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INITRODUCTION

Much work has been done on the reaction of ozone with the
ethylenic type of linkape, but the effect of ozome on groups
such as the carbonesulfur double bond is practically an unex-
plored [ield.

1
Weyl passed ormonilzed alr through a water solution of

thiourea and found that sulfur was vreclpitated and that the
resulbing solution contained sulfuric acid. Ie mads no attempt,

however, to debermine what havpened to the nitrosen in the thi-

ourea, or to meke a quaentitative s

droren peroxide on bthioureas. According to Darnett™,a neutral

HH= C(ﬂﬂz}—802ﬁ, aminoiminomethanesulfuric acld, which melts
at 144° ¢,

3 {ound that aminoiminomethanesuliuric acid is

Kitamarsa
formed by the oxidation of thilourea with hydrogen peroxide in
neutral solution, but that oxidation by the peroxide 1n basic

solution gives ureas. After studylng a large number of sullfur

e}

1 Ph. Weyl, Chem. Zeitungz 25, 292 (190

)

Tdward Barnstt, J. Chem. Soc. 97, 63 (1910)

“ R. Fitamura, J. Sharm. Socs. Japan, 55, 300-49 (1835)
C.A. 22, 5210 (1935); 57, 5l-4 (1937),
C.A. 32, 3342 (1938); 50, 33-6 (1839),

C.A. 33, 1726 (1939)




conmpounds, ke made the general atatemsnt that any comuound
of the type -¥ = 0«34 or H-N-C = 5 would be oxlidized by a
basle sclution of hydrogen peroxide to E«Li-C = 0.

Herrera4 reviewed and critlicised Kltamura's work. Ie
found that while most compounds of the type I~H-0 = 3 are con-
verted to H=H~C = 0, thiourea 1s an exceptlon and is Instead
converted Into a light yellow compound "probably an isomer of
thioursa'.

Thusg while the results of The oxidation of thioures with
hydrogen peroxide in acld solution is fairly well established,
its reactlon in basic solution remalins controverslial.

The purpose of fhls work s to complete the investlga-
tion bepun by ¥Weyl of the reaction of ozone on an aqueous solu-

tionn of thioures.

4 —
Je Jlmenez Herrers, Anale

o77-56 (1935 ) B
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APPARATUS ATD FATTNIIIALS

The ozone used was produced by mesns of a2 simple labo-
ratory ozonizer5 the details of whilch are shown in Plgure l.

LM represents two U-tubes filled with activated alumnia
for drying purposes. "B" is a flow meter whose manometer [luld
shthalates "CY is s large battery jar which contalns
water. At D" are two pyrex laboratoery condensers jolned toge-
ther, and at "2" ave two corks through which a longz lead wire

—_

erves as an electrode. The lead wirss are Immersed in & O per

tn

cent sulfurle acld solution, and are weighted to hold them in a
vertical positions.

At "F" gre ground glass joints which rust te used because
of the action of czone on rubber. 3" is the reaction flask and

":3" is the ozone destroyer whilch contains molstened sodium hy~

The potential difference (8,000 V.) between "E" and the
vabter In the jar is lurnished by a neon slgn tronsiormer.

| The condenssrs sre sunported by a ring stande.

The thiourea furnished by the Eastman Kodal Company was re-
crystallized from wabter giving a product which melted at 177.5-
17845° Ce {uncorras)

A1) other chemicals and reagents were {,F, grade unless

otherwise specilied.

See Smith, Je Ame Cherm Soce 47, 1844 (1925); A. L. Henne,
ibhide. 51, 2676 (1929)
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METICDS CF CALIBRATICH

1. CALIBRATICH OF FPLOW METERS.

Since a capillary type flow meter was used 1n thils work
and it does not have sufficlent latitude for both slow and ranid
retes of flow, three dlfferent slize caplllaries were used. The
calibration of one of these 1s described,

The alr in a 5-gal. bottle was displaced by & stresam of
water which flowed at a constant rate. Thls stream of water
was supplisd by siphonling water from a constant level bath Into
the bottle throuzh a Z2-hole rubber stopper. The displaced alr
was made to pass through the flow meter, and the readlng of the
moter taken. PFelow ls the table of results for the smallest

size capillarye

TABLE I
Rate of flow, liters/hr. "h'", flow meter readingz
1.9 11.0
Sed 27 e
4.4 4740
5.0 5840

The results are shown graphlecelly in Flgure 2.

2. DETERNINATICE OF TIM APPRCOXIHATE YIELD OF THIEZ OZONIZER.

It 1s desired to know the approximate yleld of the ogone-
izer so ag to get some ldea of its efficlency, and for compari-
son with the.ozonlzer used by other investlgzators.

The procedure used in running the asnalyses was that used

by Smithe, and a brief descriptlon will be given.

 Lee Smith, J. Am. Chem. Soc. 47, 1548 (1925)







creases snd the percentage ozone decreasess. The relation
hetween the rate of Fflow and the percent ozone 1s of no lm-
pvortance in the prssent problem, bubt the relation betwsen
the rate and the weight of ozone dellvered per hour is of
irtersst. By means of the plot of the flow metier reading
versus grams of ozone per hour one can calculats the total
grams of ozone used in a rcactlon.

The experimental results are shown in the table be-

1

low and 5he graph in Figuvre III.

TARLE III
"iY . Plow Meter Reading Grams 0=z per Hour x 100
240 8.l
Cel S.2
Sad 1447
S8 13.5
444 18.0
S.0 2065
Sel 19.6
5.7 22.8
75 282
Sel 2045
Ee8 3248
1043 56 48

Trom the graph it Is noted that the function is prac-

tically linear.
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PRCOETURT AND DISCUS3ICH 0F RESULTS

Sefore the reaction of ozone on thiourecs was started,
1t was decided to test the effect of oxygen on this compound.
Cxvgen was passed throush an aqueous neutral sclution of thi-
oursa, obut theres was no reaction.

When ozone was passed into a neutral aclutlion of 0613
mol (10 g) of thiourca in 400 cc. o distilled water, it was
absorbed completely, even with rates of flow as hizh as 30 1li-
ters per houre. In about ten minutes milky sulfur had appeared
and in aboubt two nours a precipltate of amorpnous sulfur had
accumulated on the bottom of the flask. After the absorption
of 0.36 mol of ozone {(twenty hours) reaction coaseds

"he sulfur was filtered off and the resulting solutlon
eveporateds. During the cvaporation of the solutlon large a-
metnts of sulfur dioride were ziven off. IZven alter 1l the
sulfur dloxide was evolved the solutlon was stronsly acid to
litmus. This was probably due to the follewing WG&CLlonﬁ

5 + Oz+ HgO - HoB0y

This resction was checked by pasesing ozone throush a
mixture of vpowdered sulfur and waber. Sulfuric acic was pro-

duced in small gquantitics.

On evaporation of the sclubtion To dryness, a white,
sreasy solld resulted. The mixbture dscomposed around 300°¢.

to give s yellow solld and ammoniae.

8 Tn. Weyl , Chem. Zeltung 25, 202 (1901)




2

In an effort to purify the solid, it was dissolved in
water and recrystallized four times. The [inal product con-
sisted of pure white crystals which were easily dried to a
white powder. This substance decomposed from 300-310°C ziving

of ¥ ammonia. The reaction of sodium hydroxide upon the aub-

o
Q

stance zilve ammonia indicates elther an ammonium salt or an
amide. A water solution of the substance conducted a current,
so probably an ammonium salt was present. A posltive test for
the sulfate ilon was found and the conductlvity of diiferent con-
centrations of the salt in waier approximated that of ammoniunm
sulfate so 1% was thought that the unlmown compound itsell was

ammonium sulfate.

Analyses were run on the filrst and final recrystallliza-

A
¥

o

cn products to determine the nercentage of NH4 and 50,

The Kjeldahl method for niftrogen was run tc determine

7T + 3 ! 2 4 "

the amount of i, present, and the gravimetric sulfate method
was used to calculate the mer cent SOE. The standard Zjeldahl
nrocaedure wes followed with the exception that the materisl
did not have to he dligested hefore distillstlion.
The results are shown in Table IV.

TABIE IV

THROPSTICAL COKPOSITION anN? UETERTINATION ON
¥ (NHg )50y (N¥Hy )p304 (U.3.F.)
27 4344 - NHZ - 27 o 4%
7274 - S0z - 75405

100.0 100.4

i 1
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(HH4)9SCA + Pa(Cl), -—- 3&564 + 2 HIyOH

s y N NN - o e [ S ey e e i - oo B T 1
Te golublion was hestsed Lo urlvs oIL excess ammonid

I N 2 ~ oy r i T e b3 I S ) i
and Tilhered to romove Dartilium 8. fatz. Tarpon nloxlos was

“nsssd into the [lltrate to rracinliate axesoss varlun nydrox-
1o and the solution filtersd to remove the resuliln
carhonates The filtrate was then evaporated To dryness in the
hone that & rure or-anic compound would bs left. Only a small

manidue was leff feom wihlehl no pure compound could be izolated.

e machanlsm of ths resctlon of ozong

rialatad in seversl Jifferent ways, the one _lven telow
Leins the most nrobable.

It m he assumed Shat the first step 1s fthat ol desul-

fuplzation of the thioursca bo form wrea.

(1) (i’IHQ}OG = 5 4+ 03 — (NHB)EC =0 4+ 0Os 4+ 3

L

. £ kS . - £ = - E - v ) «
cha followlne resction i1s Ymown to ftale nlzce slow-

1y in bhe -reasence of sulluric acld as a catalyst. i
o
¥

LY T t — s 17T y ' lale

(%) (;MIL)QL; G 4+ Il —— 2 W= + CCo ‘
. .o B . ) - o
Po varify this, ozone was passod throush a weber solu-

L2 o ures acldified with svlfuric aclide. Carbon dloxide was
Sound to e oiven off, the resicue telny amnonium sullzte.
The srmonia formed in roeoction (3) will then react with

sulfzte.
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The following reactions may also take place.
(3) 23 + 205 — 2 30 + Op
(6 ) HEO + SOQ e HzS@g

2 L TI ——— IT i
(7) SO + =T, O (KE }2505

(8) (W) 305 + 5 — (1;)58,0,

That ammonium thicsulfate s actually formed 1s indi-

}

ated by the’action of sulfuric acid on the solution of thi-
curea after ozonlrzation. Ypon aclidification of this solution,
milky sulfur was preciplitated with the evolution of sulfur dil-
oxlide.

It may be concluded thnat the vroducts of the reaction of
tnionrea wita ozone are suifur, sulfur dioxide, suliurlc acld,
ammonium sulfate, carbon dloxlde and probably armonium sulfite
and apmoniuwn thicsulfats and a small amount of orzanic compound
or compounds which have not yet been ldentililed. This small
faction was finally purified to a substance which melted at 120-
123°C containisn carbon, sulfur and nitrogen. It 1= thought to

LY

be Impure urea {(m.De 1529C) whose presence can eacsily De ex-

"J

ned by the above mechanism. At thls writing, worl Is being

e

a

L3

done Lo purifv and identifly it.

Tt will he noticed that an sxcess of ozone was ussed 1in

the resction. If 10 g. of thiourea was completely convarted

L

into zmnonium sulfate, approximately 13 z. of ozone would
needsd. Actually 17 g o ozone was passed into Che reactlon
flaske Thnls may be explained partially by the fact that dur-

ins the last few nours of the czonization the ozone was only

£
i
1
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stsorbed Ly the solutieon and conseguently ths 17 g

Includes 211 tihe sxcess omone that was not used u

—

*

{

It will els0 be noticed that ozone ssams to be far more

on on thiourea than hydreien peroxicde.

l._ﬁ.

deatructive in its ach

It was Tound that eminoinminomethanesulluric acid was She maein

product in the reacviorn of hydrogen peroxide on thiourea, but
orons pas the effect of aplitiing up ths molecule completely,

Torming mostly inorganic compounds and only a small nart of
i H L2 B J g

L3

crianic producta. It seems quite unusual that so many inor-
sanie compounds should be formed from an organic comnound.

In continuing tane study of thils reactlon, it would bs
interesting to Investigate the action of substituted thiouresa
guch ag phenyl thioures, diphenyl thiourea, methyl thioursa,
etc.  Also, the ogonization of basliec and acidic solutions of

thiourzas would prove an intsrcesting and valustle contribution.
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[t

g
g
el
fé:




1. & laboratory czonizer, which gave a

SUMFARY

a 4 pner cent Dy volume

concentration of orone, was constructed.

“he reactlon ¢f czone on an agueous neutral solution of
thiourea was studled.

171

"hile ammonium sulfate was the maln »nroduect, fres sulfur,

sulfur dioxide, and carbon dioxicde werec aslso Tormed,

A mechanism for th

4]

roeaction was formulated.

Althouzh 1t was not definitely rroved, the rzaction mech-

anism Indicataz the T

o]

rration of wrea, amsicnlium sulilte,
and ammonium thlosulfate as Intzrmediate or final products
of the reaction.

A small fraction of the products consisted of a mixturs of

D= NS AL

unidentiflied orzanic compounds.
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IMTRODUCTT

A survey of the litersture revealed tnat little work
Les besn done on the action of ozone on inorzanic compounds.
The purvose of this study 1s to sec If the Collowing

reaction talies place:

Cl™ + 307 —  C1l0F 4 304

e
I—v|

ince this resction has a nezative free energy value

*t is possible. The following expsrlments have been tried to

wF

sge 1 any chlorate is [ormed.
There is a nossibility that fres chlorine or sodlum ny=-
pochlorite could be formed aloni wlth the chlorate.

16 apparatus was the same as that used 1n Part 1.
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ANALYSIS

acilon mixture was analyzed Ifor sodium chlorate

]

1
Trrmart. The solution of

vt

dlluted to the

o rk in
allcuots were talen for

cncentrated nydrocnloric acid was

sodium blcarbonate was added thires

Irmediate-

ated with 2 = of 7otassium

of conecentrated hydrochloric zeid, and

solution was tltrsted with standard Lthlo-

11

s

nlorites are vresent ther willl show

above analvsis indlcates the ab-

[

nositive rroof alsoc that no hypochlo-

ar,

w3 run on the reocvo

Vvolumetbtirle Anslwvsls, John Wileyw

')
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PROCTOURE AND DISCUSBSION OF 2

Ozons was passed through s neutral

=

of sodium chloride in 75 cc of water at =&
of twenby hours. Ab the slowest rate atta

was debtected in the exlt

il any, is a slow one.

After ozonlzatleon the solutlon was

make surs all the ozone was decomposed, an

R

was run. (See dethod of Anslysis). Ths rs
rate or availeble chlorins oressnt.

An atbempt to ozonirze a basic solut
ride was then tried. Five grams of sodium

75 ce ol water and avout C.4 ¢ of s

o

ved In
aidede <This azolutlon absofbed ozons no be
vioug ome and the analysls showed chlorate
sodium chloride was
wator and the solutlion made acld with 5 cc

e "

aclde. After twenby nours of czonization n

It waz thou kt that hydrosen psroxil

sclution of sodium chloride would catalyze
af &0 ver cent hydrozen reroxlide was added

snloride In 75 ceo of water.e A twenty nour

avs no evidence of chlorzic.

pases, thus showlng

then added to

SUL

U’l

solublon o .0 g
slow rate for a

insble, unreacted ozone

4 N

that the rsaction,
allowed to stand to
d then an analysis

sults showed no chlo-

£ sodlum chnleo-
chloride was dissol-
odium hydroxlde was
tter than Lhe rre-
to e abhsani.
el 75 ce of
of dilute suliurie

o cnlior was founac

}_'3

de added to =2 neutral

the rcactlion, 80 5 CC

to 340 o of sodium

-

run with ozone still

The use of =latinum ss a cabalyst was then tried. In this
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, ' . 1
experiment an slectrode freshly plabsd with platinun blackl
was placed in the reaction flask so that the oczone was in

contimious contaet with it. The solution was ozonized Tor

£
-

twenty nours arnd the anglysis showed no trace ©

cihilorates,
the recaction

te pravented

Sime of oron-

rzzestad that In the sevent of any [fubure work on
this reaction that it he run a2t 4different temperaturss ang thatb

L

otner wossible cetalysts e tried.
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