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INTRODUCTION

In all branches of chemistry ozone has been found 
to be of considerable value« The addition of ozone to 
the ethylenic double bond, followed by reduction and the 
decomposition of the resulting ozonides, has been 
described (3 ) as the most general and reliable procedure 
for oxidative cleavage with simultaneous location of the 
double bond« The inorganic chemist has studied the 
action of ozone on various solvents < I4.) and on alkali 
metals, ammonia, and substituted ammonias (15)« The 
biological chemist has employed ozone in small concen
trations as a disinfectant, and industrial engineers 
have labored to combat its toxicity concentrations (9)*

Although ozone was discovered as early as 1785# its 
usefulness has been realized only within the last forty- 
five years. In spite of Its relatively unknown uses and 
possibilities in the chemical field to the average person, 
most of them have experienced Its presence without know
ing it« Ozone occurs in the vicinity of electrical field 
transformers and transmitters, or any region of an 
electrical discharge in air. It is detectable after an 
electrical storm because its presence gives the air a
fresh odor
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Previous laboratory ozonizers have been constructed 
using varying amounts of secondary voltages, soft and 
pyrex glass tubing, difforent amounts of surface area 
over which the oxygen passes, various conducting mediums 
and electrodes, and some have made the conversion from 
pure oxygen while others have used air as the source of 
oxygen. Every ozonizer is slightly different from all 
others in construction as well as in percent conversion. 
The purpose of this investigation was to construct an 
ozonizer and to calibrate the percent conversion of 
oxygen to ozone.



THEORETICAL DISCUSSION

The theoretical treatment of ozone must take into 
consideration primarily the structure of the ozone 
molecule. Many arrangements of the oxygen atoms have 
been presented (12), of which the two most commonly 
considered in the past have been the cyclic structure 
in which the three oxygen atoms are bivalent, and the 
chain formula of Harries (6), adopted by analogy to that 
of sulfur dioxide. The pronounced reactivity of one of 
the three oxygen atoms in the ozone molecule is not 
accounted for by either of these structures. The shape 
of the 0^ molecule is definitely known to be triangular 
from electron-diffraction experiments* The ring formula 
I with single bonds is not in agreement with absorption 
spectra and bond length data. The measured bond lengths 
are 1.26a ., much shorter than calculated for the
oxygen molecule bond length. It is proposed by Lewis (10) 
that the molecule has one double bond and one coordinate 
link. The actual state is a resonance hybrid between the 
forms II and III.

The bond angle is doubtful, values of 127° and 5T|° being 
given by different Interpretations of electron diffraction

II. III.

Î
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data (11)*

There is believed to be in ozone, accordingly, one 
oxygen atom held by a coordinate valence bond, which 
should account for the abnormal reactivity of the molecule. 
This atom would be repelled easily, would exhibit a 
tendency to complete its octet, and would facilitate the 
addition of the molecule to the carbon to carbon double 
bond in unsaturated hydrocarbons.

Ozone for laboratory use has always been prepared 
by the action of the silent electric discharge upon a 
stream of air or oxygen.

Silent Electrical  ̂ 20Discharge 3 68Kcal
( 11)

Although dielectrics other than glass are used in 
commercial ozonizers, they do not give a percentage of 
ozone high enough for laboratory use. The desired percent 
conversion in the laboratory is from 3 to 12 percent. A 
greater conversion is difficult to handle because of its
extreme activity upon most substances and its toxicity.

Practically all laboratory ozonizers employ the 
Berthelot tube and are modeled after the one originally 
constructed by Harries (6). Good ozonizers of this type 
have.been described by Briner, Patry and de Luserna (1),
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and by Church, Whitmore, and McGrew (2). The ozonizer 
described In this paper is a modification of the one 
described by Smith (13)# as improved by Henne (7)# and 
by Smith and Ullyot (11+) and Greenwood ($)• Henne and 
Perilstein (8) described a modification of their 
ozonizer in which the inner electrode was a tube filled 
with mercury; the outer electrode was water cooled.

In this investigation, the rate of flow of oxygen 
was measured at different pressures. The oxygen was 
run through the ozoniaer at the same pressure and the 
converted ozone absorbed by passing it into a potassium 
iodide solution. The iodide ion was oxidized to free 
iodine and this was titrated with standardized sodium 
thiosulfate solution with a starch indicator. From the 
amount of free iodine present, the moles of ozone 
produced were calculated.* The percent of conversion of 
oxygen to ozone was then determined.



EXPERIMENTAL
Description of Apparatus 

Purification Train
A sketch of the apparatus is shown in Figure 1. Oxygen 
from a cylinder, A, fitted with a reducing valve, B, 
was led to a pressure release tube, C. This was a T-tube, 
the long arm of which dipped into a teat tube of mercury* 
The height of the mercury column was about 2 to 3 cm*
Part, D, was a flowmeter, the U-tube of which was about 
20 cm. long* The bore of the capillary was 0*5 mm. in 
diameter. The flowmeter tube was filled about half full 
With mercury* The flowmeter tube was connected to a i|.0 cm* 
condenser jacket, E, which in turn was connected to another 
I4.O cm. condenser jacket, F. These jackets were filled 
with Arihydrone (anhydrous magnesium perchlorate), held in 
place by plugs of glass wool at the ends. The ends of the 
oondensers were closed with rubber stoppers*

All parts leading up to the ozonizer were connected with 
heavy rubber tubing* This purification train was placed
several feet from the ozonizer proper in order to prolong

/

the life of the rubber connectors. The sizes of parts,
G through F, wore not critical. After this part of the 
apparatus was assembled, a very rapid stream of oxygen 
was passed through it for several minutes in order to 
blow out all dust particles*
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Figure 1
Complete Apparatus
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Ozonizer
The conversion of oxygen to ozone was accomplished by
'' ̂  • 1 ‘frmeans of two Berthelot tubes constructed of soft lime 
glass with the dimensions shown in Figure 2* It was 
important that the glass be thoroughly clean and that 
the space through which the gases passed be as
uniform as possible* Each tube had a cooling coil 
consisting of a long U-shaped piece of 6 mm. glass 
tubing which fitted into the innermost space of the 
Berthelot tube and reached nearly to the bottom. The 
top of the Berthelot tube was closed by a rubber stopper 
with three holes, two for the cooling tubes and one for 
the inner electrode. The latter was a stainless steel 
rod 7 mm. in diameter. This electrode extended to about 
1 cm. of the bottom of the inner tube* The Berthelot 
tubes were connected by means of mercury-cup seals as 
shown in Figure 3. The second Berthelot tube was 
connected to the reaction vessels by means of ground 
glass joints* No rubber connectors can be used for 
gases containing ozone as rapid deterioration of the 
rubber takes place*

The two Berthelot tubes were mounted vertically in a 
large battery jar 13** by 9” by 18"* They were held in 
place by a wooden top (see Figure 3 ) which had holes
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Figure 2 
Berthelot Tube



Figure 3 
Ozonizer Proper
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and slots out to fit the tubes* A second wooden block 
with holes and slots to fit the bottom of the Berthelot 
tubes (Figure 2) was placed in the bottom of the battery

* ' i  , l  \

jar* Both the top and the bottom blocks were coated 
with hot molten paraffin wax* The holes in the top were 
made directly above those in the bottom so that the 
Berthelot tubes would be as nearly vertical as possible 
to facilitate making good connections. The battery jar 
contained a cooling coll which consisted of 9 mm* copper 
tubing bent into the form of a flat rectangular coil 
leading out through holes cut in the top*

Electrical Equipment
A transformer operating on 110 volts alternating current* 
12*000 volts in secondary* 60 raa* 720 va* 6.26 amps**
395 watts was used. Ho provision was made for varying 
the secondary voltage.

y 1 ’ y)k .»
The inner electrodes of the Berthelot tubes were connected 
to one of the secondary terminals of the transformer.
This wire, although grounded to the case* was grounded 
externally as a precautionary measure; otherwise the 
cooling tube inside the Berthelot tube might have acted 
as a conductor to the water line and the laboratory 
water line would be charged. The other wire from the 
secondary was connected to the electrode in the battery
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jar* This outer electrode consisted of a grid of 
stainless steel wire (Ho. 10 B. and S. gauge). Connect
ing the inner electrode to the ground results in a 
charge on the battery jar. Precautions were taken so 
that the jar was not touched while the current was pass
ing. The battery jar was kept away from the nearby 
plumbing so that it would not be grounded.

Ozone Absorption Assembly
The diagram of the reaction flasks is shown in Figure if. 
The parts were connected by ground glass joints. Tube,
0, was tine main reaction flask, and tube, H, was an

\

auxiliary tube for absorbing ozone bypassing, G.

Ozone Destroyer
Ozone is a powerful irritant. The maximum possible
working concentration has been reported to be 0.15 to

*

1.0 part per million parts of air (9). It was necessary 
to destroy the excess ozone not used in the reaction 
proper. In this assembly tube, H, filled with 
potassium iodide solution was used as the ozone destroyer. 
The room in which the ozonizer was set us was well , 
ventilated since some of the oxygen in the air surround
ing the electrodes was converted to ozone.
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Absorption Assembly



Ik

; . jiflfrlr ^  fM•'¥ •$
% t 4 ® H ',; i 1/ ‘ H ■ %̂ 0'M 'r:

1 ,j
Procedure and Calibration of Apparatus

pe termination of Rate of Plow of Oxygen 
The reducing valve of the oxygen tank was adjusted to 
show consistent respective readings on the flowmeter 
of 1 mm*, 2 mm*, I4. ram*, 6 ram*, and 8 mm* At each 
flowmeter reading the volume of oxygen passing through 
the ozonizer per unit time was measured by means of a 
water displacement method* A stopwatch was used for 
accurate time measurement* A one-liter graduated 
cylinder was vised for the water measurement so that 
large volumes could be displaced. The observed volume

• t . % ' -:
was corrected to standard conditions by correcting for 
temperature, barometric pressure, and vapor pressure of 
water at the observed temperature. The volume of oxygen 
passing through the ozonizer in liters per hour was plotted 
against pressure Illustrating the rate of flow per mm. 
reading on the flowmeter (Graph 1)*

v: , 1 * /  • ( _ , : .. . ')

Analysis of Ozone
The reducing valve of the oxygen tank was adjusted to 
obtain the same respective readings on the flowmeter, as 
were used in the determination of the rate of flow* 
Stopcock, 1, was turned so as to bypass tube, G, and 
direct the gases through the ozone destroyer* The trans
former was turned on after the apparatus had been swept 
out for a few minutes* Tubes, G and H, were filled with
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a neutral 5$ solution of potassium iodide. The ozonized 
oxygen was passed through the potassium iodide solution 
in G, from 3 to 5 minutes after adjusting stopcocks 1 
and 2# The exact flowmeter reading was noted and the 
volume of gas passing through the ozonizer was calculated.
At the end of 3 to 5 minutes stopcock, 1, was turned so 
as to bypass tube, G, and the ozonized oxygen stream was 
direoted through the ozone destroyer, H. The solution 
in tube, G, was then acidified with 10$ sulphuric acid 
(about 15 ml*) and titrated with a previously standard
ized 0.1 H, sodium thiosulfate solution (Table I) using 
soluble starch as the indicator.

The ozone produced reacted with the potassium iodide 
solution to liberate iodine.

03 + 2KI + H20 ---» I2 * KOH * 02

The free iodine reacted with the sodium thiosulfate to 
give a colorless endpoint with a starch indicator.

2Na2S203* I2 Na2S^0£ ♦ 2NaI
t

Prom the rate of flow per mm. pressure (Graph 1), and 
from the calculated moles of 0j absorbed by the potassium 
iodide solution per unit time at the same pressure, the 
percent conversion of the oxygen to ozone was calculated 
(Table II). The percent conversion was then plotted against 
mm, pressure (Graph 2 )•
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STANDARDIZATION OF NagS^WITH KIO-j

The reactions involved in the standardization are as 
follows i

KIO ♦ 5KI «• 6HC1 — > 6KC1 «•> 3I2 ♦ 3^0

ZNagSgO^^ I2 .— 2NaI ♦ ^a2^1^6

Summary of the procedure i
(a) weighed out a definite amount of KIO3 (0 .1 to 0.2g).
(b) added excess KI (2g) to a solution of the KIO3.
(c) made acidic with concentrated HC1.
(d) titrated the free iodine with the Na^^G^.

Table I

ŵa2D2u3̂  equivalent wt.UCIO^J

Trial Wt. of KI03 Ml. of Na S 02 4-1 H (Na2S203)

1 ,l65g. 46.3 0.099
2 •l60g. 44.7 0.100

3 .170g. 47.9 0.099
4 .I64g. 46.3 0.096
5 .169g. 47.0 0.101

Mean s 0.100
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SAMPLE CALCULATIONS
Table II

A. Volume Measurement by displacement of water by 02x

V - v, x Barometric Press. - Yap*Press.H2O
corrected (obs) ” ITarometric Pressure

B. Calculation of percent conversion:
(1 ) ml. x N of Na2S203 = meq* of Na2S203
since formula wt. of Na2S203 s ®Q* Na2s2®3

*•* meq* of Na2S203 - ra moles of Na2s2°3 
m.moles -7- 1000 - moles*

2Na2S203 ® I2 « » A ° 6  * 2HaI
moles of ^a2^2^3 - moles of I'

03 ♦ 2KI ♦ H20 -----  I2 ♦ 2K0H ♦ 0g
.*• moles of I2 - moles of 0^

302 Silent Elec* 2O3 
^ discharge

.•* 2/3 x moles of 02 - theoretical yield of O3
/

actual moles of °3 per unit time x 100 5 % conversion
theoretical yield of O3 per unit time
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DISCUSSION OF RESULTS

The laboratory ozonizer was constructed and 
calibrated as described* The percent of conversion of 
oxygen to ozone (Table III)» could be Interpreted as 
varying directly to the rate of flow, oî  since all of 
the conversions were calculated at relatively low rates 
of flow, the results can be interpreted as the percent 
conversion over a narrow range of flow is almost constant. 
The only data varying considerably Is the percent con
version calculated at 1 ram* pressure* With the apparatus 
used (laboratory constructed flowmeter) it was very

\  . ,rf*. . : ,

difficult to read a drop of 0*5 mm. of mercury on the 
flowmeter scale. This could account for this deviation*

Since a workable conversion for a laboratory
ozonizer is from 3 to 12 percent, this ozonizer with a

*

7 percent conversion satisfies this condition.

A
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VARIATION IN PERCENTAGE (BY VOLUME)
OF OZONE (PROM OXYGEN) WITH RATE OF FLOW

Table III

rara.Press • 
(Flowmeter)

Rate of flow 
(liters/hr.)

1 1*14-89
2 3.10A
k 6.090
6 8.379
8 11.397

Moles of Moles of % Con-
02/hr. O-j/hr. • version

0.0665 .002268 5.120
0.1536 .00714-676 7.293
.2718 .013^580 7.Í+27
•37ÍJ.O .019080 7.653
.5088 •02657U-0 7.8314-
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Table IV
TITRATION OP I2 WITH 0.100 N N a ^ C ^

0^ passed through the potassium iodide solution at
laboratory conditions for five minutes •

Ml. of Na2S2°3

Pressure 1mm. 2mm. 1+mra. 6mm. 8mm.

1 3-90 11.15 21.90 32.05 1+1+.60
2 3.60 11.00 22.20 31.60 k k .3 $

3 3.75 12.85 22.80 31.70 i+l+.oo

' h 3.85 12.1+0 22.55 31.80 1+1+.05
5 3176 12.20 22.60 31.90 1+1+.60
6 3.65 13.10 22.55 31.80 1+1+.21+

7 3.75 12.90 22.1+5 31.75 1+1+.20
8 12.95
9;'4. 13.10

10 12.90

Meant s 3.78 12.1+5 22.1+3 31.80 1+1+.29
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SUMMARY

1. The rate of flow of oxygen through the ozonizer 
varied directly with the ram. pressure readings 
on the flowmeter, varying from l.i+89 i./hr. for 
a reading 1 mm. pressure to 11.397 l./hr. at
8 ram. pressure.

2. The percent conversion of oxygen to ozone in 
this ozonozer varied from $»120% at 1 mm. 
pressure to 7.831$ at 8 mm. pressure. The 
percent conversion remained fairly constant 
over the range from 2 mm. to 8 ram. of pressure.
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