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PART I
ACTION OF HYDROGEN PEROXIDE ON AROMATIC (COMPOUNIS,

INTRODUCTION
The action of strong nitric acid and sulfurie
acids upon aromatic hydrocarbons takes place as if the acids
gave & hydroxyl group that reacted with the hydrogen of the
ring to form water. In this way nitro and sulfwmic groups
are introduced intd aromatic compounds. For example, we can
write the reaction of nitric and sulfufie acids upon benzene

as:

CoH 7 #oMYy —= OV + 120

Q// + H0-594 —> (__ PSGH T /20

Baeyer and Villigerl in their work upon peroxides
gave evidence to show that hydrogen veroxide reacts as if it
contained two hydroxyl groups (i.e. HO-OH). If this is the
case strong hydrogen peroxide mlght prove a ready means of
introducing hydroxyl groups into aromatic compounds and &as
water is the other producet the result should be rather pure
products.

| Leeds® has shown that when 1. 20 hydrogen peroxide
(2 mols) is heated with benzene in the presence of ferrous

sulfate, phenol is one of the products formed. A maximpm yield

1l. Baseyer and Villiger, Ber. 54,738.
z. Ber. 14,975.
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of 15% is recorded in this case.

Much work® has been doﬂe and many articles
written on the oxidation of aliphsatic compounds
(especially sugars) by 2% or 3% hydrogen peroxide.

The action of strong hydrogen perixide upon the afomatic
compounds is thought worthy of investigation and this

paper is sn sttempt to prepare 100% 2

or nearly 100%
hydrogen peroxide and to try its aection upon aromatiec
compounds s

tMuch time was spent trying to conecentrate the
commercial 3% hydrogen peroxide without obtaining a
satisfactory product. It was thought that the time which
would be reguired to‘prepare 100% hydrogen peroxide would
be so great that liptle else would be accomplished.
In order to obtain more prectice with a purely organic
research it wes decided not to attempt the preparation of
the 100% hydrogen peroxide, but to take up the problem
desceribed in Part II of this thesis.

100% hydrogen peroxide is descrlbed by Wolffen-
stein® as anhydrous prismatic crystals (d.p. 2 %) having

& b.p. of 84°C at 68mm. pressure or 69.2°at 26 mm. and

1. A recent example, J.W.E., and Milton J. Hanke.
2. The concentration of hydrogen peroxide in a n - agueous
- golution is usually expressed in percent of hydrogen

peroxide, less frequently as volume of oxygen evolved
vy complete decompooltlono

3. Ber. 7 8807, . . .
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a specific gravity of 1.458 at 0. It decomposes W th
explosive violence at the boiling point of water.

Hanriot obtained 267 vol.t hydrogen perox1de
which decomposed upon distillation in vacuoe.

Talbot eand Moodyz obtained 294 vol. Hydrogen
perokide, |

chhilow states® that he obtained 50% hydrogen

peroxide by extracting with éther a 3% solution of hydro-
gen peroxide containing sodsa.

ﬁolﬂ%nst@in4 could ﬁot confirm Schilow's state-
ment but obtained by distillation at 68 mm. pressure
99.5% 1 hydrogen peroxide. He gives the following precautions
as essential: The hydrogen peroxide must be feee from:

l. All elkaline reacting compounds.

2; Every trace of heavy metal compounds.

3. 501id Dbodies of every kind even if of an

entirely indifferent mnature.

1. See note 2 page 2. 100% hydrogen peroxide would be
- 493.5 vol.

2. Talbot and Moody, g Analyt. Chem. ( )
- 1892,650.

3. Russ. Phys. Chen. Ges., llay, 1893.

4o :Bero 27, z’)507. :
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EXPERIMENTAL

A. Preparation of hydrogen peroxide.

The hydrogen peroxide obtainable was of two
brands as put up for Medicinal use. The 3% 10 vol.
U.S.P. "M.J.W."l and the 12 vol. "DiOXJgen“. Both
came a 1itt1e below the 3% standard required b the
U.a.?harmacogiea. When opened, a few of the older bottles
showed smme pressure due to oxygen.

This 37 solution was fil&éred and evaporated
in large flat evaporating dishes en a water bath vith a
large funnel inverted over it connected +to the suction.
The funnel caused a current of air to pass over the sur-
face of the liquid eand hastened evaporation. At about
20% concentration the remaining solution waé distilled in
a vacuum digtilling apparstus at 68 mm. pressure following
closely the method of Wolffenstein?. The vacuum was obtained
by a water pump and Waé capable of fegulation to any
pressure as low as 40 mm. The receiver was a large Jjar
with five smaller receptécles inside that could be changed
without losi ng the vacuum.

The method of Colin® slightly modified was used
to determine the hydrogen peroxide. In an acid solution

the following reaction takes place:

1. "M.D.%W." , made by Mallinckrodt Chemical Works.
2. Ber. 27%,3307.
S Qhem. Zelt. 9, 440 and 916.



2Kin0 4+ BHp(B+ BHeS04 ----KpS04 2304 + 8HgO '+ 5 Op
resulting in the wedietion of KinOy by HgOp. 2ce. of
hydrogen peroxide solution is.pipetted into‘a beaker,

300 cc. water added and 1 ce. 6N HpS04, standardl

XiinOy4 éipetted in slowly until a faint pink color persists

after constantly stirring for 1 minute. For concentrations

7

above 10% a small s=mple is weighed out and diluted up to
100 cc. and & portion only pipetted out snd assayed.

Commercial hydrogen peroxide usudlly contéins
smalll amounts of HC1l, Hg30y,, HzPO4, and HF, alumina, lime,
magnesia, potash, =nd soda. If carelessly made Bs and trac-
es of Fe, Cu, Pb, amd Hn‘may be_ present. A little
acetanilide is frequently present as a sfabilizer. The
stock used gave negabive tests for the heavy metals.

The yield of 20% hydrogen peroxide obtained by
concentrating the 3% solution on the water bath averaged
about 88%. If evaporsted very rapidly the yield is lower,
and if very slowly a better yiéld is obtained.

By fractional distillation at 68 mm; pressure
tinis approximately 20% hydrogen peroxide gives verv dilute
distillates at first, the boiling point rises slowly and

the impurities in the rensidue become so concentrated that

the hvdrogen peroxide gecgomposes and distillation has to

1. Standard Xin04 solutions (0.2492 and 0.41440) were
made up approximately, allowed to stand & dey or two,
end standardized against NasCpl, by alizuot method of

1Y g}

" - 1 QN { ¢ ot
H. B. “Sgctlack, Jour,. &m. Chem. 30Cw.,, 40;. 620...
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be stopped. Distillates oblbained were ell less than 14%

i

concentration. Upon co.ling, the residue in the fla

q S .
13

o
u

discolored and forms a sort of jelly due to impurities
settling out. Since a part of this jelly when filtered off
»nd evaporated to dryness geve & non-volatile white residue
that gave negative tests for organic conpounds, it could
not be the:acetanilide that it rezembles dbut nmust be of
inorganic nature at the highér concentration. Iwo attempts
were made to extract with ether. In the firét an impure
solution containing 51% hydrogen peroxide was shaken up
with ether and the layers separated. The équeous laver assay-
ed 41% hydrogen peroxide and subjecfed to digtillation at
68 mm. pressure gave & hoiling point of sghout 77%C and &
very small amount of distillate. of 45.9% nydrozen peroxide
concentration. The ether layer took out 20% of the total
hydrogen wperoxide and was slightly discolored. When evapo-
rated svontaneously this ether layer left a brown residue
in the dish.

In the sedond attempt a 3% solution was extract-
ed with ether and then *%ﬂ aousous layer evaporatbted and
distilled at 68 mm. pressure. A boiling point of 61" was
obteined as against 52° without any extraction.

The following table shows a summary of

evaporation at atmospheric sressure in an open dichsi



7

Ho.  Grems % Grams Ho02 vield
b o 55 G &
at 1202' at a? i

start end end.

1 434 2. 3% 20 34.00 70

2 845  2.99 110 20.2 88

5 899 2.83 115 ———— -

4 887 2.86 100 21.88 86

5 945 2,99 144 17 .30 88

6 1145 2,16 135 12.50 74

v 945 2,99 145 17.20 87

g% 981 —— 232 10.5 97.5

# It is of interest +to note that all came a little below
the U.3.P. recuirement of 3% Hg02.

% o. 8 was extrected with ether wefore evaporation.

Distillation in Vacuo.

No. 1.
150 grems of 19.4% Hp0s.
Pressure b.p. of termp. of 505 in  “¥p02 in  loss of
m. He.  HpOp sol'uz.water bath. distillate distilling 1202
' licuid %
o ° .

70 530 62 C «B815

64 52 62 .92 37.8 18.4

65 52 66 272 51.
# .

Continued distillation of 43 grams 41% H20s.

64 55 G 69 ©

66 61.5 80

68 70 85 14.2
64 7 86 43.97

#S>topped at this point as contents of distilling flesk were
decomposing rapidly. The residue in flesk was almost solid
jelly.
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Distilletion in vacuo. (cont'd)

Ho. 2.
£82 grams of 19.4° H202. |
Pressure  b.p. 6f témp. of Hs02 in
mme Hz. HgOs sol'n. water bath. &ia?illate.
, : %
68 52°%c 65°¢ .8
70 54 68 1l
68 60 76 5.0 (54 - 60}
68 60 78 6.5 (60 Dbap.)

Ho.3.
Extracted two 1 1b. totitles ‘of hydrogen peroxide
with ether, evaporated on water bath, and distilled in vacuo

the resulting 232 grams of 10.57 hydrogen peroxide.

Preésure bep. of temp. of ﬁgOz in

mm. Hg. HgO0o sol'n. water bath. distillate
65 470 60° 0

to 65 48 . - 66 .23

" 68 49 71 .60

" 65 49 69 .68

" 62 56 71 2.20

" 68 61 C72 9.2

Stopped distillation here as sclution was deconmposing rapidly.

£

B. Action of strong hydrogen peroxide on phenol snd aniliine.

3ince no satisfactory results were secured from
the distillations end no workahle amounts of concentrated

hydrogen peroxide were obtained this part consists only of =
few test-tube experiments the results of which are incon-

cu



clusive.

The strongest sdlutions were the residues in the
distilling flask and were of necessity the mowt impure.
The mixtures obtained were mnot analysed as they were small
in smounte.

1. Action of ferrous_sulfate on strong hydrogen peroxide.

Leedsl used ferrous sulfate as a catalyst in obtein-
ing phenol from benzene. As he used only 1.2% hydrogen per-
oxide the purpose of this pxperiment is to éscertain the
stability of strong hydrogen peroxide in the presencé of
ferrous sulfate. |

The sddition of 2 drops (23% ferrous sulfate
solution) to lee. of 17.5% hydrogen peroxide caused rapid
decomposition resulting’in the formation of 51 cc. 02.

Complete decompogsition would give 57.4 cc. | '

Result, 51/57.4 89% decomoosrtlon.

R Action of strdng hydrogen peroxide upon phemnol.

| Two grams of 4,~ hydrogen peroxiée were added to
1.2 grams molten redistilled phenol (b. p- 182.6° C) The
next day the solution had turned redder. There were Sulll
two definite layers of nearly the same volume &8 the
orighnal, so it seems no qonsiderable action had taken
place. The addition of a little concentratedssulfuric acid
turned the =0 lution black, due to charring.

3. _Action of 44% hydrogen peroxide upon ahiline.

2.4 grams 44% hydrogen peroxide added to 2.7

l. Ber. 14,975.
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&Tams aniline. The mixture turned drown but the hydrogen
peroxide did:inot decompose noticeably. The two layers
upon standing had the same relative vdlumes as at start
so probably 1little if any acfion had teken place.

4. 5. 6. Action of 60% hydrogen peroxide upon aniline

Sﬁlféte.

| To one mol e&mihine added 1/2 mol sulfuric acid.’
until s0l1id vwhite aniline sulfate was formed. 1 mol
hydrogen peroxide,wzf€ mols, &nd. a-large.excésdrof hydrogen
peroxide was added to the solid aniline sulfate in the three
different experiments.

In each case the hydrogen peroxide had to be
added slowly and the solution codled to avoid heating
and rapid decomposition. The solution at first turned s
delicate blue, then darker as the sulfate dissolved, and
finally turned black. If a long fime is taken the ection
can be completed and‘no rapid decomposition noted. If
allowed to heat up the mixture boils vigorously, and the
action becomes almost explosive in its violence.

No analysis of these black mixtures was attempted
because of the limited amounts at hand ané the impurity of
the hydrogen peroxide used. To obtain an ahalyzable
amount would have necessitated preparation of fresh amounts
of concentrated hydrogen peroxide, which did not seem

advisable with the limited time availasble.
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SUMMARY AND CONCLUS IONS

It was thought +that strong hydrogen peroxide,
above 80% would act as = very good method of introducing
hydroxyl groups into aromestic compounds.

Attempts to prepare concentrated hydrogen peroxide
by distillation of commercial 3% hydrogen peroxide failed
due to impurities decomposing the solutions.

Test tube experiments with theselimpure resddues
gave no conclusive results.

The conclusion ié reached that:

1. A concentrated solution of hydrogen peroxide if

pﬁre would be stable enough to work with.

2. This work has produced no evidence tending to

ﬁiow that the proposed method will not be success=-

ful,

3. To obtein +this pure hydrogen peroxide some

other means than evaporating the commercial

Produect must be used.



PART I1

AN ATTEMPT T0 PREPARYT DI-P RA-DI-AIINO-PARLDIZTWNVL-RENZETS,

IZpR0DUcmIon

The diazo dyes are derived from diszo bhodies &nd

from phenols, amines, or their sulfonic acids. Ihenyl
diazonium chloride (or diazo benzene chloride) =md

a-nartnol sulfonic aclid form d-napthol-2-azo-henzene.

Py

on o N
Omars (e O\ %

By diazotizing bhenzidene, NHQC6H4_06E4NH2,
tetra-ano=dighenyl-crloride i3 formed. G hult"l has

ahovn that henzidene has ihe structure:

Then conzo red, the rondensaticn prodauct of 1 mol tetrazo-

diochenyl-riloride znd 2 mols =odium nzaothionsate“has the

structire:

NH, 50, Nq - NHS > 50;Na

1

The next member of the series wo 1ld de a diazo

1. 4nn. 174,(1894),227.

Ze Ds7uP. No 28783, Feb. 27, 1884.
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body conteining three benzene residues and can hs made
by nitreting and then reducing the di-pars di-nitro-

compound of {the hydrocarbon, p-diphenyl benzene. This
diamine LQ/V<::>‘<::>“‘4::3>/V/11_ is not descriped in

the literature. This

e}

aper is a description of some
preliminary work done ftowards obtaining this amine and
the tetrazo body obtained by treating its hydrochloride

with nitrous acid:
c-NA_ ) A »N.-cl

It would be of interest $o find what type of dyes

(if eny) this heavy tetrazo-body would make by combination

with conplex radicals.
For example, would 1 mol combine with 2 mols

sodium napthionate To form:

NH: 50;Na NH: 50; Na
?
Stebbensl obtained a tetrazo hody of the strue-
= N~ }“CH ~-N=N
ture N":t‘ O & md found that he obtained the

expected addition product with sodiume-napthol sulfonate,
which differs from congo red in that it will not dye

cotton without a mordant:
N=N~( >' CH&G'N'—:N

oH S0, Na o By bia

The effect of changing the -CHp- radical to

1. Jr. Ind. and EZng. Chem. 10,445.



-CgHig- will be the main interest of this work.

The nstural sterting point for thisccexperiments

would be the hydrocarbon 018H14’ p-diphenyl benzene.

This hydrocarbon has been obtained in small amounts as

one of the products formed when benzenel, and mixtures

of benzene and toluene?, srepassed through hot tubes.

It is also formed by the action of &thyl iodide on po%-
agsium benzeneg, by the asction of sédium on ménobrom-
benzene4, and on a mixture of para-dibrombenzZene and mono=-
brom benzene®, snd when diazobenzene chloride reacts with
diphenyl in the presence of anhydrous asluminym chlorideb.

The yields obtained by means of gll these |
syntheses ®re very small, however, so it was thought
best to erploy #ddirect methods for obtaining the hydro-
carbon. The methods proposed necesgsitated the use of
para-aﬁino-diphenyl which can best be obtained by one of
the following nethods.

The farst isAthe diazo resction of R. Hirsch?
in which he diazotized C5H5HHg, converted the diszo com-
pound into diazoamino benzene, and heated the latter with
a large excess of aniline. He distilled off the aniline
and after neutrelizing, precipiteted the pars-amino-
diphenyl as its sulfate. The author tried this reaction

three times carefully and got only a very small yield, so

l. Schultz, Ber. 6, 415.

2. Cornelley, J. Chem. Soc. 37, §l2

3. Abeljanz, Ber. 29,11.

4, Weiler, Ber. 29, 11l7.

5. Riese, Ann. Chem. Phar. 164, 161.(Compare Chattaway and
- Bvens, J. Chem. Soc., 69, 981)

6. liohlan and Berger, Ber.26, 1998.

7« Ber., 25541973.
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amall that the method was of no value in obta ning a
workable amount of pars-smino-diphenyl.
The second method consists ofAthree steps and

can be grephiceaelly shown thus:
NO2

OO e, ST
X0, gmp (O—<CONn,

Diphenyl was médde ss descriBed by Fisherd by
passing benzene vapours thry & red hot iron tube. The
nitration by the method of Efibner? gave a good yield and
easy separation of ortho. and para products. The pare body
is precipitated by addition of a small amount of water
and is obtained pure after ofle crystellization from alcohol.
The reduction was easily accomplished in glacial acetie
acid with zin¢ dust. The amine distills over with séeam,
but at a very slow fate, and is obtzined fairly pure.

A long time is required and a large volume of distiliate
is obtained, but as the product is very slightly soluble
in cébd water, the method ig well worth the expenéiﬁure of
time involved.

For §repari g diphenylbenzene from the smino-
diphenylk three methods were considered. One would have
consisted in diazotizing the para-emino-diphenyl gndmsc
treating with a large excess of aniline. The diazo-amino
compound formed would be changed to emino diphenyl benxene
1. Anleitung sur Darstcllung orgenisher Preparfte, Braun-

schweig, 1908, P.64.
2. Zer. 8, 8711. : ,
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by the application of heat, as in the method of Hirgenl.
This o mpound could be diazotized and the resulting diazo-
body reduced to the hydrocarbon. But as the Hifkh conden-
sation was not a success in the preparation of para-smino-
di_phenyl, the method was discardeds A second method would
have consisted in treating dry diézo-diphanyl chloride
with benzene in presence of slumingm chloride yielding
the hydrocarbon directiy. The third would be to diazotize
para-amino-diphenyl in aéueous gsolution and treat with an
excess of phenol according to the method of Hirsch? for
obtaining p-hydroxy-diphenyl. This should give hydroxy-

' para-diphenylbenzene, which when distilled with zing dust
gh ould yield the desired hydrocarbon. The steps involved
are as follows: |

Method Hoelw

XN O Omer 2 () et
CORKON=N-N(T) -ttt Y () g, TGt
O- OO — (O

1. loc. cit.
2+ Ber. 23,3705,



ﬂL’?-

)

Me t.”. “d IIO. Z .

| D_D;NHl-_iic_L_) Q-DNH@WNZCI
Method Noe Je
OO e N g BN N (g

2 OO

The hydrocarbon, rara-dipheny;-benzene gives

when brominated, di-para-di-brom-diphenyl-tenzene .
. Jonsequently when nitrated it would be expentsd to give
di-para-dinitro-diphenyl-benzene, which on reductinon s

should give the desired diamino-diphenyl-benzene.

(OO s NaxXOOAOM = i OO w

1% Olgiati, Bar. &6, 5294,
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EXPERIMEN TAL

Breparation of dirhenyl.

Brepared diphenyl by paésing benzene ¥vapours
through a heated iron pipe filled loosly with pumice
pleced in a combustion furnace and heated to a high red
hest as described by Emil Fisher. The apparatus was fitted
with a condenser to return the CéH6 to the boiling flask
and so éamplete the circuit. Time was thought to be a
factor in the yield of dipuenyl so the process was arranged
as nearly automatic as possible, requiring sttention only
in case of possible accident and fire. But this was
reduced to a minimum by using an elecfric heater to boil the
Cellg and partially surrounding the fumrnace with asbestos
boards .

| fn the first experiment 350 cc. CGHG was put
into the flask and the process kept up for 14 hours. The
Ceg was distilled off. The boiling point went up répidly
to 240 , a frection Wés collected between 240 and 270
and geve by recrystallization from alcohol 73.5 grams
of pure diphenyl of m.p. 70.5 . A 47.6% yiéld'of diphenyl
was obtained calculated’from the losé in weight, which
was asgumed to be benzene.

Smith and Lewcockl conducted smome experiments
on the production of dirhenyl by pessing benzene dapour

hru tubes of different sizes using different catalytic

agents. They conclude that carfon Goes not catalize

1. J/ Chem. Soc. 101, 1453.
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the action and that {the carbon aiter some time causes
the action to stop.
To check fhis the apparatus was not changed and
200 cec. benzene passed thrw aguin for £ hours, giving
a yield of 5.5 grams. This is 2.7 grams per hour as
compared with 5.2 grams per houf in the previous experiment.

There is & loss in efficiency with time.

Preparation of para-smino-diphenyl by the method

of Hirsch.l

50 grams (1 mol) aniline an: 2.5 mols hydrochlorie
acid is diezotized with a solution of 39 grems sodium
nitrite in 100 cc. water followdd by addition of 950 grems
CeHplNHg and thoro shaking. The aniline 1ayér is separsted
énd dried with caleium chioride. The mixture is hesated
to 150 in an o0il bath uhtil nitrogen ceases to be evolved,
the temperature gradually incregsed to 160 and exdess
.C6H5EH2 distilled off up to 200 . Distillation is stopped,
the basic mixture cooled, heated with ten times its vol-
ume of water and made acid with hydrochlorié acid. At
this point the solution turns a deep red, due To formation
of amido-azp-benzene hydrochloride. By careful neutralization
the red color digsappemrs and by careful addition of sodium
hydroxide the greater part of {the dissolved emido-zzo ben-

Z€ne geparates, and can bde filtered off. The solution is

1. Ber. 25, 1973.
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treated with sodium sulfate to bring down the amino body
as the sulfate.

This éxperiment was tried three times and in each
case the yield was very poor and only & very small yield
vf impure product was obtained. In the first case the
calcium chloride used for dryiﬁg combined with the aniline
causing & loss of aniline and the dissolved product.'
Anhydrdus sodium sulfate was used in the next two exﬁeﬁﬁmﬁu-
ments .

| The yield of the precipitated sulfate was very
small due to inability to get the proper concentration of
acid.

Preparation of pers-nitro-diphenyl from diphenyl.

Dissolved 45 grams dirhenyl in 180 grams of
glaciael ecetic scid and slowly added a solution of 144
grams fuming nitric acid in 144 grams glacial acetic
acid. Heated on water bath for an hour. Cooled and added
90 cé. water wnich Dbrings down the paré compound almost
completely. Iffl a lerger eamount of water ig added, about
equal in volume to that of écid, the impure ortho-body
separates as an oil. The pars-nitro-diphenyl crystalizes
from aleohol in long, hard, yellow needles of m.p. 114 .
Yield of para body is 30%. - |

Preparation of pare-smino-diphenyl by reduction

of para-nitro-diphenyl.

Dissolved 3 grams 012H9N02 in 30 ce. glacial



21

acetic acid and added slowly 6 grams of zing dust. This
is 100% excess. Heated between each addition to boiling
point of acetie acid under a reflux condenser. Steam
distilled after meking alkeline. Upon coolingllustrous
flaky érystals of the amiﬁe camé dovm. The amino body
is very slowly volatile with steam and it takes a long
time and a large volume of distialate to bring over all

the amine. Yield was not determined but was about 50%.

S UMMARY

Prepared diphenyl by passing benzene vapours
thru a hot iron tube.

Attenpts to-prepare para—amino-diphenyl by
diazp reaction of Hirsch were not successful in obtaining
a Woikable amount of the amino ®Body.

Nitration of diphenyl gave.a fair yield of pure
para-nitro-dishenyle.

Reduction éf para-nitro-diphenyl with zinc in
glacial acetic acid gave para-amino-djhenyl.

Completion of the work was prevented by the calling

of the author to the colors.



