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Jmomﬂou e« The object of this investigation was
i:to study in the vapour phase the oxidation of naphtha.
lene without rupturing the naphthalene mucleus. |
A great deal of work has been done on the oxida-
tion in the vapour phase with the main object of i
obtaining phthalic anhyiride, and the mamufacture of é
;phthnlie anhydride industrially is the result of such
';wrt- | i
| The exact mechanism of this reaction is not ¢l
and the present work was started in the hope that wi

a less reactive catalyst, under certain conditions,
the naphthalene nucleus could be oxidiud step by
step up to the point when rupture of the nucleus took
place.

It was thought that a gaseous catalyst would be
best suited for this purpose as any reaction preoduct

ivould pass along with the gas stream and so escape I
rm the reaction zone before it had been completely
ch-ag-d by further reaction. On the other hand a

5.-011:1 catalyst would no doudbt adsord the primary re-

action product, which might then be further acted on

becsuse of it remaining in the resction zone. 4s it
im oxidation that was to be studied the oxides of i
|n1trogm as the gaseous catalyst suggested thmolvoa.;
‘especially since Bibb and Lucas lhad been successful |

in/



' in obtaining phenol from benzene using these gases,

| 2
whereas using solid catalysts, Welss and Downs have

|
|
|
|
|
| |
' shown that higher oxidation products are obtained and
| |
i
|
|
|

'mlytmuofphmol.
1 At the ocutset of this work it was proposed to

ibrmg naphthalene vapour and oxides of nitrogen to-

| gether, under varying conditions of concentration and
‘;vcloclty. at as low a temperature as was possible to i

| give a reasction, and afterwards to increase the tcupot;-..
famm:wmmwwmmu@tbe |
?bmght about. |

}; Owing tc the nature of the reacting bodies when |
i’hot, the number of varliations of change of cmtmtrn-l
tion and velocity theoretically possible was limited |

practically because of the tendency to durn with

slight explosions. However 1t was possible to in.
vestigate the reaction under varying conditions at

that work.

| At the lower temperature « -nitro-naphthalene
fml.s formed and this reaction has been studied in
detall.

| At the higher temperature a different product
| of a most complicated structure was obtained which

' hes involved & large amount of work to try to Ment.!.r?

|
|
| two different temperatures, and this paper describes !
|
|
|
|

| 2¢.
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| LITERATURE . For the study of the possible inter-

!mute products, stable or otherwise, in the oxida-.
' tion of organic compounds the hydroxylation theory

!of at:mo3 is most useful.
| Ethane on oxidation in the vapour phase is be-
!nﬂ'od to undergo the following changes,

| H OH
| He€:H O, H-C-O0OH _qy,0 H+¢ 10
H-C-H C - H H-C-H
H H H
ETHANE ACETALDE HYDE

'and scetsldehyde further oxidises to formaldehyde
thus:-

| O:C +H O: C ' OH H-C:o0
! . &‘. . E—Y

! H-C - H H-C -OH H

| ACETALDEHYDE FORM ALDEHYDE
|

I In the case of benzene similarly we would expect
'the following reactions:-
|
!

OH O

OH

| OH
OH 0 -
o o) 4 o + o
Quing, ~ g8 pERuNoss
<: °

'BeE NZENE PHENOL

CATEecHOL o—-sgumoue
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!
|

'F. Fichter believes that the above does explain the
| reactions which teke place in the electrochemical
| oxidation of benzeme, but that the reaction is too
severe for one to detect measurable gquantities of
phenol, the first stage in the oxidation. Bibb and
Ilmmnsltuwingcmmmhnﬂ phenol from benzene showed
| that it was possible by using a gaseous catalyst viz.
Eexidoa of nitrogen to obtain the first product of

| oxidation - |

‘ Applying the hydroxylation theory to naphthalene

|
"e should efpect the reaction to proceed as roll.ows:..:
|

OH OoH
i
| OH
I
' NAPHTHALENE A-NAPHTHOL X NAPHTHOQUINOL |

|
| |
| |
| : |

i
| o !
| COOH !

%—_
COOH @
(0]

PiuTHALic AciD X=NAPHTHOQUINONE

- and similarly for a dinaphthyl the following:-
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. OH OH ;
Oa [ I ]—[ I ] |
% |

i

i
FF—DlNHPHTHYL Oy 1,I'= DI HYDROXY

ﬁ/B‘— DiNAPHTHYL

H OH a e
|
OH OH o o

1o
I4=1,4~ TETRAHYDROXY ﬁp'— DINAPHTHYL

i
ﬁ/j-DlNHPHTHYL I 4-1 4'-Di QUINONE

FF—DINHPHTHYL PHTHALIC Acio

I [}
3,3-DIHYDROXY I, 4= I, 4- DI QUINONE

The use of oxides of nitrogen along with napht.ha.:.
1ena in the vapour phase might lead to the formation
iof x-nitronaphthalene at lower temperatures than
:t.hcae at which oxidation takes place. This was found
to be the case. No mention of this having been stud- |
ied is to be found in the literature.

As regards the vapour phase oxidation of naphtha.
lene all the work so far carried out has been directed
towards/



|
| 6.
|

‘Wn preparing phthalic anhydride in good yleld E
' 1.6+ to the rupturing of the maphthalene mucleus under
im best conditions. '
| Conover and sima have done a considerable ‘
amount of research on the vapour phase oxidation of ‘
naphthalene to phthalic anhydride using many different
80114 catalysts, the most successful of which was
found to be Vanadium Pentoxide, while Platinum and

| Hagnesium Oxide were almost useless. They obtained
|socd yields of phthalic anhydride along with small
guantities of benzoic acid, and what they believed

| to be naphthols and naphthoquinones as by-products,
Much research slong this line has been carried
out resulting in the many patented processes, but
nothing can be gathersd from the work to clearly J_
indicate how the reaction proceeds i.e. what inter. 1
mediste produsts 1f any are formed. |
| One must consider also the possibility of the |
formation of dinaphthyls under the conditions of
these experiments and the oxidation products obtained
from them. In fact a mixture of the three possible
isomeric dinaphthyls has been obtained up to a 157
yield by merely passing naphthalene vapour alome, or
along with either antimony trichloride or stammic
:ehlor:lde through & hot tnbof Ko work appears %o ;
ih&vo been done on the vapour phase oxidation of the

 dinaphthyls.

The/
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The oxidation in solution of naphthalene by

- various reagents has been studied in some cases in

great detail, and a short summary of the products

 formed will now de given.

Phthalic acid or its anhydride can be produced
by a number of methodss-
(1) By treatment with dilute nitric acid at 130°0,
(2) Until the introduction of the modern vapour

| phase processes, the injustrial preparation was car-

| ried out by oxidising with concentrated sulphuric

acid in presence of mercuric sulphate as catalyst,
and in later years oxides of metals such as molybdenum,
chromium or vaasdiuna.

{3) By boiling with either acid pemngana.t.g or
10

~ chromic acid mixture . The latter agent also pro-

duces some ﬁ/s’-dinapht.hyl in a side reaction.
/3 -Dinaphthyl may be oxidised farther with chromic
acid in ascetic scid solution, yielding according to |

conditions either naphthyl.naphthoquinone or
11

dinaphthyl d4iguinone.
R
(@]

NAPHTHYL NAPHTHOQUINONE

\ 0 (8]
/3[5’— DINAPHTHYL qj_@
le] o

DinAPHTHYL DIQuiNONE
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‘These quinones dissolve in alkaline solutions with
‘absorption of atmospheric oxygen ylelding hydroxy
derivatives 1-1

NAPHTHYL N APHTHOQUINONE NaPHTHYL HYDROXY NAPHTHOQUINONE |
o} o o o
Oa s
o
7 H H
o (o (o] (o}
DINAPHTHYL DIQUINONE DiNAPHTHYL DIHYDROXY DIQUINONE

‘On further oxidation in alkaline solution with potas- |
sium permanganate naphthyl hydroxy naphthoguinone
gives & mixture of 3 -naphtholc acid and phthalic
acid, while dinaphthyl-dihydroxy-diquinone yields
only phthalic acidlz '
| It has been pointed out that oxidation with acid |

potassium permanganate ylelds phthalic acid as the .
9 j
principal product . If however the solution be

neutral or alkaline a less vigorous action takes plsoe?

|
!rowltlng in the formation of phthalonic aolde”

The .conversion of naphthalene to -naphtho-
quinona may be achieved by oxidation at room tempera-
ture in glacial acetic acid solution with chromic |

anhydride/
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anhydride%s Phthalic acid appears as one of the
fcmer bg-produot.e? Oxidation in acid solution with
ceric sa.lt.&‘ and electrolytic oxidatioerlxa in presence
‘of cerous salts also convert naphthalene into
.ot-uaphthoquinone and phthalic acid. It should be
noted that the tendency for side reactions to occur
renders the ylelds poor. The best method of preparing
xX-naphthoquinone is now considered to be by oxidatioﬁ
of l-amino 4-nnpht.ho%'f
; X=Naphthogquinone on further oxidation with _
inhromie acid or potassium permanganate ylelds phthalig
aclid, but treatment with acid or dilute alkali brings
‘about oxidation to e-hrdroxY-l-#-nnphthaquinonom which
'then polymerises forming a mixture of the so called
:'naphthoqu:!.nona humic acids®. Er-mii:.maé9 recently 1s0-
lated two of these polymers snd has put forward
structural formulae for them

HO &
OH
@ o
o o
Bis— AnHYORO-TRINAPHTHO TRINAPHTHOB EN ZENE

Quinoc TRIOXIDE
A il el Tl
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"I‘hm are crystalline boiies whereas the “quinone
humic acids™ are generslly amorphous, Irdtman bellieves
ltho anorphous products to have oven more complicated
structures than those shown above.

In 1881 Leodaeooltlmd to have produced [ ~naphthol
by boiling naphthalene in acetic acid solution with
Ehydmgm peroxide. e stated that there was on proe
longed bolling no tendency to form resinous bodies,

Ior to oxidise farther. He also claimed the prodmt.i.%
of phenol in similar experinents with benzene. A4As a

|
mult. of more recent investigations this work has

!buu shown to be very inaccurato. Charrier and mgggi
icming out sinmilar experinents obtained phthalic
ecid as the main ani only identifiable product of

f

onldtnm.
| Treatment of naphthalene with concentrated sul- )
Itphm'zc:: acid ani potassium chlorate produces a mixture |
of phthalic scid, dichlornaphthalenes and syrupy
:xoxychlomphtmno aciqa cwa.,c:.o:? while with
bhml chloride dichloronaphthoquinones are rormed
Aquooua hypochlorous acli and naphthalene fors an
deitim compouni with the formula C,fg(R0Cl)e ,

Fnioh on treoatzent with aloocholic potash is converted

to tetrahyirorytetrahyircnaphthalenes
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' 1
' THE APPARATUS, In the apparatus of Bibdb and Lucas

 the oxides of nitrogen were obtained by bubbling a
stream of air through flasks containing nitric acid,
some of the vapour of which was picked up and carried
on into an electric furnace, at the high temperature
of which it was decomposed into oxides. A similar |
stream of air was bubbled through flasks containing
 benzene, and this vapour was also passed into the
:furnace. The resulting ﬁroducté were condensed, last;
traces being removed by absorption in iUbricating 011,

An spparatus somewhat similar to that used by
Bibb and Lunasl was set up and gradually improved
‘upon until fairly satisfactory under working conditions.
A diagram of the layout is shown on the opposite page%

The air used was that supplied.by the compressed
' air system at 5 1lbs/ O’ guage pressure, and in order
; to remove oil and dust it was first passed up a tower
packed with alternate layers of cotton 'ool.and glass
wool. The alr then passed through a large capacity
reservolr in the form of 'a gas meter to smooth out
the effecta of any sudden fluctuation of air pressure
on the mains. The next stage was to dry tho'air‘by
passing through sulphuric acid wash botties, but to
avold the risk of acid running back into the gas meter
through a sudden failure of the air supply, or a back
pressure in the apparatus, a trap was placed in between
the meter and the wash bottles.

The/
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The air was divided into two streams each con-
trolled by a tap, and after being dried passed through
flowmeters, the calibration curves for which are shown

opposite page 16. After scme preliminary wor?
' it was found necessary to put traps between the flow-
; meters and the rest of the apparatus, to catch the
liquid should it be accidentally driven over, ‘

The naphthalene vaporiser consisted of two parts,
a preheater and a vaporiser proper. |

Conover and Gibbs® in their work on the oxidation
of naphthalene to phthalic anhydride used as their
;nsphthnlane vaporiser a horizontal U.tube immersed
iin an o0il bath. The ends were turned-up at right

 angles to the plane of the U so as to project out
iof the 01l, while the naphthalene only partly filled

' the tube, thus providing the minimum of resistance to
the air flow. |
| A similar vaporiser was used in the present appar-
atus and was heated in an oven which could be lowered
;for detachment of the Uwtube for weighing or filling,
'In the bottom of the oven was a layer of 1} inches

' of sand covered with a thin iron plate on which the
U~tube rested. The oven was gas heated, the tsnper-;
ature being controlled by a thermometer whose bulb
‘projected through the metal plate into the sand, while
the portion of the scale concerned projected through
the top of the oven. The inlet and outlet tubes which

were/
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were provided with ground glass joints passed through
holes in the top of the oven. The door of the oven
| is not shown in the diagram,

| The air preheater was a copper coil heated in a |
| sand bath to a high temperature, and although the hosi.
' transfer was poor the temperature of the cold incoming
‘air was raised by 25-45°C. which was all that was re-
quired. It was comnected to the vaporiser through a
 eross plece in one leg of which was fixed a thermometer
!t.o measure the temperature of the prsheated air. 'rhei
 fourth leg, provided with a stopper at the end, was
‘used as a by pass for the air when necessary, as for |
immple during heating up or cooling down of the
apparatus. As shown in the dlagram, the outlet tube
from the vaporiser was made with a downward slope
!t.omrls the mixer and preheater. The terperature of
‘the naphthalene air mixture was recorded on a ther-
mometer fixed in a side tube sealed into the sloping
‘tube described above. |
: The preheater and mixer simply consisted of a !.4.
jt’.m_wa strongly heated in a sand bath. Briefly the bath
consisted of a round tin box about 10* in diameter and
‘5" high whose walls were lined with asbestos. Sand
filled the bottom up to the level of the tubes,
‘vhilo on top was another layer of asbestos. The rﬁ-
sult aimed at was maintainance of a uniform temper-
ature, which could at the same time be repeated in the

next/
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:noxt experiment, To have some means of control a
thermometer was placed so that its bulb lay irmersed
'in sand at the fork of the Y.tube.

| The nitric acid vaporiser consisted of a similar
‘detwhnhle U-tube, immersed in an electrically heated
!Iaxor bath wired in series with a variable resistance.
' The temperature of the bath was recorded on a thermom.
!eter graduated in %Bxh’ of a degree. The acld used
'was the constant boiling 687 acid, and 30 the Aif-
|fiou1ty of frequent replacements was avoided.

Tho outlet from the preheater led directly to the
'tube of an electric furnmace, which was controlled by
a variable resistance and ammeter. The tube was of
‘3" internal dlameter fused silica and was not packed
in any way. A glass T-plece placed over the lower
lend of the furnace tube provided an exit for the pro-|
iducta, while holding in position a thermocouple pro-

' jecting into the heated zome of the tube. This couple
i'as e platimme.rhodium one encased in a silica sheath,
iand the temperatures were read off on an indicator
'calibrated in degrees centigrade.

A tube to trap high boiling products was fitted
to the end of the vertical leg of the T.plece, while
a side tube led off the vapour as yof. uncondensed to
an air condenser, near the lower end of vhich was a
second trap. The air condenser led into a wide mouthed
flask of about 500 ccs. capacity fitted with an up-
right double surface water coocled condenser.

From/
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Frem the top of the latter the exit gases passed
to the mist settling device which was a duplicate
system, only one unit however being in cperation at
one time. The easential part of the systen was a
"scrubber® consisting of a tube about 2* in diameter
containing four or five perforated porcelain discs
similar to those used in a Gecoch crucible. The discs
were kept apart about % inch by rings of rubber tubing
fitting closely to the sides of the glass,
| The scrubber was developed from a very much
Isimpler one consisting of two discs in a tube attsched
éto a filter pump. With this device s mist of ammon.
ium chloride was very effectively dealt with, but the
jholas became choked in a very short time, and so when5
Ithe 1dea was adapted to the oxidation apparatus dupli-
‘cate scorubbers were provided in order that operation
might be continuous, one scrubber being cleaned while
‘'the other was in service.

The actual eff'ect of the discs was considered to
be baffling of the mist particles. The effect of the
first disc was to produce a sudden increase of velocity
in the mist. Some of the particles shooting through
would tend to strike the surface of the second disec
with considerable impact, thereby adhering to the
surface for sufficient length of tiym to prevent them
going off again as mist. | .

By means of the taps shown in the diagram either
unit could be switched in or out of circuit at will. |

When/
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When one of the scrubbers became choked it was switch-
ed ocut, and cleaned by running down a small quantity
of ether from the separating funnel attached to the
top, the ligquid running dowm and collecting in the
flsask attached at the foot. It was then ready for
use again.

As the dlscs created a considerable resistance
it was necessary to pull the gases through with the
- ald of a water pump. The amount of vacuum applied
| was controlled by adjustment of a tap which admitted
air to the pump when opened.

Calibrationss:- The flowmeters were calibrated

- against a gas meter, and the curves obtalned are
shown opposite.
The weights of naphthalene vaporised, even with
. constant air flow, showed large discrepancies at
times, and no reilable calibration curve could be
obtained. Conover and Gibbs® had a similar experi-
ence and believed the discrepancies to be dus to
variations in room temperature and draughts from day
to day. .
The amounts of acid vaporised were dependent on
the air flow through the vaporiser and the temper-
| ature of the surrounding bath, and 4914 not like the
- naphthalene appear to be influenced by variations \
' in atmospheric temperature and draughts. As the
temperatures/
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itemperatures wvere very much lower this was not un-
‘expected. It was assumed that within experimental
évariations the weight of acid vaporised would be
‘directly proportional to the air flow. This proved

|
to be the case. The weights of acid vaporised in a

gnnubar of experiments were reduced to the weight for
‘an air flow of 0.0625 cubic feet per mimute and the
Ivaluns so obtalned plotted against the corresponding
‘bath temperatures. The points were all found to

.110 on the curve shown on the opposite page. By means
‘of this curve the amount of acid to be vaporised under
;a glven set of conditions could be forecast with a
falr degree of accuracy.

Table of Observations made on ﬁitr@a Avid quoriser.,

Fo.or [ Fiowmeter A - - Wt. of acid
‘Expt.| Reading. | per mimute |Acid Bath used. for .08625
f cuft/min.
97 | 8.0 ems. | .0650 96°C. | 59.27 gms. | 37.80 gms.
115 | 7.5 cms. 0625 80°C. | 23.84 gms. | 23.84 gms.
114 | 7.5 ems. | .0828 20°c. | 16.62 gms. | 16.62 guws.
104 | 7.5 cms. 0625 65°C. | 14.46 gns. | 14.46 gnms.
111 | 7.5 ems. | .0625 60°C. | 11.96 gms. | 11.96 gms.
101 | 7.5 cms. .08285 57°C. 10.76 gns. | 10.76 gnms.
99 8.0 cma, -0650 55°C . 1010 gms. 9.74 gnms.
110 | 7.5 cms. 0625 55°C. | 10.00 gms. | 10.00 gms.
105 | 7.5 cms. .0628 50°C. 8.40 gms. | B.49 gms.
107 | 7.0 cms. .0800 45°C. 6.60 gms. | 6.87 gms.
108 | 7.0 cms. 0600 41%. 5.55 gms. | 5.78 gms.
120 | 7.5 cms. | .0825 25°c. 2449 gms. | 2.49 gms.
121 7.0 CmS. <0800 20°C. 1.48 gms. 1.55 gms.
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'Development Of The Apparatus:- In the preliminary
work a simpler form of apparatus was used. The cap-
éa.oity was however small owing to a 3" internal diam-
' eter furnace tube, and quantitative measurements were
;not possible as the vaporisers could not be detached :
;for welghing, and no sultable method of calibration

' could be found.

| The acid vaporiser consisted of two large cap-

‘acity wash bottles connected in series and heated in

| a water bath, while the naphthalene vaporiser con-

| sisted of a distilling flask. The air stream was

| passed down the meck of the latter, and the mixed

!vapours passed out by the side tube into the mixer

| and preheater.

! The absorption system was also somewhat dirremi,

 though quite efficlemt in settling the mist. First

icm a settling bottle followed by two scrubbing

| towers connected as before to a filter pump. The |

' exit gases were passed up the towers which were packed

'with glass wool, while the absorbing liquid was run
down from the top. The liquid used initially was 8%

' sodium hydroxide sclution, while later glacial acetic

 acid was substituted for this. The difficulty of
recovering the products from the latter solvent was

| however rather great and therefore useless for

quantitative work.
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i nmrg. After testing the apparatus for leakages
and carrying out a few preliminary experiments in
order to determine suitable working temperatures and
air speeds, it was observed that at a temperature of

 400°C as recorded by the thermocouple in the gas
mixture, (hereinafter referred tc as the furnace
temperature) a product distinct from naphthalene
collected in the receiver. On purification this

 proved to be X-nitronaphthalene. Below 400°c re-

' action was very slight, and this temperature was
taken therefore as the lowest at which an appreciable
reaction would occur. Accordingly this reaction was
studied in detail at this temperature under varying
conditions.

The time of contact had to be fized within fairly
narrow limits at asbout 1.25 seconds. With longer

' periods flame combustion took place, while shorter

' periods reduced the amount of reaction to a very
large extent. The relative amounts of naphthalene
and nitric acid could however be varied within a
fairly wide range, although the ratio of naphthalene
to air had to be kept low in order to avoid flame
combustion.

Variation of the molecular ratio of Ritric acid
vaporised to Naphthalene vaporised was possible up
to a ratio of about .?_ « Beyond this firing occurred.
‘Within/
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Within these limits the main product was -nitro-

naphthalene along with very small amounts of a dark

coloured alkali soluble bodye.

Even with high ratios

of wld to naphthalene no trace of dinitro or trinitro
derivatives was found.

The reaction was next studied guantitatively i.e.

'the variation in yield with differing acid to naphtha-

| lene ratios.

After removal of alkali soluble impurities the

'solld was dissolved in alcoheol, and the weight of

x -nitro.naphthalene in a sample was found by re-
‘duection with titanous sulphate, according to a modi.
fication of the method used by Callan and Hendersg.

Section.

The conditions and results for a number of

‘experiments are shown in the following tables,.

The detalls are described in the Experimental

TABLE I.
[ Temp. or
Acid Bath.
108 | 7.0 cms.|3.5 cms. | 0800 | .012 8.64 cuft, 41%
101 | 7.5 cms.|3.5 cms. | .0625 | .012 8.95 cuft] 56-57°C
108 | 7.0 oms.|3.5 cms. | ,0600 | .012 8.64 cuft, 50°C
112 | 7.5 cms.|3.5 oms. | .0825 | .012 8.95 cuft, 65°¢
110 | 7.5 cms.[3.5 oms. | .0625 | .012 8.95 cuft. 55°¢C
111 | 7.5 cms.|S.5 oms. | .0625 | .012 8.95 cuft. 80°c
105 | 7.5 oms.|3.0 cms. | 0625 | .010 8.70 cuft, 50°¢
114 | 7.5 cms.|3.5 oms. | .0825 | .012 8.95 cuft| 70°C
104 | 7.5 cms.|3.5 cms. | .0625 | .012 8.95 cuft, 65°¢C
115 7.5 CMS.[3.0 cMSe | <0625 | .010 8.70 cuft, 80°%
108 7.0 cms,!3,0 ems. | 06800 | .010 8.40 cuft 78°¢C
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Other conditions were constant as follows: e

1.
2.
5.
4.
5.

Time of each run

* L

Temperature of furnace

Temperature of air oven

Temperature of mixture preheater
Temperature of preheated air
The respective welghts of nitric acid and naphtha-

lene vaporised are shown in table II.

.

.

120 mins,
400°%
280°¢c
250°%
45°c

TABLE II.
mmmmm 0 Wols.o %
Expt.| used. used. HROg CyoHg |HRO Cy0H~NOg | Convers-
_C—lﬁa formed. |10n.
106 | 5.55 gns. | 9.390 gms. |0.080 |0.0733 |0.820 |0.0212 28.9
101 |10.76 gms. | 17.64 gms. [0.116 [0.138 |0.843 | 0.0380 27.6
100 | 6.72 gms. | 10.91 gms. |0.0725 |0.0852 | 0.852 | 0.0214 25.2
112 |14.79 gms. | 19.10 gms. |0.152 |0.149 |1 0.0609 40.8
110 [10.00 gms. | 10.49 gms. |0.108 [0.0819 |1.320 |0.0426 52.0
111 [11.96 gms. | 11.78 gms. |0.129 |0.0920 |1 0.0483 52.0
105 | B.49 mms. | 6.68 gms. |0.0915 |0.0522 | 1.755 |0.0316 60.5
114 |16.62 gms. | 11.92 gra. |0.1793 |0.003 |1 0.0564 62.0
104 [14.46 gms. | B.19 gms. {0.156 {0.084 |2.440 |0.0481 75.2
115 |25.84 gms. | B8.65 gms. |0.2575 |0.0676 |3.810 | 0.0487 72.0
108 |16.89 gms. | 5.42 gus. |0.1825 |0.0423 | 4.310 | 0.0298 70.3
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It will be seen from the results and the graph
of € conversion against molecular ratio of nitric acid
vaporised to naphthalene vaporised shown on the
' opposite page, that the conversion increased to a
 maximum of 757 at £.44 mols. of acid to one mol, of
' naphthalene. Above this ratio the yield decreased.
It was probable that beyond this polint some degree
- of oxidation took place forming carbon dioxide and
iuntor, as no &pprec&ahle quantity of either phthalic
éanhydr&de or the dark coloured alkalil soluble dbody |
i'as ocbserved in the products.

The fact that under the best conditions a large
excess of acid was required to produce the mononitro
derivative would seem to be explained by bad mixing,
| though this appeared very unlikely as the vapours werse
' in turbulent motion, arnd the distance to be travelled
?hefora entering the furnace was at least nine inches.
On the other hand the time of contact might have been

" %00 short.

Having studled the reaction at 400°C the tempera-
ture was raised. At 600°C with an scid ratio not
| exceeding 0,8 to 1 of naphthalene the reaction led to
'ths formation of an oxidation product and not « -nitro-
naphthalene. Beyond this ratio firing occurred.
Indeed at the higher temperature the reaction was very
sensitive to change of conditions, and it was found
th&t/
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that the variables, time of contact etc. had to be

' maintained within the same limits as those used Quring
|
' nitration at 400° 1in order to avoid flame comdbustion.

The oxidation product had the appearance and
| properties of a hydroxyquinome, and seemed to be
identical with the ﬁy-product obtained in small amounts
along with amitmphthalme in the previous experi-
'ments. This body along with very small amounts of
phthalic anhydride was the msin product. The dark
coloured substance distilled over as an oil mixed with
naphthalene, and condensed in the trap just outside
the furnace. |

The reaction taking place at 600°C was studied
gquantitatively in detail with varying acid to naphtha.

' lene ratios.

The product was readily soluble in sodium hydr-
oxide solution and was separated in this way from
naphthalene end any small amount of insciuble impur-

. ities. After acidifying the red brown precipitate
‘was filtered, washed with a large volume of water,
Edried and weighed. The welght obtained was taken as
?the yieid. The results were calcuiated on the product
;hav!.ng a molecular welght of 346 as 1t was belisved
ito be & dinaphthyl-dihydroxy-diquinone, CjigHy4 Oo(OH).

C10%402(0H) .«
The conditions and results for a number of experi-

ments are shown in the following tables:w
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TABLE IIl.

Fo.of | Flowmeter Readings| Cu.Ft.of Air/Min.! Total Vol. Temp. of
Expt. Tio88 ~ HNOg Clofs of Alr, Acid Bath.
130 | 7.5 cms.| 3.0 cms. [0,0825 |0.010 8.70 cu.rt. | 20°.
145 7.5 cms .| 3.0 oms. |0.0625 0.010 8.70 cu.ft. 19°C.
127 | 7.0 cms.|3.5 cms. [0.0800 |0.012 8.64 cu.ft. | 19°C.
126 | 7.0 cms.| 4.0 cms. |0.0600 0.014 8.88 cu.ft. 20°C.
146 | 7.0 cms.| 3.0 cms. |0.0800 |0.010 8.40 cu.ft. | 18°C.,
131 | 7.5 cms.| 5.0 cms. |0.0625 | 0.010 8.70 cu.ft. | 20°C.
128 | 7.5 cms.| 2.5 cms. (0.0825 |0.0085 | 8.52 cu.ft. | 20°C.
143 | B.O oms.| 5.5 cms. |0.0650 | 0.012 9.24 cu.ft. | 25°C.
120 | 7.5 cms.| 2.5 cms. |0.0625 |0.0085 | 8.52 cu.ft. | 20°C.
147 | 7.5 cms.| 3.0 cms. [0.0625 |0.010 8.70 cu.ft. | 19°C.
144 | 7.5 cms.| 1.5 cms. |0.0825 | 0.005 8.10 cu.ft. | 25°C.
142 | 7.5 oms. 2.0 cms. [0.0625 |0.007 8.34 cu.ft. 17%.

Other conditions were constant as follows:-
120 mins.

1. Time of each run

2. Temperature of furnace

3. Temperature of air oven

-

4, Temperature of mixture preheater

5. Temperature of preheated air

800°C.
250°C.
250°%C.

s5°C.
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;:;:r e | Cy0fla ANOy  |Cyglg | Of HNOg | Product

YE. OF  [WE. OF | HOl8.0Y | Hola.or | ROl.Natlo mold.of|
used. Tichs for;na

Conver-
asion,

130
145
127
128
146
131

143
129
147
144
142

1.47 gmo. |18.44 gm8.|0.01890 | 0.1440 | 0.110 «00273
1.34 gms. (185.79 gma. 0.0145 | 0,1830 | 0.118 00246
1.24 gms. 14.22 gms.|0.0134 | 0.1110 | 0.121 00234
1,40 g3, |[183.80 gma«|0.0151 | 0.1082 | C.142 +00222
1.20 gms. |10.37 gms, |0.01282 | 0.0810 | 0.160 «00186
1.39 gn8e |10.85 gms.|0,0180 | 0.0848 | 0,177 -00£211
1.58 gma |10.22 gne. (0,0171 | 0.0708 | 0.215 «00£11
1.83 gmae.| 9.08 gne,. |0.0198 | 0.0778 | 0.£285 «00178
1.48 gma.| 7.08 gms. |0.0180 | 0.0851 | 0.201 «00156
1.35 gma.| 8.55 gno. 0.,0148 | 0.,0433 | 0.337 «C0070
2.07 gma. | T200 gnus. | 0.02804 | 0.0646 | 0.410 «00056
1-1@ g2s.| 2.01 gus, 00185 | 0.0288 | 0.540 «+00014

3.78
4,00
4.22
4.18
4.59
4496
5.28
4.59
5.66
3.24
2.06
1.17

It will bs seen from the figures and the graph of
¢ Conversion againat acii to naphthalene ratio shown
on the opposite page that the conversion reached a
maximm of 5.667 at 0.891 mol. of acid to one of naph.
thalens, Above this ratio the yleld decreased, rapid.
ly at first, and then more slowly till the firing
point ma. reached,

Working with ratios higher than that riving the

maximum/
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' maximum yield the production of phthalic anhydride was
Equite noticeable. Long white needles were observed
iin the condenser and traps. These were removed with
!twnesors andi shown to be phthalic anhydride. The
!yields of the latter were not determined as this was

| outside the scope of the present work, but the quan.
' tity produced appeared to increase as the acid to

|
' naphthalene ratic was raised,

' Identification of the Oxidation Product:- The oxida-|

| tion product contained only carbon hydrogen and oxygen,
' and when dry was an amorphous powder showing no traces

| of crystalline form under the microscope and, depand-i
ing on the state of division, varied in colour from

élight brown to aimost black. It was only very sparing-
'ly soluble in cold water shen freshly precipitated |
Eanﬂ totally insoluble after belng dried. In benzene |
innd petroleum ether the solubility was very small,
ébut solution toock place more readily in acetic acid,
éaoetone, nitrobenzens and most of the other common
?organic solvents. It separated with 4ifficulty from
' hot absolute alcohol as a dark red brown powder. The
| product dissolved in concentrated sulphuric acid
:glving a dark brown solution and was reprecipitated
' unchanged on pouring into water. |
The fact that the substance dissolved readily

in/
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Ein solutions of sodium or ammonium hydroxide and was |
%not reprecipitated on saturating tho solution with
carbon dioxide suggested Q carboxy acid. The sub-
l-tanoo however did not attack sodium bicarbonate and
|
was therefore thought more likely to be a hydroxy
gquinone or s polymerised hydroxy guinone, i.e. a
' "guinome humic acid”. From the appearance of the
substance and the method of preparation such a com-
pound seemed quite likely. |
If the product from the furnace was & guinone
treatment with alkall would bring sbout oxidation to
a hydroxy quinone. The product from the furnace was
however purified without 4issolving in alkall and
jfbumﬂ to be the same as the alkali treated snbntanoo,i
thus showing that the oxidation in the furnace was |
roanplo‘bo. ?
| A molecular weight determination in camphor geve
fa value of approximately 390. The exact melting point
!or the camphor solution was difficult to determine '
‘owing to the dark colour of the solute. |
i The "naphthoquinone humic acida™ are oonuiderndlg

!to be at least termolecular polymers and the value

of 390 corresponded more nearly to the molecular weight
of a dinaphthyl derivative. The problem was accord-

ingly attacked along these lines.

| Although soluble in alkali the substance in
isqnauua solution gave no reaction towards litmus.
;This,/



iThil, together with the fact that solution in water
iomlr ocecurred with a freshly precipitated sample suge
gested collolidal propertieas. Examination in the
!ultrunﬁcransopo showed that an agueocus solution was

| colloidal,

i No information waa obtained from distillation
‘with either sods lime or zinc dust, while treatment |
!with phenyl hydrazine ylelded no satisfactory rasult.j
i A combustion gave Carbon = 69.,0% Hydrogen =

| 5.1%. This would indicate three oxygen atoms for
ioach naphthalene nucleus, A dinaphthyl dihydroxy
jdiqpxnnno CyoE40p(0H) . CyoH40o(0R) requires 69.2¢
;uf Carbon uad'a.ax of Bydrogen.

| in analysis of the ammonium salt gave 4.79% of
lnns; The monoammonium salt of a dinaphthyl dihydroxy
idiqn:nnns CyoHa0g(0NE, ) . clﬂp‘p’(ua) requires 4.687
Kl |
i The silver salt was prepared from the ammonium
| salt and snalysed. The % of silver found 22.7¢ |
| agreed well with that required 25.8f for the mono-
‘ailver salt of a dinaphthyl dihydroxy diguinone
08,0 (0Ag) -G 8,0, (0R).

| Attempts to determine the number of hydroxyl
} groups were made, but owing to the colour of the
i alkaline solution any volumetric method using an

|
|
|
|
|
|
i
i
r
|

' indicator was impossible. Titration at a hydrogen

| electrode proved unmsatisfactory. |
! I
| Attempts/



Attempts to acetylate by various methods were
‘unsuccessful.,

A meve sownrete Seteratmiion of the melseulsr |
iteight by boiling point elevation methods also failed.
!In acetic acid no elevation was observed, and the
!solutim appeared to be colloidal although the part-
iiolm were probably comparatively small. Examination
Em the ultramicroscope gave rather indefinite results,
iu&no the Tyndall Effect was only exhibited to a
!alight extont. Congo Red which is known to be defin-

!ualy colloidal in aquecus solution gives no Tyndall i

Enrfut. nor can the sggregates be seen in the ultra-
microscope. In the case of Congo Red the colloidal
‘partialea consist of only about ten molecules and
'are therefore too small to scatter light. With other

‘solvents the behaviour of the substance was similar

to that in scetic acid. |
" On oxidation with both acid and alkaline per-
!mgsnato the substance was converted to phthalic
acid along with a very small amount of a bright red
isubatmco unattacked by potassium permanganate. :
Chattaway = prepared s 0 -dinaphthyl dihydroxy ;
diquinone which on further oxidation yielded only :
|
|
|

phthalic scid along with a small amount of an un-
identified red coloured material.,
| This quinone as prepared by Chattaway darkened

on/



30, |
|

‘on heating to about 200°C. then sintered, and finally
‘melted at about 215°C. The present substance bahavadf
'similarly melting actually at 227°C. The exact tempeﬁ-
;sture was difficult to determine owing to the dark i
icolaur and depended on the rate of heating. ;
;Decompesition appeared to take place at or near the |
Emnltlng point, i

Chattaway makes no mention of attempting to re- :
‘duce his quinone. The present substance did not appe#r
!to reduce by any of the several methods tried out.

i Bromination by some of the usual methods was un-i

The hot tube method of obtaining the dinaphthyls |
éfrom naphthalene leads to a predominance of the fyf j
form, and for this rafsan one would expect the pranen%
'compound to be the ﬁ@ form, On the other hand if i
the reaction proceeds either through the nitro con-
pmma or o -naphthol as the first stage, then one
;'anld expect an oo ~1inaphthyl derivative,

The snalysis would also agree with an oo-dl-
naphthyl-dihydroxy-diguinone. Korn® obtained oo~
' dinaphthyl-2,2°' -dihydroxy-3,4-3%4' — diquinone by
polymerisation of ,a-naph&hnqulnone and subsequent
oxidation with alkali, This compéund is however
a yellow crystalline body melting at 245-250°C, so

that one must rule out the likelihood of the present
compound/
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compound being an «x-dinaphthyl derivative,
Taking the evidence as a whole, one 1s led to
support the formulat- '

0 o
i o bo

{3{3'— DinAPHTHYL 3,3’-— DinypROXY l, 4~ f'z,'— DIQUINONE

The analysis of the ammonium and silver salts

suggest only one hydroxyl group. It is quite possible
however that due to steric hindrance only one -0OH

group might react with ammonia. On the other hand if

both :OH groups were substituted one of them might

on bolling revert to -OH giving off ammonia.

! The failure of the quinone to reduce might also

be explained by steric hindrance the -0H and = 0I
groups being in the ortho position to each other, !

As further oxidation leads to phthalic acid

00H HooC
+ | '
COOH  Hooc

one/
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one is led to put forward the theory that in the oxid.
ation of naphthalene to phthalic anhydride js'-di-
Enaﬂhﬂhyl dihydroxy diquinone is the last intermediate
istasa before rupture of the ring. With catalysts more
!nottve than oxides of nitrogen thils compound would be
loxidised to phthalic acid as fast as it was formed,
;laﬂ ocould therefore never appear in any dbut the annll{
est concentrations. ?
| Such & theory is also supported by the fact that
'pmxysza of naphthalene leads to the formation of |

FP -dinaphthyl which oxidises very readily to qpinonoﬁd
dorivattvoa.

The oxidation of naphthalene to phthalic anhydriqe

|
|may therefore proceed by the following stages:- |

O

O (I) (I)
L\
COOH HOOC

>_< COOH Hoop
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 EXPERIMENTAL. The apparatus was first of all tested

‘for leakages under the full pressure of the air supply

'mains, and found to be satisfactory. |
Preliminary experiments showed that some of the i

. mtim product came over as a heavy mist, difficult

|
to remove, but which was successfully dealt with on i
itha introduction of the sorubbers. It was observed |
!thnt most of the oily product collected in the traps,
fwhile the solid material deposited in the alr con |
| denser, flask and upright condenser, and the mist !ﬂli
Eoomplotely taken out by the socrubbers. i
To test the efficlency of the absorption appar. !
atus the nitric acid was removed from the vaporiser |
and a run carried out using only naphthalene and air ;
at a furnace temperature of 400°C. After a weighed i
quantity of naphthalene had been put through the
| apparatus the recovered product from all parts of
the absorption system was dissolved in alcohol. To
' recover the product quantitatively from the alcohol |

:by evaporation was not possible because of the vol-

| atility of the naphthalene, 50 a method of estimation
Ior the latter in alcoholic solution was sought for,
The methods detailed in the literature are all

for estimation of naphthalene in coal gas, and consist
 essentially of conversion to the picrate which can

then/
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|

| %4,
.

|

' then be weighed or determined by volumetric methods.
| Kuster's. method was tried out but proved cumbers

|
'some and rather unreliable. The method consists in
|

|passing the coal gas through a mown volume of standard
' picric acid solution. Impure naphthalene plcrate is
!nltuya formed. The absorption flask is then exhausted
?or air and heated on the water bath for two hours.
'On cooling the pure solid now formed is filtered ofr,'
|and the excess of picric acid in the filtrate titrated
'with standard alkali.
f The method was tried out by heating in vacuo
:wnighnd quantities of maphthalene with a known excess
?of picric acid. The results were however unsatis-
ifactory. Colman and Smdth‘ﬂggd later Gaigggzde vario@s
!1mprcvemants on the method, introducing washing of
}thp precipitate with varicus solvents, and new methods
iot titration. Gair later dissolved the precipitate of
iimpuro naphthalene picrate in the minimum quantity of
:ubsolute alcohol along with a slight excess of picric
iaoid. To the alcoholic solution he then added a large
lvolumo of saturated aqueous picric acid whereby pure
‘naphthalene plcrate was precipitated. His subsequent
Iprocodure was somewhat umnmecessarily laboriocus how-
‘ever,

The method adopted for the present work was a
‘combination of the methods of all the workers mentioned.

1t/
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' It was hoped to use it in later work to determine the
' amount of naphthalene unattacked in the oxidation

inbtinntzan of Naphthalene as the Picrate:-
|

Veighed quantitlies of naphthalene together with a

imchra.ta excess of picric acid were placed in a 250 cc.
' beaker along with 10 ccs. of alcchol R.S. The mixture
im warmed gently to assist solution. When all the
isolid had disappeared the sclution was cooled, and then
!vnno stirring vigorously a nearly saturated agusous
‘p!.eri.c acid solution was run into the beaker up to |
ithe 250 co. level. After stemding for 3 fow minutes
itha.praoipitatod picrate was filtered off through
‘& Hirsch funnel, the beaker being rinsed with the |
;p.‘..eric acid solution mentioned above. This sclution |
?m made up by adding 200 ces. of water to 2500 ces.
ior saturated picric acid. The soluticn being now
‘below the saturation point could take up the excess
‘of ploric scid in the aleoholic solution.

| The precipitate in the funnel was sucked as dry
‘a3 possible with the pump, andi was then washed with

7 to 8 cocs. of cold distilled water to displace picric
‘acid from the cake. Naphthalene picrate is soluble
'in water, but insoluble in strong agueous picric acid
'aolut.iona, hence the reason for precipitating in the
latter medium.

After/



After again sucking dry, a jJet of hot water was
;usod to transfer the s0lid to a beaker where the
Imixtnra was titrated with N/10 sodium hydroxide,
using phenolphthalein as indicator. When the solution
turned orange or pink in colour, thus seeming to
indicate the end point, the beaker was warmed when
the colour generally changed back to pale yellow.
More alkall was sdded and the end point taken only
‘thon the colour was seen to be parmansntlx pink or
:orango on boiling the mixture. The method was found
fto be accurate within 1%Z.
| Using this method it was determined that the
weight of naphthalene recovered in the "efficiency
| test® was 1.90 grams against 1.89 grams vaporised,
1.0. 8 recovery of 100.7%.
This showed then that as far as naphthalene was
concerned the absorbing system was very efficient,
' and no doubt efficient for catching any mist that
| might come along.

A series of experiments was now carried out with

s furnace temperature of 400°C under varying con-
: ditions. The detalls are shown in the HResults.

It was cobserved that a yellow coloured o0il col-
lected in the traps in the receiver. On standing the
0il so0lidified in a crystalline form.

The/
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The solid was taken out and warmed with water in
order to remove acid, Ice was then added while
stirring rapidly so that the product solidified in a |

. granmalar form. The gramiles were then filtered 6:?:!'

and washed with a large guantity of cold water. The

' solid was next remelted with a 1% sodium hydroxide

sclution and again gramulated, filtered and washed.

' This removed the last traces of nitric acid and in
- addition phthalic acid, quinones, nitronaphthols etc.

if they happened to be present, Finally the product

 received another treatment by melting in hot water to

' remove last traces of alkali. The solid was then

' dissolved in a small quantity of hot alcohol, and well
' boiled for a few minutes with animal charcoal, Artaﬁ

filtering hot, the solution on cooling deposited

yellow needles. After one or two recrystallisations

from alcohol or light petrolsum the melting point
remained steady at 56.5°C, the melting point of pure
& -nitronaphthalene (comctodgfm A mixed melting
point with pure <nitronaphthalene showed no depres-

' sion, while a combustion gave 8.07 of nitrogen.
 «-Nitronaphthalene requires 8.1%.

Under varying ratios of nitric acid vaporised to

' naphthalene vaporised obtained by altering the temper

ature of the nitric acld bath, «-nitronaphthalene

appeared to be the main product. The presence of
naphtheols could not be detected, while the yield of
the/



itho quinone body recovered from the alkaline extract |
'by acidifying, was always small. Nitration therefore
appesrsd to be the msin reaction at 400°C.
| The reaction was next studisd guantitatively unaq:-
t.ho same conditions,

After each experiment the product was carefully
removed by washing into a beaker with water or ether,
the washings of the scrubbers being alsc added. |

| After evaporating off the ether by warming genuf'
|un the steam bath the solid was purified as doscribod‘

ipmimlr. by melting with (a) water, (b) 1% sodium :
:hsumx!.da and {c) water. The solid was now removed
iomﬁnly td a beaker, and dissolved in about 200 ooa.:
\of aleohol, heat being applied to assist solution 1f
?mosuary, The alcoholic solution was then filtered
;1::1'.0 & graduated flask, the washings of beaker, funnel
‘etc, were added, snd the solution made up to the mrk.1
! The method of estimation used was that recom-
!nmdod by Callan and Hendmo:‘iﬁ,mely reduction by

I »

'a Imown excess of standard titanous sulphate solution |
'in presence of sulphuric acid, followed by back titra-
‘tion with standard iron alum using ammonium thioe
icymte &8s indicator.

| The titanocus sulphate solution which was of
‘approximately 1% strength was first standardised with

‘pure ~<e-nitro naphthalene prepered by the method of

= Aguiari 31)



 Preparation of X-Nitronaphthalene

84 gms. naphthalene
150 ces. glacial acetic acid
33 cos. concentrated nitric acid _
The naphthalene was dissolved in the acetic acid
in a ome 1itre flask fitted with = reflux water con-
donser and 2 tsp furmel. Tho mixture was heated to

~ the boiling point and the acid then slowly rum im

 from tho tap funnel. After the addition of acid was |

completed the mixture was beiled for half an hour.
On cooling the nitro compourd crystallised out. It
was flltered off, washed free from acid with water,

. and after one recrystallisation from alcohcl the sharp

nelting point of 5&.5% gshowed the compound to be

:wec

Estimation of the K «Hitronephthalene Formed:e
(a) Standardisation of the Titsnous Sulphate |

- Solution:. The resction was carried out in a 250 cc.

round bottomed flask fitted with a reflux water cone |

 demser and a tube threugh the stopper for admission

of carben dicxide. The carben dioxide was generated
in a Kipp and purificd by passing firstly through
sodiun bicarbornate solution and secondly concentrated
sulphuric ascid.

£5 ccs,. of 407 sulphuric acid (A.R.) were rum
into the flask, which was then comnected up and flushed
out/



. out with carbon dioxide for five minutes. The ﬂaskf
. was then carefully detached and 50 ces. of the titanous

- sulphate solution run in. The flask was commected

. up once more and a flame applied. When the solutiori

was boiling 5 ccs. of alcohol were slowly run in froult
the top of the condenser, and the solution boiled for
seven mimites, The flask was then cooled, and when

guite cold was detached and a bent glass tube reaching

' nearly to the surface of the liguid was placed in the

flask. The other end was attached to the carbon di-
oxide apparatus. The cold solution was then utrat.adi
with iron alum solution of about 0.03 N, stirength,

- using 20 cocs. of a 207 solution of ammonium thio-

cyanate as indicator. This gave the relationship of

' the titanous sulphate solution to the iron alum solu-

| tion under the exact conditions of a gemuine reduction.

(b) This procedure was then repeated in a second

| experiment only this time a standard solution of

*-nitronaphthalene in alcchol was run in, the strength
being approximately 0.05 N.
From the difference in the dback titration between

- the blank and the actual reduction, the relationship

between iron alum, titanous sulphate and «-nitro-

naphthalene was determined.

(¢) Determination of the nitronaphthalene in an
unknowns - The procedure was as described above.
A portion of the original alccholic solution was made

up/
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!up to 100 ccs. in a grajduated flask, and 5 ces. of this
'new solution were run into the boiling mixture. From
the result of the back titration and the normalities
'of the standard solutions already determined, the
amount of  -nitronsphthalene present was calculated.

| It was found by experiment that the presence of
inaphths.lm in no way impaired the accuracy of the |
lmthod.

|
| |
I It was hoped to determine also the amount of un

'changed naphthalene by the method already described.

l A =lfiitronaphthalene forms a picrate which decomposes

'in presence of moisture, and although a great deal er!

work was done to try and produce the latter in qmti.i.

tat!u yields by the precipitation method, reproduotb{

results were not cbtained. .
The estimation of the unchanged naphthalene had |

;therarore to be abandoned. |

| On raising the furnace temperature to 800°C a
?darl: brown o0ll consisting of naphthalene and an alkali
Tsoluble material of the hydroxyquinone type collected
in the receiver.

The yields of the latter under varying conditions
of nitric acid to naphthalene ratio were determined.
The detalls are shown in the results.

After/



| After each experiment the product was as befora,i
wvashed into a beaker with water or ether, and the |
Ii washings of the scrubbers added. After evaporating
off the ether layer on the steam bath the resulting
mixture was made ﬁk&lim with sodium hydroxide.

' The sclution was warmed to the boiling poimt to melt |
the naphthalene, snd thus set free any included alkali
| soluble matter. After cooling, the naphthalene alang
'with a very small smount of insoluble impurity was |
‘rsmed by filtration. The resulting solution was |
then evaporated down on the water dbath till the volum+
was about 250 ccs. On acidifying with hydrochloric
acid the oxidation product was precipitated as a red
'brown flocculent material. |
| If the precipitation was carried out slowly the
‘product filtered fairly easily, but if carried out too

'rapidly the substance came down in a gelatincus form

'almost impossible to filter. |
|
" In order to assist coagulation of the parttclea,i

|
' the mixture after precipitation was maintained at

|
'about 80°C on the water bath for half an hour. Arter:
Ieoouns the product was filtered off and washed with |
a large volume of cold water, a medium in which it ualt
‘almost inscluble. It was then dried to constant |
;toigat in a2 vacuum dessicator. Although the material
:m probably not quite pure the welght obtained was
taken as the yield. |
| Under/
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Under certain conditions white needles were

i
observed to form in the condenser and traps. Some of)|

' these were removed and examined. They were proved to

' be phthalic anhydride by fusion with a little m-mt%ol

and a few drops of concentrated sulphuric acid, when
fluorescein was produced. The needles melted at

' 128°%, while a mized melting point with pure phthalic

anhydride (melting point 130°C) melted at 129°C.

Identification of the Oxidation Products-
The oxidation product was purified by repeated

- precipitation from alkaline solution, until the in.

| definite melting point showed no further rise.

In some cases purification was effected by
separation from hot alcohol, but the melting points.

of the specimens obtained were no higher.

To prove that the substance was unaffected ohem..
ically by the treatment with slkali the crude material
from the tﬁps was worked up by other methods. !

(a) In order to remove any free acid the crude

material from the traps was dissolved in the minimum

quantity of glacial acetic acid, and thrown out by
addition of water. After filtering and washing with
water the solid was subjected to steam distillation
to remove the naphthalene. During this last process
some slight decomposition appeared to take place so
the/



|
|
|
|
i
]
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the product was again taken up in glacial acetic acid
and filtered free from insoluble matter. On dilution
with water a2 red dbrown amorphous matsrial separated.
After being dried, this possezgsed the same melting
point and properties as the alkali treated product.

(v) Another specimen was freed from acid as des-
cribed Mo and after drying was heated tc about
190°C under a pressure of one millimetre. The naphtha-
lene sublimed out, while a small amount of o0il dis.
tilled off. The residue after separation from a small
quantity of decomposed matter was similar to the |
alkall treated specimens. | |
Treatment with 1 Hydrazihe:-

A portion of the oxidation product was heated

for several hours in acetic acid solution with phmyI:
hydrazine hydrochloride. A tarry material separated
on pouring into water. Fo recognisable products,other
than the original mtcri&la could be extracted from
this tar. In aqueous alcohollic solution, and in

' acetic acid solution in presence of sodium acetate,

similar results were obtained.

Analysis of Ammonium Salt:~ A weighed gquantity of

the oxidation product was dissolved in very dilute

's.q:m:ma ammonia and the resulting sclution boiled

until the escaping steam was free from ammonia. The
combined ammonia was then determined by the direct
method in the usual waye.
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Analysis of Silver Salt:~- An excess of silver nitm:to
| was added to a solution of the ammonium salt, proparoﬁ
as above. The silver salt which separated was filt.ertjbd
off and washed with water till free from mitrste.
The salt was then dried in an oven at 110° to 120°C.
' A welghed specimen of the dry salt was then oonvortod;
| to metallic silver by ignitiom. |

Titration at a Hydrogen Flectrodes- A welghed quan-

tity of the substance was dissolved in a known voltme!

|
of standard sodium hydroxide, and titrated back at !

a hydrogen electrcde with standard sulphuric acid. |
! The end peints were however unreliable due no doubt

to the nature of the compound, and the method had to |
be abandoned.

Treatment with Acetic Auhydride:- The "Thiele Acetyl-
| m_m.‘fem for qninunoa was tried out. A qua.nt:ltyi
!ofthesﬂmtmm slowly added to a mixture of |
' ninety parts of acetic anhydride and ten of oommtrmi-
| ted sulphuric acid. Wwith benzogquinone, naphthoquinonqia
 etc. heat is developed during this process, and the :
mixture has to be cooled in order to control the re- |
: action. In this case no evolution of heat occurred,
and therefore the mixture was heated to 80°C on the
water bath for several hours. On pouring into water
a tarry material separated. This was filtered off
and extracted with hot alecohol. The alcoholic solu-
tion/



'solution was boiled with animal charcoal and fntored:
hot. The solid which separated on cooling, was how-
‘ever soluble in alkali and did mot differ from the
'starting material.

| Another method was tried out by boiling in a
!mixtm-o of five parts of pyridine and one of acetic
‘anhydride. After one hour the mixture was poured into
| water and the precipltate collected and washed. It

proved to be the original substance unchanged.
| |
i'rmtmt with Potassium Permangsnate:- A guantity
'of the oxidation product was dissolved in 1¥ sodium

hydroxide. The resulting solution was heated on the
water bath, and then while stirring vigorously a
'solution of potassium permanganate was run in till
éthe colour of the resulting turbid mixture was seen
to be tinged with purple.

| After cooling, the mixture was acidified with
?sulphm-.to acid, and the excess of permanganate along
?wit.h the precipitated manganese dioxide destroyed with
sulphurous acid. The resultant solution was slmost
célourless and was extracted with ether. The ether
was removed and the resulting viscid mass doiled with
a small quantity of water. A small amount of & red
material remained undissolved. This was filtered off
hot. The solid which separated was phthalic acid;
this was confirmed by the formation of fluorescein
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'on fusing with resorcinol in presence of concsnt.rated!
sulphuric acid. ;

The red substance insoluble in hot water was |
soluble in alkall and reprecipitated on acidifying, !

and was not further attacked by alkaline pamngam.tef
Phthalic acid was also produced by oxidation uth

mid permanganate. In this case the substance was

|dissolved in boiling glaclal ascetic acld, and the

|
permanganate, dissolved in acetone, run in as bofore..

|
The subsequent procedurs was similar to that des- |

‘ cribed above.

!
Treatment with Reducing Agents:~. 1 A4n alkaline solu-l:-
it.ton was shaken with 57 sodium amalgan in an atmos- l
:phm of hydrogen. §o colour change took place and l
‘on acidifying the original compound was rcpmip.tt.sted
tmchnngad. g
‘2  An alkaline solution shaken with zinc dust in an
iat.nospharo of hydrogen gave similar results.

| 3 Boiling with zinc dust and hydrochloric acid was
!ulsc unsuccesaful.,

: 4 An acetic acid solution was boiled with titanous |
' sulphate solution. On pouring the mixture into water
!t.he original substance was recovered unchanged.

;_q Boiling with zinc dust in acetic acid gave similar
' results.

6 An alkaline solution was treated with sodium

‘hydrosulphite. On acidifying the starting material

was recovered.



1 An alcoholic solution boiled with starmmous chlore
'4de also gave negative results.

ir*{ntmt with Bromines -

|
1 An acetic acid solution of the oxidation product I
wvas treated with bromine. No reaction appeared to !
|
take place but to test this point the solution was |
poured into water. The solid which separated was
filtered off and well washed with water. It was founl
to contain no bromine.
2 A solution in concentrated sulphuric acid was
treated with bromide.bromate solution. No absorption‘
‘of the bromine liberated took place. |
:_5_ Bromine was added to an alkaline solution of
lm oxidation product. On acidifying a solid which i

;;é!id not contain bromine was thrown down.

|
|
]
|
|
|
‘ ) T B D A
|
|
|
|
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|
SUMMARY.

:nitrogea along with air through a zone heated to

gm"c. with 2 short time of contact, x-nitronaphtha-

!lmmobtainoduptosnoldorm.

By passing naphthalene vapour and oxides of

|
! Under similar conditions at a tempersture of

' 600°C. naphthalene was oxidised to ;s'-Dinaphthyl

| 3,3' Dihydroxy 1,4-134'~ Diguinone. Yields up to
5.667 were obtained.

i In the vapour phase oxidation of naphthalene to
phthalic anhydride it is probable that ﬂfs’-nimphthyl
| 5,3'-Dihydroxy 1,4-1",4'- Diquinone is formed in the

' stage before rupture of the ring takes place.

!
| In conclusion the suthor wishes to acknowledge

|

' his indebtedness to Dr David Bain for much helpful

| advice and encouragement given throughout the course
of this work.
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