Pz 615 and warm, stirring W1th glass rod until a clear solution
;is formed, cool and add drop by dr0p 1 CiC. of water to destroy
excess of Cl. Then add .5 C.C. of aniline. Dissolve the reac-
tion product in 25 C. C. of boiling dilute alcohol. Cool under

running water and a white precipitate forms.

Volumetric Method.—- The Benzoic acid liberated if nec-
essary by acidification is dissolved by repeated agitation with‘
ether chloroform or benzene. After washing the etherial solu-‘
tion with water the benzoic acid may be estimated by adding al-
cohol and titrating with standard sodium hydroxide solution and ‘

| phenolphthalein.i It is most completely extracted with benzene,
one or two drops of phenolphthalein solution added to an aliquot
part of the benzene extract and the liquid titrated with n/lO
normal potassium hydroxides solution (1 C C. corresponds to

O 0122 grams benzoic acid) H

| ;h Heutral benzoates are precipitated by cuprie acetate or
sulphate in the presence of alcohol.‘ After extracting the benzoic,
acid from the acid of the acidlfied solution with ether,k sod ium
‘hyﬁIOdee may be added to the etherial layer with constant agita-‘h
tion untul the 1iquid is exactly neutral to phenolphthalein. The
. The etherial 1ayer WhiCh.Wlll retain any benzaldehide or essamial
oil is separated and the aqueous 1iquid evaporated to dryness the

- residue dried at 100° C and ‘the benzoate weighed.
‘ ‘; . »‘ ;w‘,“ s‘; Impurities. | . ; -
Ghemically pure benzoic acid is precisely the same in all

“f 1properties whether manufactured from the balsam benzoin or from




:urine toluene, or from,naphthalenek but a chemically pure acid :
has not been manufactured on e commercial scale from any source.

Commereial benzoic acid is liable to contain various im-»f*f*

’“'?*jpurities some of which are due to its mode of preparation while

'7{;fothers are added as adulterations., Asbestos, boric acid,vcalcium i‘

E:voarbonete and sulphate sal-ammoniaeﬁ*End sugar are among those

added.s

Pure benzoio acid does not melt in boiling water but

~:.rfSOme i@purities impart this pr0perty to it besides giving a great—
“'e":er solubility,'and causing it to form similar crystals different : |
ﬁfgfrom that usually assumed by the pure acid. On treating a sample ¢

of benzoic acid with ether nearly all impurities and adulterates:?fﬁf
are left undissolved except cinnamic aeid and chlerebenzoic acid

“_kand sesential oils.

Inorganmc impurities in benZOic acid can be detected and

‘jr;estimated by subliming the sample pure benzoic being reedily end gr[f

.ffientirely volatile.' If the residue chars on further heating, sugarffi*

‘:"hippuric acid may be present. Lhe sugar gives an. odor resemb-p[dft

77tling that of burnt bread and the hippuric acid gives odors of
“"‘rpjburnt feethers.: Hippuric acid when present may be further detected
R'gby the incomplete solubility in ether - by the charring when heeted
},with strong sulphurie acid and by the evolution of emmonia which

xf'poccurs when the sample is burned With soda~ lime.

, Salicylic acid may be detected by the production of a vie;"

ﬂﬂgﬁlet~coloration with excess of ferrie chloride. It msy also be de-r -
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Cinnamicsacid~is sgaid to be often present in large quanti-
ties in benzoic acid made from benzoin. It can be detected by its
reasction with magnesium salts. ‘A neutral solution of cinnamate~ k
gives a precipitate with manganous salts; at first white, but
later becoming yellow and crystalline.:

 Ammonium chloride is detected by shaking the sample with

cold water,,whenca solution is obtained which, with silver nitrate

glves a white‘precipitate insoluble in nitric acid. ‘
k ; Essential oil, which is very commOnly present‘in benzoic
acid made from gum benzoin, causes the sample to turn brown when
warmed with strong sulphuric acid. ;Resinous and oily matters Will
kremainidndesolved, together with any mineral matters, on treating
the sample with sufficient warm dilute sodium hydroxide solution
to neutralize the acid. k k
' . Uses. : :
The chief uses of benzoic acid are in medicine and for the

;production of dyes. Lt is also used for the manufacture of food
flavors and as an antiseptie. During the war it was dsed to make

\lachrymatery gass. ‘

~ In medicine benzoic acid and its ‘salts, the benzoates (sodium
pammonium lithium) are w1dely employed for diseases of the bladder.
‘BenZOlC acid has marked bacteraidae properties and may be used for
sterilizing purposes. Taken 1nto the intestines it prevents ex=
‘CBSSlVG bacterial decomposition absorbed 1nto the blood it is part-
":ly broken up, and in the kidneys is eliminated in part as hippuric
‘acid rendering the urine acid. It is also useful in alkaline fer—

:mentation of the nrine particularly in cystitis pyelitis, etc.‘

}Benzoic acid is partly eliminated by the lungs here acting to in-

- Brease the amoant of mucus it is therefore used to loosen the‘i‘




'”:jmucus in tight coughs. , , |

| ; : ; ‘ Manufac‘ture.c Hoal L : -~

te Benzoic acid ie manufactured (l); from benzoin either as

k;d;flowers of benzoin by direct sublimation, or in the wet way as:""t‘
‘cryetalline benzoic acid by dissolving with 1ime precipitating_‘k

:h”ti;from the caICium benzoate solution by addiﬁg hydrochloric acid .

hiiand crystallizing from hot water to remove resin. (2)_ From hip-\*i i

puric acid of graminivorous animals chiefly horses and cows, byﬂ
"hﬁ'iconcentrating the urine with hydrochloric acrd to obtain crys-

. tallized hippuric scid, and boiling the latter with crude. hydro-

chloric a01d when benzoic acid and the by- product glycocall arefi‘
':}?regularly formed. ‘

- CH,NH( CoCy ﬁg 002H plus. HgO = H5CooH plus CHENHEGOGH Gl
S (5) Frcm the coal tar products naphghalene (QIOHB which by

‘treatment of nitric acid is convertnd into phthalic acid
~jeﬁﬂ4(CooH)2, when the latter is heated ‘to around 3500 c wrth itsi

‘,,Qoequivalent of calcium hydrate, in absemce of air, forms the ‘lime sai
'igﬁ”salt of benzoic acid-ﬁ 26634(Coé 2Ca plus Ga(OH)z— 06H5¢002)2 Ca. ph.si
”BCaGeg, and (4) from toluene of the coal tar distillatee CeH5GH3

"\Lifknown as the toluol by formations of trichloro-toluene (06H50 Gls)

"*?kand by convar510n of the 1atter to benzoic acid.,k

From gum benzoin the Simplest method of manufacture is as :

,f:paper-7 Over this is tied a covering of thick paper somewhat like a
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line Sublimate of benZoic acid, Which is nearly pure being mix-
ed with traces of volatile oil which gives it a pleasant smell k
like vanilla. R A | | |

Most benzene derivatives hydrocarbons, alcohols,acids,
.etc., which result from the subetitution of a side-chain for
~one H atom in the benzene nucleue, yield benzoic acid on ox-
1dat10n, : k o | ‘ - T

But the chief source of modern benzoic acid is tolueng,
0635033' This is directly converted into benzoic acid by oxi-
kdation With hitric acid.. |
|  CgHeCE plus 2E m05~— CgHgCo0H plus‘zngo plus‘zmo.‘rhie
emethod gives a poor yield and therefore it is- cheaper to con-
vert the toluene into benzo- trichloride by pa331ng chlorine into
it at 180° c, and to heat the product with lime Gﬁﬂﬁnﬂs plus
5612 = CgHgClgplus  BHCL. T e

o 206H5915p1us 40a(03)2 z soacl plus (ceﬂ5cog)goa plus 4H 0.

The calcium benzoate 1s decomposed by hydrochloric acid when
benzoic acid separates. | | k

Much benzoic acid is obtained as-a by-produet in making
benzaldeﬁyde from toluene for much of the benzaldehyde 1s con-

verted into benzyl alcohol and calcium benzoate by the excess of

lime used

‘“ﬁa&oegdehydeé is now‘madelartifiCiallygfrom toluene. When
chlorine is passed inte boiling toluene benZal chloride

F‘feaaaea Glzis produeedeis produced. By heating”thie w1th 1ime un-
‘der pressure it is converted into benzoic aldehyde. The oxida-‘

‘ tion of benzeic aldenhyde gives benzolc acid. ”
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' The methyl group of toluege‘or toluene sulphuric acid
is oxidized to the carboxyl group by treatment with ozone,200
grams ‘eft‘olue‘nte is mized with 50 grams of sulphuric acid and
ozonised. Oxygen, sufficient to provide‘l gram of ozone per
hour, s passed into the mixture heated to just balow the boil-
ing<point of toluene for 5 hours.
- Personal Experimental Part.
1 toOk‘lOO grams of toluene‘and one gram of phosphorous
trichlori&e“and put‘into”a‘retort. k |
The apparatus consisted of vessels evolving and drying
chlorine. The ohilorite suters through one inlet tube, fixed
through the tubulus of the retort, the neck being fixed to a
reflux condenser. The dry chlorine is conducted in to the tol-
urena, whieh is kept boiling gently until it has gained about
two-fifths of its weight (the liquid turns yellow, and hydroch-

loric acid fumes are evolved_at the upper end of the condenser).
~When the reaction is complete the eontents'of the:retort are
distilled. At first the unchanged toluene distills over; the
fraction boiling at 165° C te 1859 C contains nearly the whole
of the benzyl chloride, and forms the greater part of the pro~
‘duct.’
The portion containing the benzyl chloride is repeated-

ly fragtionated until a 1iquid is obtained boiling at 1769 C
to 180° C which is nearly pure benzyl,chloride.

06H50H5 plus Cl, - Qﬁﬂscﬂzcl plus HCl.
I mixed 5 grams of this benzyl chloride with 4 ‘grams of

anhydrous sodiam carbonate ( in 50 c.C. of HgG) in a round flask

attached to a refﬁex condenser and boiled gently over wire gauzgze
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 while a solution”of?KMR04 (eo'gfams to 150 C. C. of Hy0) is
- gradually dropped in from a top funnel pushed through the top
of the condenser.' In the course of two to three nours the
innk coloration of the o, will have vanished and will have
been replaced by a mass of dark brown precipitate of MNOg.i'
When the liquid is cold 8 stream of sulphur dioxide is passed
| in until the MNOg is dissolved.p The liquid is allowed to cool
and the benzoic acid which separates is filtered ‘at the pump,

iwashed with 8 little cold water and re- crystallized from hot

water.
| ik The reaction probably occurs in two steps:

1. 2CgH5CHC1 plus NAgCsplus HgO = 265H50120H plus
: 2NAC1 plus Cog

2. B3CeH5CH20H plus 4KMNO4= 3CgH5CooH plus 4MNOgplus KOH.
1 weighed and calculated the amouht of benzoiec acid and
found the amount to be 46 grams.
 Experiment II.
The apparatus used in this experiment consisted of an oxy-

:geﬁﬂgeﬁerator a nitrogen, peroxide generator, a toluens evep-

orator, two drying vessels ‘an electric furnace and a collecting
‘vessel. , | -

Oxygen was runfthrough‘a tube containing calcium chloride
(the calcium chloride was used to dry the oxygen gas) into two
°suooosg1vo‘tubos“containing hot toluene (almoSt’boiling) and on
through an outlet tube which passed through an electric furnace.
- RG and NGg gas were produced from a nitrogen parox1de

“generator and passed through a vessel containing water. The

: ‘H Oggas was absorbed by the water and the nitric oxide passed

'on through a vessel containlng H2804(used as a drying agent)
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into the same tube containing the oxydgen and toluene vapor. A4S
the nitric oxide came in contact with the oxygen, N Op gas was
karmed.f«The mixture of‘N‘Oz gas, the tolurene vapor, and’the
oxygen was passed on through the electric furnace heated to 4750
C, and the product collected in a vessel containing sir, which
~1n turn was connected to a vessel sontaining water.

The product was distilled by fractional distillation.

In this distillation at 85° to 870 ¢ I got a prodﬁct;
probably benzol. At 100° to 1059 C, I gotnanother’product, prob-
~ab1y’water and tuluene. At 1250 to 130° €, I got a product which
was probably HNO3. o A : S

1 repeated this experiment four times exactly the same

'way, and got the same results.

The product obtained from this experiment oxidizes into

& yellowish solid on standing over night.
- Proceedure III.

This proceedure was carried out exactly as the othef
{I1), except that the temperature of the electric furnace was re=-
‘duced to 275° €.

~The first product went over,as before, at 86° to 870 ¢.
I tested this product and found it to be benzol. Test: I teok
a portion of the solution in a teet tube and added HNOz and heat-
~ed, then cooled under running water. The contents turned white
and gave the characteristic oder of nitro-benzene.

The second distillate went over at 100° to 105° €, as be-

fore. After. stanalng over night & yellow solid precipitated out.

The third distillate went over at 110o to 111° and was unchanged
it01uen8q;?heafeﬂrth went:over~at 1309 and had the odor of HNOz.
The fifth distilled over at 1750 to 180° €, and condensed in the




16

‘~'condénse:,tube as a white crystalline solid. 1 dissolved the sol-
14 with hot water and evaporated to- dryness and dissolved the
: reé;due in alcohol, I tested for several possible organic com-
bounds but failed;to‘reachéany definite conclusion. |
V -1 have repeated this éxperiment a number of times, testing
thefproduct‘fozméd.each time. I have also performed the experiment
at”témperatures ranging from 200° C to ‘5259 C at steps of 259C.
The same compound‘is produced~allfup;the;line,‘but be tween 3000
and:4000‘c‘a notro compound is formed thet explodes in the elec~
trié furnécé. 'It is probably;a small quantity;of nitro or dinitroe =
toluene that causes the explosion. Anyway, the compound formed
at this temperature is a nitro compound and satisfies a test for
par -nitro-toluene. There is probably some nitro-benzene formed.
: Proceedure IV,

~ This proceedure was carried out as the others except that
thekN~02,kgas was‘cut‘off and just oxygen and toluene vapor run
‘ thropgh‘the furnsce. The result was quite different. The product
this time was an oil having a:peculiar odor. So far I have not
been able to identify it. ‘

| ‘ Proceedure V.
In this method I cut out the N Oy gas and passed the toluene

‘vapor and éxygen through the electric furnace over vanadium oxide.
The toluene vapor was oxidized to benzoie and phthalic acid. Some
of the benzoie was crystallized out immediately, while some was ob-
- tained after distilling the liquid produet produced by the oxida-
tion of the toluene. In fact the greater part was obtained in
this way. After the toluene vapor and oxygen were passed through

_ the furnace ove:ithe~vanadium oxide, dense white fumes were formed.
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 These fumes were passed‘into & vessel immersed in cold water.
The fumes condensed into a tiquid which was a mixture obeenzol, it
water, toluehé, benzoic aci&, phthalic acid and benzl aldehyde.
Then by fractional distillation these different producfs were
separated. The two acids were the last products to go over and
they condensed in thé tube of the condenser as a white crystalline
solid Which can be washed out and sepatated by the ether method.

1 rbpeated this experimént three times and tested the solid formed
and it gave a Satisfactofthest for benzoic acid.

Proceedure VI.
This experiment was carried out exactly as V except that

the N Oé gas was allowed to pass through as a part of the mix-
ture df toluene vapor and oxygen. The resulting products ﬁere the
same, but théy formed faster and in greater quantities. The van-
adium oxide is a catalytic agent. I suppose, that in this case,
the I G, gas would be called a catalytic agent. It certainly in-

creases the amount of products,
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