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INTRODUCTION 

The work to be described in this thesis fonns part 

of a oomprehensive research which is being carried out in 

this laboratory on the properties of sulphite systems. This 

general investigation was instituted when it was found that 

there were little available data on sulphur dioxide, sulphur­

ous acid solutions and its salts. Furthermore the data re­

corded in the literature were not of great value sinoe 

exper~ental results had been obtained over only small 

ranges of temperature and concentrat-ion. 

In 1923 nr. O. Maass and Dr. W. B. Campbell with 

their co-workers undertook a series of pr~ary investigations 

on pure sulphur dioxide and this fonned the nuoleus for the 

systematio investigation of sulphite systems in this laboratory 

which has been in progress for the last twelve years. First 

of all the physical properties of aqueous solutions of sulphur 

dioxide were carefully determined and theoretioal deductions 

made in regard to the equilibria existing in suoh a system. 

!hen it was found desirable to ex~1ne the physical properties 

of the three component systems, namely the systems including 

a base as well as sulphur dioxide and water. The da ta deter­

miiled for such three component systems, apa-rt from their 

purely scientific interest were expeoted to be of practical 
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interest to the manufacturer of wood pulp using the sulphite 

prooess. 

The properties of the three component system 

calcium oxide - sulphur dioxide - water were thoroughly 

investigated. Conductivities and vapour pressure measure­

ments were carried out over large ranges of temperature and 

concentration, and from the resultant information, theories 

were developed which have been of great use in the elucida­

tion ot the equilibria existing in this system. The pract ical 

value ot this particular investigation was made apparent by 

the interest taken by those engaged in the manufacture of 

sulphite pulp. The results have been ot assistance to them 

and they have expressed the desire that work of this nature 

be continued. 

It is not the intent ot the writer to unduly stress 

the praotical importance of such investigations but rather to 

indicate that in this work practical and academic interests 

run parallel. The equilibria shown to exist between sulphur 

~dioxide and water proved that the amount of free sulphur 

dioxide increased with rise in temperature, tak1ng into account 

the amount of uncombined sulphur dioxide, sulphurous aoid was 

shown to be a relatively stronger acid than would be given 

by its apparent dissociation constant; the investigation of 

the three component system proved that with theoalcium oxide 

as a base, variation in concentration gave a butfer solution 
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as far as sulphite ions are concerned; it was made possible 

to calculate hydrogen ion concentrations from conduotivities 

and vapour pressures; etc. - all these pOints are definitely 

of fundamental interest from a scientific point of VBeW as 

well as having practical repercussions. 

This thesis describes an investigation of the 

equilibria vapour pressures of the three component system 

magnesium oxide - ~ulphur dioxide - water. Magnesium oxide 

was the third oomponent chosen since in contrast to calcium 

sulphite, the magnesnnn sulphite is ·very soluble and is re­

latively much more stable at high temperatures. 

Therefore by substituting magnesium oxide for 

calcium oxide the equilibria existing in such a three com­

ponent system could be examined at lower sulphur dioxide 

conoentrat ions and over a larger temperature range as a two 

phase system, and the complexity introduced by a heterogeneous 

phase would be eliminated. 

The apparatus used throughout this investigation 

was oonstruoted so that accurate weights of the reactants, 

tree trom all possible ~purities could be introduced into 

the reaction oell. The cell was of Pyrex glass equipped with 

an all glass magnetio stirrer, this assured adequate stirring 
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of the solutions under investigation. The cell was connected 
• 

to a manometer capable of registering pressures up to five 

atmospheres., 

The problem involved the measurement of the vapour 

pressures of solutions of known weights of magnesium oxide, 

water and sulphur dioxide, the determinations being made at 

appropriate temperatures between 20°0. and 130°0. The oon-

centrations of magnesium oxide used were approxtmately O.O~; 

1%; 1.4% and 1.8%, while the sulphur dioxide concentrations 

were made to range from 1% Vo 7%. 

The results obtained fran this investigation are 

tabulated by extrapolation to show the total vapour pressure 

of this system from ~ to 1.8% magnesium-oxide over a range 

of sulphur dioxide concentrations from 1% to 6~ in 1% steps. 

As mentioned before the interesting property of the 

magnesium system as contrasted to the calcium system is the 

great solubility of the magnestum sulphite. It was found 

that even at high temperatures precipitation never occurred, 

although it was evident from the pressure curves that as the 

temperature increased more and more magnesium bisulphite was 

transformed into the mono sulphite. It has been recognized 

that this property should be of commercial importance since 

the so-called "ltming up" of digesters which is so often 

encountered in the industrial proce.ss due to the precipitation 

of calcium sulphite, would be el~inated if magnesium sulphite 
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. . 

solutions were used. 

The results obtained from this investigation 

are discussed by comparing the properties of the magnesium 

oxide system to those of the calcium oxide system, and in­

ferences are drawn in regard to the equilibria existing in 

the system magnesium oxide-sulphur dioxide-water. 
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HISTORICAL 

To investigate the equilibria existing in the three 

component system magnesium oxide - sulphur dioxide - water, 

it was necessary to have reliable data in regard to the phy­

sical properties of the individual components and also those 

two component systems that make up this system. 

As has been previously indicated, the available data 

on sulphur dioxide solutions and such solutions in the presence 

of a base prior to 1923 were very limited and the nature of the 

results left question as to their value. Realizing the need 

for reliable physical data, both on aqueous solution of sulphur 

dioxide and the three component systems, Dr. O. Maass, Dr. W.B. 

Campbell and their co-workers instituted their extensive series 

of investigations on the properties of these sulphite solutions. 

As a result the physical properties of the three 

component system, calcium oxide - sulphur dioxide - water, 

have been thoroughly examined over large ranges of tempera­

ture and concentrations by several workers in this laboratory 

(1, 2, 3, 4); but the properties of the three component sys­

tem magnesium oxide - sulphur dioxide - water, have not been 

previously investigated. 

This investigation was undert~en in order to study 

the equilibria existing in this latter three component system. 

For convenience of discussion the investigations of previous 
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work-ers will be summarized under the following headings. 

(a) The system sulphur dioxide - water. 

(b) The system magnesium oxide - water. 

(c) The system magnesium oxide - sulphur 
dioxide - water. 

(a) The System Sulphur Dioxide - Water 

In recent years Maass and co-workers (5. 6, 7) car-

ried out an exhaustive investigation on the properties of 

this system. and the resultant data due to the greater accur-

acy attained supersedes that of previous investigators. 

The literature survey oarried out in 192; revealed 

that there was surprisingly little data available on the aque-

ous solution of sulphur diOxide. Sims (8) determined the va-

pour pressure of this system with a fair degree of accuracy 

over a range of pressures up to 200 ems.; and temperatures up 

to 500C. Shiff (9), Gerlach (10) as well as Giles and Shear­

er (II) gave values for the density of these solutions at rela­

tively low temparatures, the values of the latter are more re-

liable. ustwald (12) and Barth (13) investigated the oonduc-

tivity of sulphur dioxide - water solutions, McCrae and Wilson 

(14) have determined partition oo-effioients of sulphur dioxide 

between water and chloroform, Walden and Centnesszwer (15) de-

termined the freezing pOints. From the combined results of 

the last four investigators Drucker (16) calculated the dis-

sociation constant. Kerp and Bauer (17) made conductivity 
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and freezing pOint measurements. Fulda (20) calculating 

from the heat of dissociation data of Thomsen (18) and Berthe­

lot (19) gave figures for the dissociation constant at temper-

Foerster, Lang, Drossback and 8ei-

del (21) carried out an extensive investigation on the decom­

position of sulphur dioxide and its salts in aqueous solutions, 

proving the existence of many complex sulphur compounds. Wright 

(22) by absorption speotra showed that sulphur dioxide existed 

as such in solution. Oman (23), Hudson (24) and Encke11 (25) 

determined the solubility of sulphur dioxide in water up to 
.s. 

The values of Oman are the more aCQurate. 
. \ 

Davis (26) Z 
,----

published a monograph on the solubility of sulphur dioxide in 
n 

water. Teaees and auhl (27) developed a phase rule diagrwn 

for~the sulphur dioxide - water system. 

All this may serve as an indication of an exhaustive 

search of the literature. The oonclusion reached by Campbell 

and Maass that no definite theories could be drawn from the 
• 

investigations quoted led to a far more systematic and compre­

hensive investigation of the properties of the sulphur dioxide -

water system. Maass and Maass (s) measured vapour pressure 

and conductivities of aqueous solutions of sulphur dioxide at 

temperatures below 270 0. Campbell and Maass (29) determined 

the densities, vapour pressures and conduotivities of sulphur 

dioxide - water solutions at concentrations up to 8~ and over 

a temperature range from 200 C. to 1;00 0. Morgan and Maass 

(30) made precision measurements of the vapour pressures and 
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oonduotivities of sulphur dioxide solutions at the lower te~ 

perature range of OoC. to 25 0 0., and pressures up to one 

atmosphere. 

The important conclusions drawn from their work list­

ed above were that in the equilibrium 

H20 + 302 ~ ;, H2S0:; 

a rise in temperature causes the equilibrium to shift to the 

left and that the partial vapour pressure of the sulphur dioxide 

is a measure of the free sulphur dioxide in solution. Conse-

quently sulphurous acid solutions at high temperatures give rise 

to only a small hydrogen ion concentration, not because sulphur­

ous acid is such a weak acid but because there is so little of it 

in solution to disaooiate. Furthermore, the hydrogen ion con­

centration over the range of sulphur dioxide concentrations l~ 

to 8~ and over the temperature range OOC. to 140°C. were oalcu­

lated. This will be gone into more fully under "Discussion 

of Results". 

(b) The System Ma6nesium Oxide - Water 

Magnesium oxide has the property of being sparingly 

soluble in water and consequently very little data were avail­

able on this two oomponent system. This is partly due to what 

might be called the "indeterminacy" of the nature of magnesium 

oxide itself. A considerable amount of work has been carried 

out investigating both the physical and chemical properties of 

magnesium oxide. As magnesium oxide is the "base" component 

it may be well advised to enumerate the more important known 
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facts in regard to its nature. 

Magnesium oxide differs from the calcium oxide in 

that it has two oxides differing in their physical properties. 

The magnesium oxide used throughout this investigation was the 

high specifia gravity or~· oxide. 

Mention will be made of a few who investigated the 

properties of magnesium oxide. Goodwin and Mailey (31) deter-
2 mined the specific gravity of the national crystal of magnesium , ,-----------

oxide. Ditte (32) showed that the specific gravity of the 

amorphous form increased on calcination. Rose (33) showed that 

by calcination over a period of several hours the specific grav-

ity approached that of the crystaline form. Mellor (34) in-

vestigated the rate of transformation of the~-magnesium oxide 

to the j.9 formwlth temperature. Richards and Rogers (;;) mea-

sured the amount of occluded gas in metallio oxides, and showed 

that it was negligible in the case of~-magnes1um oxide. Ander-

son (36), Campbell (37) and Ditte (32) showed thatt3-magnesium 

oxide was very resistant to mOisture, mineral acids and was 

practically unacted upon by water. 

ness of calcina~ed magnesium oxide. 
------~ 

Davy (38) noted the inert-

By means of X-raysHull (40)"Gerlach and Pauli (41), 

Hedvall (42), Giague and Archibald (43) studied the crystal 

structure of both the of.. and jiJ oxides and found they were the 

same. According to Taylor and Wells (44) the particle size 

changed but not the crystal structure when the oxide was 

heated. 
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Several investigators studied the solubility of 

magnesium oxide in water. There 1s great disagreement 

among their results. In most cases they do not stipulate 

which oxide was used (~ o~ ) so these variations in the 

results may be due to this or to experimental error. 

Mellor (;9) gives a representative v~lue for the solubility 

of the magnesium oxide in water as 10 mgm. per litre at 200 0. 

According to this the solubility of magnesium oxide is less 

than one hundredth of that of calcium oxide. 

(0) The System Magnesium Oxide - Sulphur Dioxide - Water 

If little is known of the magnesium oxide - water 

system it is not surprising to find that even less reliable 

data have been published on the- three component system mag-

nesium oxide - sulphur dioxide - water. An explanation 

for the lack of accurate data is that those workers investi­

gating this system were interested in the industrial appli­

cation of their results, rather than in theoretical conclu­

Sions, and that therefore they did not take the necessary 

precautions to assure accurate results. Perhaps the only 

publication wotth mentioning at all is that of Smith and 

Parkhurst (45) who measured the vapour pressures and the 

solubility of sulphur dioxide in aqueous solutions contain­

ing varying amounts of magnesium oxide, over very small 

ranges of temperature. 
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It is evident from what has just been said 

that there is need for a thorough investigation of the 

magnesium oxide - sulphur dioxide - water system. 

This is particularly so because of ooncurrent investiga­

tions by Calhoun (46) and Cannon (47) in this laboratory 

on the rate of delignification of wood when the calcium 

base is replaced by the magnesium base. 

The equilibria existing in the magnesium base 

system may be expected to be similar to those e~isting 

in the calcium base system. In so far as vapour pres-

sure determdnations can be used to compare these equili­

bria with one another, this will be done at the same time. 
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A. Experimental Section. 

1. General 

2. Detailed Description of Apparatus. 

(a) Gas Purification System. 

(.b) Gas Measuring System. 

(c) Gas Introduction System. 

( d) The Reaotion Cell-Manometer System. 

(e) The 011 Bath, Heaters, etc. 
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1. General: 

The apparatus was primarily designed, so 

that mown we ights of magne Bium oxide, sulphur dioxide and water 

could be brought together in the absence of all impurities. It 

provided a means of bringing together air free water, pure sul­

phur dioxide and magnesium oxide free of carbon dioxide and any 

'oocluded gases. 

Gas from a supply cylinder, was dried and then purified 

by several fraotional distillations, the middle fraotion being 

kept in eaoh case. By means of the gas measuring system the 

acourate weight of the gas was determined, this was introduced 

by means of a meroury Beal into the cell oontaining the magnesium 

oxide and water. 

The cell was oonnected by lagged pyrex tubing to the 
" 

pressure manometer. The lagged tubing was always at a higher 

lempe'rature than the cell thuB preventing condensation. 

The cell was immersed in a thermostated oil bath oon-

ta1ning the heaters, cooling COil, and stirrers. 

By means of an all glass magnetic stirrer t be reagents 

were thoroughly mixed and equilibrium was thuB assured. 
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2. Detailed Desoription of Apparatus 

(.). GaB Purification System 

This section will be devoted to a desoription of the 

a.pparatus. The apparatus as a whole may be considered as made 

up of several separate units, and for ease of discussion a. 

detailed description of each will be given. The functions of 

each unit will be thoroughly explained in the section on experi­

mental teohnique. 

A diagram of the gas purification and measuring systems 

will be found in Fig. 1. The gas purification system is that 
f--

~ section left of stopoock "Sl", as shown in the diagram. This _. 
section was constructed of soft glass and conneoted to the sul­

phur dioxide cylinder by means of pressure tubing, the joints 

ware oovered with DeKhotinslcy oement. The sulphur dioxide was 

dried by means of the pho8pho~_~s pentox1de tube. A mercury 
-./ '.-----. 

exhaust trap "0' permit~ed the rejection of excess sulphur 

dioxide. 

The evacuation system consisted of a water pump, a 

Cenoo Hyvac pump, and a Langmuir diffusion pump baoked by a 
\ 

Hyvac, these were protected by another phosphorous pentoxide 

tube. '!'he apparatus wa.s so designed that the whole or any part 

could be evacuated by the pumping system. 

Also included in this section are an open air mono­

meter ID" this was of two fold value, for rougb pressure measure­

ments and it acted as a safety valve should the ga8~~toO 
(l 
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become too great, a McLeod Guage "Eft used to measure pressure 

onevaouat1on. 

The bulbs "Hl"' 'H2", IH,' were used to purify the 

sulphur dioxide by fractionation, the purified gas was stored 

1il "H4". 

(b) • Gas Measuring System 

This system as shown in Fig.l oonsisted of the cali­

brated volumes ftr" and "G" the connecting tubing limited by the 

stopcocks IS1 ", '82", w8,·, ftS7'J and the 10 em. mark on the 

right hand arm of the manometer "0 1 • 

The 10 cm. mark on the manometer ·0' was arbitrarily 

chosen and the volume of the connecting tubing was determined 

up to this mark. In all measurements made with the manometer 

the mercury in the right arm was brought to the 10 cm. mark by 

applying either vacuum or pressure to the mercury reservoir 

IR1" •. otherwise the volume of the oonnecting tUbing would not 

be constant and would vary with changing mercury laval. The 

left hand side of manometer "c" was a vacuated by the diffusion 

pump backed by the Hyvac. The pressure of the gas in this 

systt311l was measured by .taking the difference in mercury level 

of the two arms and applying the necessary glass scale temper-

ature corrections. 

The volumes "F" and "GB were oalibrated, by weighing 

them empty and then full of water, applying the necessary 

corrections. The volume 9f the oonnecting tubing was determined 
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using the values of "F" and "G" and applying the gas law 

The temperature of the gas in the conneoting tubing 

was determined by two oalibrated thermometers hung at suitable 

points. The w~e8\"F' and "G" were immersed in a. wa.ter bath, ---
thus insuring the same temperature of both and providing pro­

tection against any--sudden variations in (room) temperature 

The bath was equipped with a calibrated thermometer. 

(0). Ga8 Introduotion System 

This system o-onsist1ng of the two ~acuum stopcocks, 

"86-, "81ft , the bulb "85' and the conneoting tubing limited by 

"~' and the pOints ,,~", ·L3·~ is oonnected to the gas measur­

ing system through stopcook "86". 

'!'he bulb tlH5"w8.e used a6 a final storage for the pure 

Bulphur dioxide. The gas ill "~" wa.s w&nned slightl,. just before 

injection into the cell, and to prevent the plug. of the atop.. 

cocka '86" and "87' from being blown out of their sea~8 by the 

pre ssure gene ra tad, 1 twa s 

cocks. 

necessary to employ vacuum stop-

The conneoting tubing above~ .~" includes a meroury 

cut off, this permitted the purification of the water by evaou­

ation. The 80ft glass section of apparatus was jOined to the 

pyrex section by a pyrex to soft glass graded seal, located 

just above the right hand side of the meroury out off. A small 
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"Un tube made of pyrex oapi11ary was sealed to the out off at 

'Lit!'. This oapi1lary f\Ulotioned as a frozen mercury seal. The 

mercury in the cut off and frozen seal could be raised or lowered 

bJ applying pressure or vacuum to the mercury reservoir "~n. 

The frozen mercury s8al .. ill be described in detail. 

It was neoessary to isolate the oel~anometer system during a 

run from the rest of the apparatus. At the same time a means 

had to be provided by which more sulphur dioxide could be injected 

into the cell at the oompletion of a run eo that a series of runs 

could be oarried out at the same magnesium oxide and water COD­

oentrations, but withincreaeing amounts of sulphur dioxide. A 

stopcock could not be used since it would not withstand the pres­

sure developed during a run. The frozen mercury seal was ideal, 

since it could be opened,or olosedby applying vacuum or pressure 

to "B2' and once the mercury was frozen it could withstand any 

pressure. 

id) • !he Cell-manometer System 

Since the cell was to be subjected to large temperature 

variations, the cell-manometer sy-stem was construoted of Pyrex 

glass. The reaction oell is shown in detail in rig. 2. The 

volume of the cell was approximately 100 co. The magnesium oxide 

was introduoed through the side arm ·V·. A flask 1IB8 sealed ODto 

"', after which a known weight of water was transferred into it 

from a pipette. 
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Stirring wa~ effected by means of an all glaB. electro­

magnetic stirrer, this was neoessary to assure true equilibrium. -
The stirrer oonsisted of a glass tube which extended to half way 

up the shaft of the oell. A Boft iron bar approximately 7 om. 

10DU and 4 Mm. in diameter was sealed into the top of the stirrer, 

permitting the raising and lowering of the stirrer by the electro­

magnet. The diameter of the shaft oonneoting the call to the 

rest of the apparatus was large enough to allow the stirrer to 

move up and down freely, at the same time the volume of the gas 

spaoe above the liquid in the oall bad to be kept at a minimum. 

For the same reason all the tubing of this section was of small 

bo~. The lowerpa,rt of the stirrer had several spheres blown 

on it, these broke the surfaoe of the liquid with eaoh osoillation 

of tbe stirrer. 

The glass tubing connecting the cell with manometer and 

the" gas introduction system had to be kept at a temperature abov~ 

that of the oil bath to prevent condensation of water. The tubing 

.as firB~ covered with a layer of asbestos paper, the heating 

element consisting of thin Nichrome wire was wound over the 

asbestos layer, then a thick coating of asbestos cement was 

applied aoting as a heat insulator. The cell shaft was covered 

with several layers of a8D8stoe paper instead of the asbestos 

oement, this faoilitated the adjustment of the elect~o-magnet. 

The heating element was in series with a variable reSistance, the 

temperature of the tubing could be controlled by varying the 
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current flow by this resistance. The temperature was read 

from two thermometers IT1", "T2" which ware imbedded in the 

lagging, the mean of which was taken as the temperature of 

the gas phase. 

A portion of the lagging was removed from scale "Btl, 

permitting the setting of the mercury level at the zero mark. 

Th's was necessary to keep the cell system one of constant 

volume. The mercury in scale "B' was heated several degrees 

above that of the oil bath to prevent condensation from the 

solution on the mercury surfaoe. A scale reading correotion 

had to be applied to account for the density change of this 

oolumn of mercury. 

During a run the pressures developed were often several 

atmospheres. The manometer used waR of the elosed end type 

capable of measuring pressures up to 7 atmospheres, it was con­

struoted and calibrated by Gurd (2). (Please refer to r1g. 3). 

The manometer was constructed of pyrex tubing 1 em. in 

diameter and approximately four metres long. Throughout its 

length the manometer was surrounded by a 80ft glass tube 2.5 Cm. 

in diameter- This outer tubing protected the manometer from any 

sudden changes in room temperature that might occur dur1ng a run. 

The temperature of the air above the mercury surface in the mano­

meter was determined by three thermometers hanging between the 

outer and inner tubes, one was placed at the top, one at the 

centre and one at the bottom, the mean of the thre9 was taken as 
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the temperature of the entrapped air, The pressure was read 

from a Bcale consisting of four wooden metre sticks placed 

parallel to the manometer. The whole was seourely fastened to 

a solid wooden Bupport, which was rigidly held in plaoe by 

brackets sorewed into the floor and ceiling. 

The base of the manometer was in the form of a "T" ODe 

arm was connected to the lower part of scale "B", this tube was 

proteoted by means of a removable wooden frame. The o,ther arm 

was connected by several feet of rubber pressure tubing (7 ply 

oxygen hose) to the one Ii tre mercury reservoir "R3 I • This 

reservoir was set in a wood support, this could be raised or 

lowered by a system of pulleys. A wheel wi th a spinner was 

mounted close to Beale "B", this was oonnected to the pulley by 

a obain. It was essential to have the levelling control close 

to Beale "B" eo that the scale could be observed, and the final 

adjustment of the meroury surface could be made accurately. The , 

greatest oare was taken during the process of raiSing the meroury 

to the zero mark, to prevent the mercury from flowing over into 

tbe cell. The chain oonneotion to the pulley was vary helpful 

when making the final adjustments since it prevented slipping which 

was the trouble encountered when belt connections were used. 

It was found that at- high temperatU%eB even when the 

reservoir was at the top, the column of meroury would not balance 

the pressure developed in the oell. It is eVident that additional 

pressure had to be applied to the mercury surfaoe. This was 
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aocomplished, by a copper ~be sealed into the top of reservoir 

by sealing wax, to this was soldered a bioyole valve seat and a 

valve was inserted. By pumping air into the reservOir it was 

possible to obtain the necessary pressure. 

The electro-magnet (for detailed description see theais 

of Beazley (4» whioh activated the stirrer, had to be rather 

large due to the weight of the stirrer- This was conetructed 

as follows: a Pyrex tube 15 ems. long just larger than the lagged 

ahaft of the cell, wa.s wound with a oopper oooling c01l. '!'his 

was covered ~ith a layer of asbestos, three pounds of double ootton 

covered annunciator wire and the whole surrounded by a galvanized 

protective casing. 

The current flow through the solenoid was controlled by 

a lamp bank of oarbon filament lamps. This was divided into two 

parts, one supplying the direot current consisting of 6 lamps, the 

seoond oonsisting of two lamps of 100 •• and 200 W. respectively, 

supplied the intermittent current. By means of the lamps the 

steady current was adjusted so that the stirrer was just supported 

above the bottom of the oell. The second lamp bank was wired 

in series with an interrupter (Oanoo Mercury Switch), the pitch 

of the stirrer stroke was governed by the number of lampe in this 

bank. The interrupter was fastened to a lever arm whioh was con­

neoted to an asoantrio, which was connected by a belt to an 

electrio motor. The number of strokes per minute could be 

regulated by varying the speed of the motor. 
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The solenoid heated up due to the heat energy from the 

current flow and that given off by the heating element around the 

shaft of the cell. This was oounteracted by allowing water to 

flow a10wly through the oooling COil. Care had to be taken in 

adjusting this flow to prevent oondensation in the cell shaft. 
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The volume of the entrapped air within the manometer 

oorresponding to any scale reading was found by interpolation 

between the values below. (The values are those of Gurd (2». 

Scale Reading Correoted Volume 
in cc. 

3.90 3.03 

7.g5 6.124 

36.15 27. ggq. 

65.05 49.734 

87.g5 67.493 

92.38 71.275 

120.30 93.210 

148.50 115.21 

17g.00 13g.02 

lM.50 139.96 

19,.25 142.21 

211.50 164.11 

240.45 196.26 

271.15 209.52 

273·~ 211.g; 

301.25 233.91 

32g.6; 255.6; 

}60.90 281.5g 

J6;.lf.} 2g3.92 

,64.61 21J4.91 

370 c, 49 2g9.J5 



- 28 -

(e), '~ith'e Oil Be th! Heaters I etc. 

The reaotion oell was immersed in a bath filled with 

diethylene glyco'l, the surfaoe of which just oovered the side 

arms "-V" and "Wit • This bath oonsisted of a Pyrex jar 16 inohes 

deep and 8.5 inches in diameter. It was covered with several 

layers of heat insulation material, and then placed in a wooden 

box. A section of the box was cut away so that the cell was 

visible. 

The heating system oonsisted of three bare nichrome wire 

coils arran~ed as, follows: the first had a capacity of'1200 watts, 
..,. 

.hich was in series with a system of external variable resistances 

so that the current could be varied as ,required. This heater was 

activated by the thermoregulator through the relay. The second 

heater was supplied with a
1

400 watt coil: this was in series with 
.--. 

an external-resistance. This heater was used at high temper-

atures to balance the hea't lost due to :badiation. The third heat­

ing coil of gOO watts was employed to raise the bath temperature 

rapidly, it was connected directly to the 110 volt A.C. line. 

The bath was equipped with a cooling coil, providing a ... 
means to cool the bath rapidly. It was built by ooiling 12 feet 

of copper tubing inside the bath. The cooling system was arranged 

so that the bath could be cooled by either water or brine solution. 

During the summer the tap water at times reached 260 0., and as it 

1s often necessary to keep the bath at much lower temperatures, a 
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ciroulating system was ~uilt, consisting of an automobile water 
,J 

circulating pump driven by an electric motor. 

This brine at .. 1000. was p\lllped through the cooling 

coil., by controlling the briDe flow by means of a valve, 

any desired bath temperature down to OGO. could be attained. 

By using two, two .... ay stopcocks it was a simple matter to change 
~ 

from the wa.ter to the brine cooling systems. 

The temperature of the bath was controlled to within 

~ 0.0500. by an all mercury thermoregulator which aotivated a 

meroury switch relay. The thermoregulator was made of pyrex, 

consisting of a centre tube 1 cm. in diameter and one foot long, 

around this was spiralled several teet of 7 mm. tubiDg. This 

design ensured compactness and quick establishment of equi11briUII 

owing to the large Burface-volume ratio. The platinum oontaot 

wire was soldered to a screw which permitted the adjustm~Dt of 

the temperature, this had one inconvenience, that was, the mercury 

Burfaoe beoame dirty owing to the amalgam formed with the Bolder. 

By replacing the Bolder by a small steel chuok the mercury surface 

remained free from contamination. 

'!'he relay was of the mercury switch type tADler. Instr. 

Co.). This was very satisfaotory siDce it was aotivated by a 

very small current supplied from rectifying transformer (ABer. 

In B t • Co.), '!'hi e preven ted ox1d.a t ion of me rcury surface in 

thermoregulator, at the same time breaking a large current on the 

power side without burning of oontact paints because the Circuit 
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1s oompleted by mercury in the switch. 

in a dust proof glass casing. 

The relay was enclosed 

The stirring was acoomplished by a motor driven stirrer, 

equipped with four, three inch paddles. 

The pressures developed during a run were often of 

several atmospheres, since no pres$ure tubing was used in the 

construction of the apparatuB, there was the possibility of an 

explosion. Therefore this seotion of the apparatus was surrounded 

by a wooden shield. Where it was necessary to make observations, 

shatterproof glass was employed. 
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B. Experim~ntal Teobn1qu8L 

1. Preparation and Purification of Materials. 

(a) Water 

(b) Sulphur dioxide. 

(0) Magnesium oxide 

2. Preparation of Solutions. 

J. Operating Teohnique 
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Experimant~l Teohnique 

This section will be devoted to a detailed acoount of 

the purification of the reactants and the teohnique involved 

in manipulating the apparatuB during the vapour determinations. 

1. I Preparation and Purifioation of Materials 

The purity of the reagan ts was an important faotor in 

this 1nveBt1ga~1on. For this reason all the glass used in 

building the apparatus was thoroughly oleaned with hot chromic 

acid, washed several times with distilled water, with alcohol 

and finally with ether. 

The meroury used in the manometer system etc., was 

oleaned by allOWing a fine spray to fall through a 15~ nitric 

acid solution in a cleaning tower and washed twice with dis­

tilled water, dried by pouring through a filter of ootton gauze 

and stored in a olean flask. 

The three oomponents water, magnesium oxide and sulphUr 

dioxide were purified as follows. 

fa). Water 

Distilled water was used and the only impurities present 

were dissolved gases. These ware removed by alternate freezing 

and melting with evaouation.during the frozen stage. The 

process of out-gassing was continued until no bubbles were BeeD 

riaing from the water. 
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(b) . a.lphur Dioxide 

The sulphur dioxide was purified by fraotional di8-

tillation. After prel1minary evaouation of the system, gas 

from a. supply oyl1Dder was dried by pa8sing through a phosphorou8 

pentoxide drying tube and oondensed in bulb "HI' surrounded by 

oarbon dioxide - acetone freezing mixture. The freezing mixture 

waa removed and the lower boiling POint fraotion was allowed to 

esoape.,. ~ the centre fraction was distilled to a second bulb 'H2' 

and the final fraotion was disoarded. This prooedure was oarried 

out three times, thus assuring pure sulphur dioxide free from 

water and any sulphur trioxide. 

(c) • Magna sturn Oxide 

Pure magnesium oxide 1s perhaps more difficult to obtain. 

The most Objeotionabl8 impurities are the carbonate and occluded 

gases. When the oxide ie dissolved both the oombined oarbon 

dioxide arid the other gases are liberated, and cause the vapour 

pressures as read to be too high. The purity of magnesium oxide 

from different souroes was determined and it waw found that 

ohemioally pure magnesium oxide would be quite satisfactory. 

C.P. magnesium oxide as supplied by J,T. Baker 00. Ltd. was 

used throughout this investigation. The oxide was placed in a 

porcelain boat~and heated at 950CO. in an eleotrio muffle furnace 

for ten day. in the presence of a current of dry carbon dioxide 

free air, obtained by c1rcu1attng air througb a ooncentrated 
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solution of potassium hydroxide, a soda lime tower and finally 

through a calcium chloride drying tower. The porcelain boat 

oontaining the oxide was transferred quickly from the muffle 
,C:: 

to a vaouum desiccator oontaining phosphorous pentoxide and 

emall fragments of sodium hydroxide to remove water vapour and 

carbon dioxide. The desiccator was evacuated and the oxide 

was allowed to 0001. 

Before the weighing out of the oxide, the desicoator 

was filled with air ciroulated through a solution of potasBiun 

hydroxide and soda lime and calcium ohloride towere. In eaoh 

separate purifioation the air flow was regulated 80 that it 

took about two hours to fill the desicoator. The oXi.de was 

weighed as rapidly as possible to avoid contamination by carbon 

dioxide or water from the air. 

'l'he oxide oa10 ina ted as above, was the heavy inert 

variety, but an additional precaution was taken to be certain 

that all the oarbonate had been converted into the oxide and 

that all the ocoluded gas was expelled. Before a run was 

started eaoh sample of oxide was tested for gas content by the 

method of Riohards and Rogers (35). A pipette in the shape of 

a U was constructed with one side arm graduatad in tenths of a 

cubic centimetre. This was filled with air-free water, a known 

weight of the oxide was inserted through the open arm, wheD 

this had settled, a few cubic centimetres of conoentrated hydrOM 
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chloric aoid were added. the magnesium oxide was dissolved and 

any gaB liberated entered the graduated arm of the pipette, 

where its volume was measured. In every case the amount of gas 

given off was negligible, 0.025 co. per gram of magnesium oxide. 

On aooount of hygrosoopicity of magnesium oxide, it was 

found advisable to verify the weights of the oxide used by analys-
~. 

ing the solution at the oompletion of a series of runs. After 

several methods were tried, the one finally adopted was that 

suggested in J.H. Mennie's Elementary ~antitative Analysis. 

The magnesium was weighed as magnesium ammonium phOB-

phate hexahydrate. The values found by analysis agreed to within 

O.7~ with the original values In view of all the preouations 

taken it 1s apparent that impurities were present in suoh small 

amounts as to have an entirely negligible influence on the results. 
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2. Preparation of Solutions 

The prooedure followed and the preoautions taken in 

preparing the solutions, will b, described in detail. 

The oel1 was thoroughly oleaned, the side arm "V" was 

sealed off and the distilling bulb was sealed on to the side 

arm "W". The distilling bulb was oonstructed of three em. 

Pyrex tubing with a volume of approximately 100 cc. The side 

arm "We was eo arranged that when the oel1 was in place the 

dietill1ng bulb was completely outside the bath and that part 

of the arm close to the cell was of medium capillary bore to 

permit eelaing off under vacuum. 

The solenoid was slipped over the cell shaft and the 

cell was sealed to the rest of the apparatus. Before the 

evacuation pumps were started it was necessary to lower reser­

VOir "RJtf to prevent mercury from being sucked into the cell. 

Evacuation was continued for several hours to remove any mOisture 

and the apparatuB was left under vacuum overnight to test for 

leaka. At this stage the length of the stirrer stroke was 

determined by adjusting the height of the solenoid. The join, 

whara the cell 1s sealed to the apparatus, was oovered with a 

layer of asbeetos, wound with nichrome wire, and finally covered 

with another layer of asbestos. 

The apparatus was next filled with dry carbon dioxide -

free air by slowly admitting it from a soda lime tower and a 

phosphorous pentoxide drying tube. 
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The Bide arm "V" and the neck of the distilling bulb 

were blown open .to admit the magnesium oxide and the water. 

The magnesium oxide was rapidly weighed on glazed paper and 
.. 

introduced into the cell through a burette funnel. The ox1de 

tended to clog in the funnel but this was overcome effeotively 

by gentle tapping. The side arm "V" was now sealed off olose 

to the cell. 

The water was boiled to remove a portion of the dis­

solved gases. cooled, weighed in a: special pipette and t ran ... 

ferred to the distilling bulb, the neck of which was then sealed 

off. 1he pipette was again weighed and the difference found 

gave the weight of the water in the distilling bulb. The water 

was fromen from the bottom. of the bulb upwards by slowly raising 

a Dewar flask oontaining oarbon dioxide - acetone freezing mix­

ture around the bulb, greatest care had to be taken during this 

process, to be certain that the water surfaoe did not freeze 

over before the main body of water was frozen, otherw1se the 

bulb would burst. Onoe the water was frozen the apparatus was 

exhausted by the evaouation pumps. Beoause of the low vapour 

pressure at -7goC, no appreoiable amount of water vapour was 

lost during evaouation. 

The meroury was raised in the U-shaped out off by 

applying pressure to IR!' and the ice was allowed to melt. 

It was DeceBsary to exeroise great care during this prooess 



- 38 -

to prevent the bulb from breaking, ae would result if & layer 

of wa tar formed between the gla8s wall and the ice and then , 

froze again. Of the d1fferent methode tried, the one finally 

adopted was to cover the bulb with several layere of oloth 

immediately after the removal of the freezing mixture 

The water was again frozen in the same manner. Because 

of the reduced air pressure over the water surface, very little 

gas wa.s dissolved on the second freezing. When the water was 

oompletely frozen, a period of at least fifteen m1Du~eB was 

allowed for the water vapour in the system to condense and freeze 

before the mercury was withdrawn from ~he cut off and the appara~u8 

evacuated for the second t~8. The prooedure was carried out until 

no air bubbles were seen to rise from tbe water as the ice melted. 

When the water was oompletely free of air the mercury was raised 

111 the shut off and the atop...cock "s.," was olosed. 

Tbe water in the distilling bulb was gradually warmed 

until a temperature was reached at which it began to distill into 

the cell. During this process the bath was cooled to about 500. 

either by circulating water or lime solution through the cooling 

coils to aocelerate the distillation. 

When all the water bad distilled over into the cell, 

the distilling bulb and the connecting tubing were flamed to 

expel the rema.ining water va.pour from the bulb and the side arm 

'W' waaaealed off at the oapillary seotion of the side arm. 

This completad the fo~ation of the water - magnesium 
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oxide mixture and everything was now ready for the introduot1on 

ot the desired amount of sulphur dioxide. 

Pure sulpbur dioxide after three fractional distill­

ations was stored in the solid state in the bulb "H4". Prior 

to measuring 'out the Bulphur dioxide, any air that may have 

come over from the supply cylinde-r was removed by closing stop­

cock "S2" and opening "Bi" for a few seconds, then closing "Sl"' 

opening "8 2
1 and evacuating the ~etem. This operation was 

out 
oarfied/several times to assure the removal of the last trace 

of air. The st~ocks "84"' "SS" and "86" were now opened and 

this section of the apparatus was flushed out several times 

with pure sulphur dioxide from "H4". 
then shut and the apparatuB evacuated until the pressure as 

read from the MoLeod Guage was reduced to at least lO-3mm., 

and the stoP-Oook "62" was olosed. 

The stop-cock "Sl" was now opened, the freezing mixture 

was removed from around the bulb "H48 and the pressure of the 

gas was followed on the manometer "CI. When the desired 

pressure was reaohed, .. ~ II was closed and the liquid sulphur 

dioxide that remained in the bulb "H4" was allowed to evaporate 

through the mercury valve '0" to the fume oupboard. 

A period of at least fifteen minutes was allowed to 

elapse before any read1ngB were taken, to permit the gas to 

reach temperature equilibrium with the tubing. The mercury 

was raised to the 10 cm. on the right hand side of manometer "0", 
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by applying either pressure or vacuum to the meroury reservoir 

"R " 2 • Both temperature and pressure were reoorded. 

The gas in the oalibrated volumes "F' and IG" and 

oonnecting tubing was condensed into "H5" by Burrounding it 

with a Dewar flask oontaining the freezing mixture and the 

stop-..cock -86" was closed. 

The sulphur dioxide was transferred from "H5" to the 

cell in the following manner. The mercury waa withdrawn from 

the cut off, the oarbon-diox1de ~ acetone freezing mixture was 

removed from around IIH5-, the liquid sulphur dioxide was allowed 

to warm up for a few minutes and the stop-cock '87' was opened. 

The pres-sure whioh had developed during the warming up oaused 

the gas to rush through the conneoting tubing and into the cell 

where it rapidly dissolved in the water. The rate at whioh the 

gaB dissolved, could be determined by watChing the level of the 

meroury in Boale "B", if the pressure developed became too grea~ 

that i8, if the liquid sulphur dioxide evaporated at a greater 

rate than that at which the gas was dissolved in the water, 

bulb "H51 was surrounded momentarily by the freezing mixture 

to decrease the rata of evolution of the gas. To increase the 

rata of solution of the sulphur dioxide, the temperature of the 

bath was held as low as possible and the magnetio stirrer was 

started and adjusted to assure adequate stirring of the magneSium 

ox1de~ater mizture in the oell. 

When all the liquid sulphur dioxide had evaporated 
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from bulb "!!s" and the gas in the tubing was in e qu111brium 

with that of the system magnesium oxide ~ sulphur dioxide -

water in the- oell, the mercury was raised into the out off, 

and the mercury-seal capillary to "L;" and the capillary U-

tuba surrounded by a Dewar flask oontaining the freezing mixture. 

The gas that remained in the oonnecting tubing was oondensed 

back into the bulb "H5" by replacing the carbon~ioxide - aoetone 

freezing mixture. The stop-oock "Sr" was closed, "86" was open­

ed and the freezing mixture removed from around the bulb "H5". 

The pressure of the residual gas was measured on manometer "C". 

A co'rrection had to be applied for that fraotion of the gas 

remaining in the tubing between "87" and the mercury in the cut 

off armi.at the gas pressure of solid sulphur dioxide at -7l!GO. 

In both pressure measurements the following readings had to be 

taken and recorded. 

1. The pressure as read from the manometer "C". 

2. The temperature of the mercury in the manometer. 

J. '!'he temperature of the connecting tubing. 

4. The temperature of the water bath surrounding 
the calibrated volumes "F' and "G". 

From the above readings, it was possible to caloulate 

the exact weight of the sulphur dioxide injeoted into the oell. 

Tbe method of oalculating the weight of the sulphur dioxide will 

be disoussed in detail in the seotion dealing with caloulations. 

A run was then made in the manner described below. At 
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the oompletion of the run the bath .·3.8 oooled to room temper­

ature, the freezing solution removed from around the U-oapillary 

and the mercury drawn down into the reservoir "~". Any 

mercury remaining in the capillary was expelled by oareful 

flaming with hand torch. The alLount of sulphur dioxide whioh 

was desired to be added for the seoond run was weighed, con­

densed into bulb ftH5" and injected into the cell as described 

befora; the meroury was raised into the capillary, the seal 

frozen and the run started. 

When a series of runs had been completed oovering the 
• 

desired sulphur dioxide concentration range for a definite 

magnesium oxide concentration, the oe11 was cut out and the 

liquor filtered and kept for analysiS. The cell was thoroughly 

cleaned, dried and the oomplete prooedure of preparing the solu­

tion repeated, using a different ratiO of magnesium oxide to 

water. 
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3. Operating Technique 

Prior to making a run, the stirrers, thermoregulator 

cirouit and heating units were examined and final adjustments 

made. The temperature of the oil bath was raised to the temper-

ature at whioh the first vapour preseure-.. asurement was to be 

made. The thermoregulator was set and the heater was adjusted 

to give the proper amount of heat. As the temperature increased 

the mercury level was kept at the zero point OD Boale "BI by 

raising the mercury reservOir "R3" and it was necessary at all 

times during a run to keep the meroury level within the lagged 

seotion of scale "B" to prevent oondensation of water vapour 

on the surfaoe of the meroury. 

When making a run with a low sulphur dioxide ooncen­

trat1on, it was neoessary to allow sufficient time for all the 

sulphur dioxide t~ combine with the ~gnesium oxide. In oertain 
before 

instances it was necessary to wait three days /starting a run, 

this was oaused by the very slow rate at which the magnesium 

oxide dissolved. In general, two hours were found to be 

sufficient time for a ~o phase system to come to equilibrium. 

When equilibrium was finally reached, as indicated by 

the constancy of the mercury level in scale "B" over a period 

of an hour, the following readings were reoorded: 

1. 

2. 

3· 

The temperature of the oil bath. 

Height of mercury in large manometer. 

Temperature of the large manometer (top, 
middle and bottom). 
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4. Temperature of the lagged tubing conneoting 
the oell to the large manometer. 

This completed, the temperature of the oil bath was 

increased and the next reading taken. In most oases the vapour 

pressures were determined at ten degree intervals either up to 

1300 0. or until the pressure had increased to approxiaately four 

atmospheres. The pressure was not raised above four atmospheres 

beoause the danger of the~cell bursting was rather great. 

If it was found neoessary to have values -corresponding 

to higher tempera~ures, these were obtained by extrapolation, 

these values were quite aoourate since a straight line relation­

ship was obtained when the logarithm of the total vapour pressures 

was plotted against the reciprocal of the absolute temperature. 

Check points were made with descending temperature and 

the values agreed with the former values to within experimental 

error. These check values showed that the phenomenon of 

hysteresis was absent. 

For several runs it wae observed that the sl9pe of the 

line changed, indicating the presence of a transition point 

It was advisable to investigate this region to determine whether 

the ohange in slope was gradual or at one particular temperature. 

In several cases the vapour pressure was determined at one degree 
~ 

intervals on either side of this point over a temperature range 
~ 

of ten degrees. Plots of the data showed that the slope ohanged 

gradually. 

At higher temperatures it was necessary to include the 
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auxiliary ·heater to maintain temperature limits controllable 

by the thermoregulator- As the higher pressures were developed 

in the cell. it was neoessary to pump air into the reservoir 

"BJ" with a bioycle pump in order to keep the mercury in scale 

"B" at the zero mark. 

The greatest preoaution had to be taken throughout a 

run to keep the mercury at the zero mark on scale IBI. On 

cooling the oil bath it was necessary to lower the mercury in 

Bcale "B" constantly, otherwise the mercury was foroed over 

into the cell from soale "B". 
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o. Factors to be Considered in the Calculation of the Results 

1. calculations on the Apparatus. 

2. Calculations on the Introduction 
of the Reagents. 

J. Calculations Necessary to Place 
the Data in a Useful Form 
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1. Caloulations o~ the Apparatus 

Considerable time was spent on the calculations as 

they were ~uite oomplicated though not difficult. The pro-

cedure followed will be explained and for the sake of olarity 
. 

type calculations will be inoluded. 

The volume of the gas measuring system was aocurately 

determined. The volumes "~ and "GI from which the other volumes 

were determined, were oa.librated up to the stop...oocks by weighing 

them full of water and then empty and applying the necessary 

denSity oorrections. 

The gas measuring and the introduotion B,Ystems includ-. 
ing the oell were divided into four seotions, the VOlume of eaoh 

being measured separately (Fig. 1). The seotions are as follows: 

Section !: 

The oonnecting tubing limited by the stoP-Oocks 

"Sl"' "~"t ns,', IS41, "85 ft , 187 ft and the 10 om. mark 

on manometer .0". 

Section B: 

The connecting tubing limited by stop..cook '~', 

the mark .~" and ftL41. 

Section C: 

The capillary tubing between "LJ' and ftL41. 

Section D: 
The tubing including the oell bounded by '~' 

to the zero mark on scale 'B". 
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The volume of sections A, B and D was determined in the 

same manner, as follows. The calibrated volumes, "F' and "G­

were filled with dry air at a known pressure and temperature. 

This air was allowed to expand into the evaouated volume to be 

measured, the resultant pressure was read from the manometer 

and the temperature of the gas reoorded. The glass soale cor­

rection~was applied to the pressure readings (49) and the un­

known volume was determined by applying the gas laws. 

The value of the unknown volume was· obtained by sub­

stituting the known values in the following equation. 

where: 

= Pressure of air in calibrated volumes (usually 
atmospheric) 

= Calibrated volume--' ("F' + "G"). 

= Absolute temperature of air before expansion. 

= Pressure of air after expansion. 

= 'fotal volume after expansion. 

= Absolute temperature of air after expansion. 

To evaluate the volume of section B the tubing at the 

point "L41 was sealed shut, the mercury in the reservoir 1R2" 

was brought to the referenoe mark "L21 , and air was expanded 

into the evacuated tubing. Onoe the volume was determined the 

tubing was blown open and sealed to the capillary at "L4"· 
The volume of the oapillary tubing, section 0 was 
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determined in a diffe~ent manner. Its length was measured, and 

the amount of meroury oontained by a piece of oapillary of the 

same length and bore was weighed. This weight divided by the 
-

density of the meroury gave the volume. 

Thl total volume represented by the sections B, 0 and 

D, was determined by raising the mercury to the zero mark in 

80a1e IB" and expanding air from the knOWn values (·Section A, 

"F' and IG") into it. 

'!'he volume of seotion D had to be known in order to 

make correotions for the amount of sulphur dioxide that existed 

in the gas phase during a rub. '!'his volume was found by sub-

trac"ting the sua~of the volumes of seotions B and a from the , 

value representing the total vol~e of section B, 0 and D. 

Manometer Oonstant 

'lbe high pressure manometer was of the closed end type, 

a manometer constant had to be detennined, so that the scale 

readings could be expressed in terms of pressure in oentimeters 

of merc"ury. This oonstant was determined before the cell wae 

sealed into place, consequently the air pressure above the mer­

cury surface in scale IB' was atmospherio. A pOint on soale 

IA" exaotly level with the zero mark on soale "B' was deter­

mined with a large oathetometer. The mercury was now raised 

up to the zero mark on Beale IB', the barometric pressure 

recorded and the level of the mercury in the manometer was 
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read on soale "A". The temperature of the entrapped air in the 

manometer was read from three thermometers spaced along its 

length. 

data. 

The manometer oonstant was oalculated from the above 

The prooedure described above will be better understood 

by inoluding the caloulations for an aetual dete~ination. 

Observed Values 

Barometrio pressure: 75.12 em. (24.200.) 

o scale "BH oorresponds to 

Pressure on Bcale "A" 
2gQ.S2 em. on scale "Aft. 

Manometer temperatures 

Corrected barometrio pressure 
(50) = 

}04. S2 em. 

Bottom 

2400 

KiddIe 

2 .... gOC. 

74.83 oms. 

Difference between mercury level 
on Beale "B" and soale "A' J04.g2 em. 

200. g2 om. 
21f.OO cm. 

Top 

26 0 0. 

This figure was corrected to the corresponding figure at 000. 

by multiplying the density of mercury at the temperature of the 

manometer and dividing by the density of mercury at 000. 

24.00 x 13.536 
lJ.596 

• 2J.89 em • 

From the data of Gurd (2) for the oalibration of the manometer, 

the volume of the trapped air above the 304.g2 em. division was 

determined as follows: 
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Volume cc. Scale reading cm. Difference cm. 

255.63 32g.6} 304.~ 
233.91 301.25 }01.25 
21.72 27.}g }.57 . 

Volume correction = 3.57 x 2l.~ • 2 g~ • ~ cc. 
27.}g 

Volume of trapped air • --

The pressure exerted by the en~lo8ed air is equal to 

the atmospherio pressure plus the corrected difference between 

the mercury levels, i.e. 

Pressure 

From the 

Where: 

= 74.g3 + 2}.g9 - 9g.72. -
gas laws; 

PV - KT -
or, K = PV -T 

K = A constant. 

P = Pressure of the trapped air. 

V = Volume of the trapped air. 

T = Absolute temperature of the trapped ai~ 

By substl.tuting the values obtained into the above 

equation, the manometer constant was found to be: 

9g.72 x 236.74 = 7g.}2 cm4jOK. 
29g.4 

The manometer constant was determined' several times 

during this investigation and the values found agreed to within 

one par"t in five hundred. 
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2. Caloulations on the Introduction of the Raage~ 

It was not necessary to apply corrections for the weight 

of water Or magnesium oxide introduoed into the cell. The bulb 

from which the water was distilled into the cell was flamed by a 

hand-torch, and immediately sealed off. The volume of this bulb 

was approximately 100 cc. and therefore the weight of the water 

vapour that remained was negligl,ble in comparison to the weight 

of the water in the cell. 

The weight of the sulphur dioxide introduced into the 

cell had to be caloula ted. The gas was expanded in to a known 

volume at a known temperature,and the pressure exerted by the 

gas was reoorded, and the glass scale corrections were applied. 

The weight of the sulphur dioxide was oaloulated from the 

equation of Maass and Maass (5). 

where 

m • (6~.06 + (ll - 64.06) ~ x l! 
RT 

m = mass of the sulphur dioxide in grams. 

P = Pressure in atmospheres. 

T • Absolute temperature. 

V I: Volume in l1tres. 

R = Gas constant 

M = Moleoular weight of sulphur dioxide at 
temperature '1'. 

Since sulphur dioxide exhibits the property of assoc­

iation, the molecular weight varies with the temperature. The 
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molecular weight of the sulphur dioxide is given from a ourve 

constructed from the fOllowing data. 

too. K .. -
38.05 65.20 
22.90 65.27 
10.35 65.42 
1.40 65.60 
0.00 65.61 

-6.55 65.76 

-<f- A. final c~n!ctjBn had to be applied to the weight of 

sulphur dioxide injeoted into the cell, this was the weight of 

the gas which oooupied the connecting tubing'between stop-cook 

-87" and the level of the mercury in the right band arm of the 

mercury cut off. This oould be evaluated because the pressure 

of the gas at -7eCC •. and the volume of the tubing were known. 

With these values, the weight of the gas calculated 

from the gas law8 was.! found to be 0.0010 gma. 

Below are shown the oaloulations necessary to determine 

the weight of the sulphur dioxide injected into the cell, the 

values chosen were those for r.UD No. 2G. 

Press. Press. Bath Tube Man. Vol. Vol. Mol. 
cm. corr. Temp. Temp. Temp. Tube J'+G Wt" 

cm. oc. 00. 00. co. cc. S02 

Before 802 34.g3 ,46.9 24.0 24.0 24.0 10,.2 646.2 65.26 
injected 

After 802 
injected 13.2 13.2 24.11- 2lJ..3 2lJ..0 103.2 646.2 65.26 
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By Bubstituting the above values in the following 

equation, 
m = [64.06 + (M -64.06) pt x II 

::J RT 

therefore: m = f61j..06 + x 3j~i>,!l61x 346. g6 x 74~.11-l 
~ ~ 760 x 1000 x .0 207 x 291 

_ r64•06 + 120 x lli x 12. 2 x 646.2 1 L 7 760 x 1000 x .08207 x 297.3J 

_f64•06 + 120 x 1102 x 13.2 x 101. 2 ] 
~ 7 760 x 1000 x .08207 x 297.15J 

= 0.9067 -(0.02947 + 0.004709) 

= O.g725 gm. 

Oorreotion for S02 trapped in tubing = 0.0010 gm. 

Total weight of 802 injeoted into oell • O.gr152 gm. 
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3. Oalculations Necessary to Place the Data in 

a Useful ~orm. 

It was necessary to carry outa'series of calculations 

for eaoh reading before the data could be presented in the desired 

form. The observed and calculated values were tabulated for 

eaoh run. An explanation of the headings of each oolumn will 

show how the final values were obtained. 

Time: Sufficient time, in general two hours, was 

allowed for equilibrium to be reached before a 

reading was taken. Relative times were used beoauAe 

the time factor does not influence the results. 

Temp: The temperature of the thermostatically 

controlled oil bath surrounding the cell. 

Corrected Temp: The temperature of the oil bath after 

thermometer corrections had been applied. 

1: Tbe reciprooal of the correoted temperature. 
T 

scale: The values as read on scale "A". 

Height of Mercury Column: This is the pressure exerted 

by a column of mercury the height of which is the dif­

ference in level between the zero mark on scale "Bit and 

the value as read from Beale "A". Consequently the 

pressure is the dtlference between the reading on soale 
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"An and 280.g1. This difference is either positive 

or negative, depending on the height of mercury 1n 
in 

scale "An. Scale "A" was graduated/oentimetres read-

ing from the top to the bottom. The pressure exerted 

by this column of meroury is obtained by subtracting 

200.gl from the reading of Bcale "A" if the latter 1s 

numerioally greater than 280.g1, the pressure in such 

a case is negative. If the reading of scale "Aft is 

numerically less than 2gQ.gl, the reading of Boale "A" 
is Bubtracted from 2ao-gl and the pressure is positive. 

As was mentioned previously, the zero mark on scale "B" 

oorresponds to the 280.gl mark on scale "AM. 

Corrected Height of MercurI Column: This value was 

obtained by correcting the length of mercury column 

to the correaponding length at 000. 

Volume: The volume of the enclosed air above the 

mercury surface in the manometer. 

Manometer Temp: The average manometer temperature in 

degrees Absolute. 

Air Pressure: The pressure exerted by the a ir above 

the mercury surface in the manometer was oalculated 

with the aid of the formula P c ~, by substituting 

therein the values of the manometer constant, the 
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temperature and volume ocoupied by the air. 

Total Pressure: The sum of the air pressure and 

the pressure corresponding to "Height of Mercury 

Column" plus a small density correction to the six 

oentimetres of hot meroury in scale "Bn. 

Log Pressure: The logarithm oorresponding to the 

total pressure. 

Partial Pre.SINN of Wat~: The partial pressure of 

water vapour, at the correoted temperature of the 

oil bath. 

Times Mole Fraction: The total vapour pressure of the 

water was multiplied by the mole fraotion of water 

present in the solution, to oorreot for the lowering 

of the vapour pressure by the addition of the solutes. 

The mole fraction of water was calculated ~s follows: 

Weight of H20 
18 

Weight lIgO ~ __ - Weight S02 

40.3 ~ 

I 
_I 

I 

Eartial Pressure of Sulphur Dioxide: The partial 

pressure of sulphur dioxide at the oorreoted temper­

ature, was obtained by subtraoting the value of 

~T1mes Kole Fraot1o~ from the value of I!otal Pressure l , 
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Temp. of the GaB Phase: The mean temperature of the 

lagged tubing ot the cell-manometer system, as read 

from the thermometers Tl and T2 respectively. 

Weight of Sulphur Dioxide in the Gas Phase: To deter­

mine the weight of sulphur dioxide in the gas phase, 

the volume occupied by the gas above the surface of 

the solution in the cell to the zero mark on scale "B" 

had to be known. The gas volume was divided into two 

sections, that in the cell directly above the solution, 

at the temperature of the bath and that in the heated 

tubing at a much higher temperature. Knowing the 

volumes, the tempe~ature, and the partial pressures, the 

weight of sulphur dioxide in each seotion was calculated 

from the gas laws. The sum of the two gave the total 

weight of the sulphur dioxide in the gas phase. 

Weight of Sulphur Dioxide in the Liquid Phase: These 

values were obtained by subtraoting the weight of sul­

phur dioxide in the gas phase from the total weight of 

the sulphur dioxide injected into the oell. 

percent Sulphur Dioxide in the Liquid Phase: The weight 

of the sulphur dioxide in the liquid phase divided by 

the total weight of oomponents. 

The calculations completed, the data were tabulated, 

from which ourves were constructed. The results and the dis­

oussion of the results are included in the section to follow. ~ 
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RESULTS. 

In the investigation of vapour pressures of the three 

component system magnesium oxide - su1phur~oxide - water, the 

experimental data for fifteen solutions having different sulphur 

dioxide concentrations are given. 'l'he vapour pressures were 

measured at appropriate temperatures between 20 0 0. and 1300 0. 

The fifteen solutions are classified in four groups or "series" 

corresponding to the d.ifferent concentrations of magnesium 

oxide employed. Series A, consisted of three runs, the sulphur 

dioxide ooncentrations were 2.19%, 4.30% and 6.24% respeotively, 

whi1e~the ooncentration of the magnesium oxide was approximately 

Series B, consisted of four runs, the sulphur dioxide 

concentrations were 3.63~, 4.75~, 5.S4 and 6.g6% respeotively, 

while the concentration of the magnesium oxide was approximately 
. 

l.()~. Series 0, consisted of four runs, the sulphur dioxide 

concentrations were 4~2%, 5.19%, 6.15%, and 7.11% respectively, 

while the conoentration~ magnesium oxide was approximately 1.4%. 

S'eries F consisted of four runs, the sulphur dioxide concentrations 
. ... 

were 2.6g~, 5.4~, 6.ll~, 7.07% respeotively, while the con­

oentration of magnesium oxide was approximately l.g%. 

In the case of run No. IF the sulpbur dioxide present 

was not suffioient to dissolve all the magnesium oxide and 

oonsequently the system was three phase throughout the run. 
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However, all the otheswere two phase over the entire temperature 

range investigated. 

The vapour pressures of the three-phase system No. IF 

are praotically similar to those of pure wat,er, and therefore 

the results are not of great interest. Howe~er, the inveeti-

gation provided a means of testing the apparatus. When the 

data obtained from run No. IF were plotted with total vapour 

pressure and temperature as ordinates, the values found fell on 

a curve parallel to the vapour pres~ure curve of water. The 

distance between tbese curves represented a pressure difference 

of approximately 0.39 em.''.: It was diffieul t to investigate the 
G' 

tnree phase system, since the presenc~ of the solid phase greatly 

retarded the rate at which the equilibrium was reached, this was 

more pronounced at the lower temperatures. The conclusions that 

can be dr_wn are, that the calibration of the manometer and the 

determination of .the manometer constant are correct and that the 

manometer is capable of measuring accurately pressures over the 

entire range investigated. 

The percentage of each oomponent is calculated on the 

basis of the total weight of the sulpbur dioxide (in the liquid 

phase), magnesium oxide and water. The actual concentrations 

o-f the magnesium oxide and sulpbur dioxide present in each solution 

examined, will be ii.cussed in another paragrapb. 
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A considerable amount of oaloulation was involved pefore the 

experimental data could be tabulated. The number of observa~ 

tions and the mathematical treatment of each tnat must be made 

for a partioular run was discussed in detail in the previous 

section. It will be readily realized that it is impossible 

to include all these data for each run. However, suffioient 

data has been included to permit the recalculation of any 

value. The experimental data are summarized in two sets of 

tables" the sertes tables and the run tables respectively. 

The tables 1 to 4 inolusive are the series tables, 

they oontain values common to every rUn in that particular 
G , 

1 

series. Although the column headings are self-explanitorr, 

one or two deserve further explanation. Under the headings 

"Initial Gas Temperature and Residual Gas Temperature" two 
.... :;-.... : 

temperatures are recorded, the top value is the temperature 

of the system No.1, the lower value that of the calibrated 

volumes "Fit and II GI •• The pre8sures recorded bave all been 

corrected to OGO • 
. 

'1' The figures in the last column represent the average 

temperature of the gas phase, this temperature did not remain 

constant throughout a run but varied about five degrees from 

the figure recorded. 

It will be observed that in the case of Series A run 

No.'l, Series B run No.2, Series OJ run No.1 and also Ser1es F, 

run No.2 it was necessary to inject a second amount of sulphur 



aeriel 6. 

In1tial Re8idual Volume VollDlle IIl1t1il ReSidual Vol. of Gas Te.p. 
am •• GIla. Manom. Ga- of of GaB Gas GlBs. Phase of 

Run Water )(gO Press. Preas. System "F' + Temp. Temp. S02 In In GaB 
ems. oma. No.1 "G- B1llb Heated Phase 

oc. (Co.) Tube 

25.0 24.9 
1 

gg.822 0.5950 ,2.55 2.07 103.20 646.22 2~.5 24.g 

48.53 l.gl 10;.20 646.22 26.9 27.0 2.0051 13.6; 22.53 140 0 

26.9 27.0 I 

24.7 alt-.g 0'\ 
N 

2 gg. !22 0.5950 78.67 1.70 10).20 646.22 24.4 24.7 4.0;67 12.15 22.53 150 0 I 

24.0 23.9 
:5 gg.g22 0.5950 76.27 2.49 10;.20 646.22 21f..O 2;.9 5.9870 10.74 22.53 175 0 

TABLE 1 



Seriel B. 

Init1al Residual Volume Volume Initial R8aidual Vol. of Gas Temp. 
Run GlaB. (JaB. M&1'101l. GaB of of GaB GaB Gma. Phal. of 

Water :MgO. Press. Press. ey.tem "'" S02 In In GaB Temp. Temp. oms. oms. No.1 + Bulb Heated Phase 
00. "G" (00,) Tube 

646.22 
23.1 23.6 

2 74.4go 0.8297 ;6.77 0.91 10;.20 22.9 2>.5 2.g338 31.;5 22.5 195° 

25.7 24.g 
3 74.480 o. g297 36.g; 1.-9 10;.20 646.22 25.6 24.7 ;.7533 ;0.00 22.5 190~ I 

2,.0 25.2 
0'\ 

'-N 

4 714-.4go o. g297 36.82 1.79 10;.20 646.22 2 .5 25.2 4.6682 29.34 22.5 180 0 J 

24.8. 24.9 
5 74.480 o. g297 36.39 2.11-1 10;.20 646.22 24.8 24.6 5.5549 2g.69 22.5 185 0 

I 

24.1 2~.2 
·.1 74-.4gQ 0.8297 74.45 2.54 103.20 646.22 j 23.9 2 .9 1.g922 - - -

TABLE 2 
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In! t1al Residual Vol\DDe Volma In1 t1al lfis1dual-------- - Vol. of GaB Temp. 
Run amI. ama. Manoa. Ga. of of GaB GaB Oms. Phase of 

Water MgO Press. Press. System "r". eo In In GaB 

1 

2 

J 

4 

oms. oms. No.1 + Temp. Temp. 2 Bulb Heated Phase 
00. IGW (oc) Tube 

7}.268 1.0486 6,.01 o.g 10;.19 646.22 

61.02 1.014- 10,.19 646.22 

7}.268 1.0486 ;~.6g 1.32 10;.19 646.22 

7;.268 1.04g6 32.54 1.92 103.19 646.22 

73.26g 1.0486 33.68 1.41 103.19 646.22 
• 

TABLE ; 

25.g 
25.9 

25.g 
25.9 

24.0 
24.0 

2,.0 
22.9 

2).9 
2;.g 

26.0 
25.9 

25.g 
25.g ;.1952 31.36 22.67 

24.3 
24.4 4.0677 30.98 22.67 

24.5 
24.5 4.8708 30.40 22.67 

24.1 
24.1 5.6891 29.82 22.67 

125 e 

140° 

135 0 

1400 

1 
Q"I 
-I=' , 



Ser1es r. 
I 

~~- --------
I l ) 

Initial Residual Volume Volume Init1al -Res1dual Vol. of Gas 
BuD GIns. am.. lIanom. Gas of of Gas Ga. Pha •• 

Wa"t4lr MgO Pr8s8. Press. System 'r' '1' m. ,GruB. In I In 
omB. oms. wo.1 + 8~p. ~ ap. S02 Bulb Heated 

00. "G' (OQ) Tube 

1 74.5'1 1.34g9 78.59 O.~ 

74.531 1.34g9 49.51 0.83 
2. 

40.64 1.12 

:5 74.531 1.34g9 24.91 1.66 

·4 74.531 1.,489 34.06 2.11 

24.7 
10;.19 646.22 24.7 

25.0 
10;.19 646.22 25.0 

25.0 
lOJ.19 646.22 25.0 

26.2 
103.19 646.22 26.6 

23.5 
103.19 646.22 23.~ 

TABLE 4 

24.2 
24.2 

24.0 
24.0 

24.7 
24.g 

26.0 
26.1 

23.2 
2;.2 

2.04g6 31.18 22.67 

4.3367 29.53 22.67 

4.9378 29.09 22.67 

5.7749 2g.-9 22.67 

Teap. 
of 
Gas 

Phase 

135-

135 0 

135 0 

130 0 

I 

8 
I 
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dioxide before the desired oonoentration was reached. The 

figures for the first injeotion of Bulphur dioxide for Series 

B run No.2 are reoorded in the last horizontal oolumn of Table 2. 

Tables 5 to 19 show the experimental data for each run. 

J'r·om the data ourves were plotted on four separate graphs, 1.e., 

one for each series. The reoiprocal of the absolute temper­

ature was plotted as absoissa with the logarithm of the total 

vapour pressure in oentimeters as ordinate. The oonoentration 

ot the sulphur dioxide in the liquid phase was plotted as the 

other ordinate. The 'graphs for Series B, Series G and Series 

F eaoh oontained eight ourves, while that of Series A contained 

six, making a total of thirty ourves. Figute 4 shows these 

ourves plotted from the experimental data for series G. 

In ".the final table of results, the valuea for the 

total vapour pressure of solutions containing evan percentages 

of sulphur dioxide and magnesium oxide are recorded. 
t 

Before it was possible to obtaim these values, it was 

necessary to oonstruct several sets of curves to acoount for 

the change in the cenc8Dtration of the solutions that ocourred 

during the investigation of each Series. Take for example a 

solution in which the sulphur dioxide concentration was 5~ at 

the start of a run, with increasing temperature, a greater 

amount of the gas would leave the liquid phase, oonsequently 

the oencentration of the sulphur dioxide in this phase would 

decrease. This change in the sulphur dioxide conoentration 
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Figure 4 
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Seri •• A Run 1'0. 1 

g8.8215 gma. H2O • 0.5950 glBS. )480 • 2.0051 gme. B>2 , , 
Observed Value a Calculated Value. 

Bath Manom. A.verage Percent Peroent Bath Vapour 
'remp. Scale Manom. ED in )(~ in Temp. Pressure 

Reading. Temp. So1~t10D So utiOD Corr. ems. 

19.0 358.30 295.4 2.189 0.6508 19.0 5.7 

30.9 356.10 296.3 2.187 0.6508 30.9 8.9 

40.7 353.13 296.4 2.185 0.6508 40.7 12.8 

50.9 34!.85 297.1 2.184 0.6508 50.9 18.4 
-

65.8 ;38.95 297.; 2.181 0.6508 65.8 }O.9 

73.8 J}1.42 297.; 2.179 0.6508 73.8 40.6 

86.3 315.11 297.4 2.176 o.65og 86.3 61.5 

93.8 302.55 297.4 2.175 0.6508 93.8 77.7 

99.1 293.05 299.} 2.174 0.650g 99.1 91.; 

99.4 291.62 297.8 2.175 0.6508 99.4 92.5 

109.6 267.50 298.5 2.173 0.6508 109.6 126.5 

120.0 235.85 298.5 2.169 0.6508 120.0 172.9 

60.6 3~l.O5 298.1 2.184 0.6508 60.5 25.6 

TABLE 5 
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Seri8. A Run No. 2 

g8.8215 gms. H2O • 0.5950 gms. KgO • 4.0367 glBS. 8)2 , , 
Observed Value. Caloulated Values 

Bath Manom. Average Percent Percent Bath Vapour 
Temp. Scale Jlanom. 80 2 in KgO in Temp. Pressure 

Reading T8IDp. Solution Solution Corr. ems. 

20.1 344.41 297.4 4.296 0.6367 20.1 23.6 

30.3 335.98 297.1 4,287 0.6367 30.3 34.5 

40.1 325.52 297.6 4.276 0.6367 110.1 47.8 

50.1 312.53 29g.0 4.264 0.6367 50.1 64.7 

60.2 296,g1 297.9 4.251 0.6367 60.2 85.6 

70.6 277.16 297.g - 4.235 0.6367 70.6 112.6 

go. 2 256.02 297.9 4.219 0.6367 go.2 142.7 

90.3 230.72 29g.0 4.201 0.6367 90.2 lSO.O 
• 

0.6367 100.1 203.15 298.3 4.182. 100.1 225.7 

85.6 243.11 296.8 4.209· 0.6367 85.6 161.2 

109.9 174.80 296.9 4.162 0.6}67 109.9 277.} 

TABLE 6 
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Series A Run 1'0. 3 

gg.g215 gms. H2O • 0.5-950 gma. MgO • 5.9g70 gms. 802 , , 
Observed Values Calculated Values 

Bath Manom. Average percent peroent Bath Vapour 
Temp. Scale )(anom. 802 in MgO in Temp. Pressure 

Reading Temp. Solution Solution Corr. cms. 

20-2 329-6$ 295.7 6.23g 0.6237 20.2 42.3 

30.5 315.55 296.1 6.223 0.6237 30.5 60 .. 2 

39.9 299.32 296.5 6.206 0.6237 40.0 gl.7 

50.1 27g.g2 295.9 6.1g5 0.6237 50.1 109.7 

70.0 229.10 296.7 6.115 0.6237 70.0 203.0 

79.9 200-75 297.0 6.079 0.6237 79.9 257.4 

90.2 171.20 297.1 6.044 0-6237 90.1 323.6 

100-4 141.90 296.9 6.004 0.6237 100.4 404.3 

60.3 254·90 296.4 6.143 0.6237 60.3 15g.4 

52.3 27J~56 297.1 6.1~ 0.6237 52.3 117.5 

60.0 255.50 29g.6 6.150 0.623.7 59.9 157.4 

70.1 22g.1g 297.6 6.222 0.6237 70.0 204.6 

TABlE 7 
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Serie. B Run No. 2B 

74.479 gmB. H2O • , o. S297 sms. KgO ; 

Observed Values 

Bath 
Temp. 

20.3 

30.6 

40.3 

50.6 
60.5 

70.7 

~.5 

90.7 

100.6 

111.1 

123.3 

25.7 

105.4 

29.6 

llanom. 
Scale 

Beading 

357.33 

355.19 

351.25 

345.46 

338.63 

329.20 

317.49 

301.94 

282.52 

256.31 

219.79 

356.39 

271.60 

355.40 

Average 
Manom. 
Temp. 

297.2 

298.9 

298.2 

296.8 

296.9 

296.9 

296.8 

297.0 

297.4 

297.6 

297.3 

297.8 

298.7 

29g.9 

Calculated Values 

Percent 
8) in 

Sol«tion 

3.614 

3.612 

3.608 

3.602 

3.597 

3.591 

3.5g6 

3.581 

3.576 

3.570 

3.568 

3.613 

3.5n 

3.612 

TABLE 8 

Percent 
KgO in 

Solution 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

1.062 

Bath 
Temp. 
Oorr. 

20.3 

30.6 

40.3 

50.7 

60.6 

70.g 

go.5 

90.8 

100.6 

111.1 

123.4 

25.8 

105.4 

29.6 

Vapour 
Pressure 

oms. 

7.6 

10.8 

14.9 

22.} 

31.0 

42.9 

58.1 

78.5 

105.1 

142.3 

197.7 

9.0 

120.9 

10.5 
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Series B RuB .0. 1 

74.479 gme. HtJ • , 0.8297 gms. llgO • , 
Observed Values 

Bath 
Temp. 

20.5 

30.5 

50. If. 

60.6 

71.2 

go. 8 

90.9 

100.5 

111.1 

121.0 

lIanom. 
Seale 

Reading 

349.17 

343.22 

325.41 

312.31 

296.76 

279.;0 

25g.03 

233.72 

203.90 

174.111 

Average 
Manom. 
Temp. 

297.9 

29g.6 

29g.0 

297.2 

296.5 

296.g 

298., 

298.1 

29g.5 

29g.6 

Calculated Values 

Percent 
£1)2 in 

Solution 

4.716 

4.704 

4.673 

4.656 

4.63g 

4.620 

4.600 

4.587 

4.557 

4.53g 

TABLE 9 

Percent 
)fgOin 

Solution 

1.049 

1.049 

1.049 

1.049 

1.049 

1.049 

1.049 

1.049 

1.049 

1.049 

Bath 
Temp. 
Corr. 

20.5 

30.5 

50.4 

60.7 

71.3 
8O.g 

90.9 
100.5 

111.1 

120.9 

Vapour 
Pressure 

oms. 

17.9 

25.7 
4g.1 

64.g 

85.2 

109.0 

140.1 

171.3 

224.6 

279.2 



Series B Run No.4 

Observed Value. 

Bath 
Temp. 

2O.Je. 

29.9 

40.5 

49.7 

60.5 
60., 

70.6 

go.7 

90.5 

100.2 

110.9 

116.g 

lIanom. 
SCale 

Reading 

}40.g 

}}l.69 

}1~.22 

}05.go 

2g7.50 

287.39 

267.59 

244.g, 

219.15 

192.61 

162.42 

145. go 

Average 
llanom. 
Temp. 

29g.1 

297.} 

297.5 

297.8 

29g.1 

295.0 

297.6 

29g.} 

297.6 

29g.0 

297.4 

297.4 

- 7J .. 

• 
J 4.66S2 gms. 11>2 

Caloulated Values 

5.784 

5.767 

5.74lJ. 

5.721 

5.691 

5.691 

5.659 

5.625-

5.592 

5.559 

5.521 

5.501 

TABLE 10 

Percent 
Kg() in 

Solution 

1.037 

1.0}7 

1.037 

1.0;7 

1.037 

1.0,7 

1.0J7 

l.0}7 

1.0,7 

1.0,7 

1.0J7 

1.0;7 

Bath 
remp. 
Corr. 

20.4 

29.9 

40.5 
49.g 

60.6 

60.4 

70.7 

go.7 

90.5 
100.2 

110.9 

116.g 

Vapour 
Pressure 

oms. 

2g.5 

}9.9 

56.0 

7;.6 

98.4 

97.5 
126.4 

159.7 

199.2 

244.5 

}0}.9 

341.5 



~r1e. B Run Ho. ~ 

74.11-79 gma. H20 ; O. ~97 gras. KgO ; 

Observed Values 

Bath 
Temp. 

20.10 

}O.60 

J9.go 

60.50 

70.70 

go. ItO 

90.50 

107.00 

Manom. 
Scale 

Reading 

",.o! 
,19. gg 

305.39 

264.31 

239.29 

214.00 

196.32 

1~4.90 

Average 
Manom. 
Temp. 

297.9 

297.g 

297.6 

29g.4 

297.g 

29g.0 

29S.1t-

29S.5 

Caloulated Values 

Peroent 
802 in 

Solution 

6.802 

6.775 

6.746 

6.671 

6.62g 

6.5glf. 

6.537 

6.474 

TABLE 11 

Peroent 
llgO in 

Solution 

1.026 

1.026 

1.026 

1.026 

1.026 

1.026 

1.026 

1.026 

Bath 
Temp. 
Corr. 

20.10 

30.60 

}9.go 

60.60 

70.80 

go. 40 

90.50 

107.00 

Vapour 
Pressure 

oms. 

}g.} 

55.2 

74.1 

131.1 

167.6 

207.6 

256.3 

344.0 
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Serl •• G Ibm HO.l 

73.26go gliB. H2O • 1.04g65 g1IS. KgO • 3.1952 gIBe. 802 , , 
Observed Values Oalculated Values 

Bath Uanoa. Average Peroent Percent Bath Vapour 
Temp. Scale Manom. 802 in K80 in Temp. PreSBure 

Reading Temp. Solution Solution Corr. ca8. 

19.9 35g.99 297.6 4.123 1.353 20.0 5.8 

30.1 357.24 296.7 4.112 1.J5} JO.1 g.o 

39.8 355.06 29g.0 It..111 1.353 39.8 10.8 

50.1 351.46 29g.1 4.110 1.353 50.2 15.' 

70.1 339.51 297.9 4.10g 1.353 70.2 30.2 

59.g 346.19 297.1 4.108 1.353 59.9 21.6 . 

g9.9 316.12 297.7 4.106- 1.353 90.0 60.2 

110.9 272.50 29g.6 4.103 1.353 110.9 119.7 

125.2 228.55 29g.5 4.100 1.353 125.1 194.6 

gl.3 32g.25 29g.4 4.107 1.353 Sl.3 4 .... g 

TABLE 12 
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Series G Hun No.2 

73.26s> pe. H20 ; 1.04865 gma. KgO ; 4.o6n5 gms. 802 

Ob8erYed Values 

Bath 
'1'elllp. 

22.7 

30.6 

40.2 

11-9.9 

60.2 

90.5 

109.9 

125.2 

68.9 

)(&nom. 
Scale 

Reading 

349.20 

J45.24 

JJ9.25 

JJ1.59 

;21.27 

27;.77 

225.45 
179.2g 

;10.05 
--

Average 
Manom. 
Temp. 

295.6 

295.7 

296.0 

296.1 

296.5 

295.9 

296.1 

296.6 

295.6 

Oaloulated Values 

Percent 
SO in 
Sol~tion 

5.157 

5.150 

5.140 

5.12~ 

5.115 

5.072 

5.042 

5.019 

5.10; 

TABLE 1, 

Percent 
llgO in 

Solution 

1.}Jg 

1.J3g 

1.;;8 

1.J;g 

1.3;8 

1.3;8 

1.;3g 

1.;}8 

1.;}g 

Bath 
Temp. 
Corr. 

22.7 

;0.6 

40.2 

50.0 

60.; 
90.5 

109.9 

125.1 

69.0 

Vapour 
Pressure 

oms. 

17.4 

22.4 

;0.0 

}9.8 

5,.1 
117.0 

199.4 

269.0 

67.5 
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Series G --lam Ho. l 
7:S.26SO gma. H2O • 1,.0~65 gms. MsO • 4.8708 glBS. S02 , , 

Observed Values Oaloulated Values 

Bath llanom Average Peroent Percent Bath Vapour 
'l'8mp. Scale )(anom. S02 in )lgO in Temp. PreSBU!'8 

Reading Temp. Solut1on Solution Oorr. ems. 

22.9 }40.19 2~.1 6.097 1.324 22.9 28.2 

35.3 329.39 294.3 6.075 1.324 35.3 42.0 

50.1 312.25 294.9 6.042 1.324 50.2 64.3 

70.0 2S0.614- 295.2 5.9911- 1.324 70.1 107.0 

go.O 260.70 295.7 5.965 1.324 go.o 135.5 

90.3 236.55 296.0 5.936 1.324 90.3 171.2 

99.9 211.10 297.0 5.908 1.324 99.9 212., 

110.7 191.15 297.5 5.880 1.324 110.7 266.1 

120.2 153.~ 297.9 5.g53 1.324 120.1 323.00 

TABLE 14 
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Serles G Hun Wo. 4 

7).26go gIIs. H20 ; 1.04865 gillS. 1180 j 5.6891 gila. S02 

Observed Values 

Bath 
Temp. 

21.) 

29.9 

49.9 

69.9 

90.1 

100.0 

110.6 

59.7 

Manom. 
Scale 

Reading 

3)3.75 

324.55 

295.)1 

255.60 

204.98 

177.91 

14g.21 

27g.2g 

Average 
Manom. 
Temp. 

295.2 

296.6 

297.g 

300.11-

301.1 

302.1 

301.2 

302.7 

Calouiated Value. 

Percent 
SO in 

SOlltion 

7.01t.5 

7.020 

6.961 

6.gg9 

6.805 

6.768 

6.722 

6.929 

TABLE 15 

Peroent 
llgO in 

Solution 

1.311 

1.311 

1.311 

1.311 

1.311 

1.311 

1.311 

1.311 

Bath 
Temp. 
Oorr. 

21., 

29.9 

50.0 

70.0 

90.1 

100.0 

110.6 

59.g 

Vapour 
Pressure 

oms. 

36.7 

48.9 

g7.9 

111-4.9 

224.7 

275.1 

338.4 

113.1 
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Series F Run No. 1 

74.5}1 gma. H2O • 1. 3489 gma. MgO • 2.0486 gms. 102 , t 

Observed Values Oalculated Values 

Bath Manom. Average Percent Peroent Bath Vapour 
Temp. Scale Manom. 802 in llfu in Temp. Pre8aura 

Reading Temp. Solution So ution Oorr. cms. 

}5.4 360.2; 29g., 2.62g 1.731 35.4 4.5 

47.6 356. g4 294.4 2.62g 1.731 47.7 g.4 

61.3 350.7g 297.9 2.628 1.731 61.4 16.1 

70.~ 344.05 29g.2 2.627 1.731 70.9 24.6 

go.l 335.05 297.9 2.627 1.731 00.1 35.9 

89.9 322.14 299 .. 0 2.627 1.731 g9.9 52.g 

100.9 302.44 299.0 2.626 1.731 100.9 7g.7 

110.0 2g1.00 299.0 2.625 1.731 110.0 107.9 

TABLE 16 
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Serie. F Run Ifo. 2 

74.5l1 gms. H2O • 1.3489 gms. IlgO • 4.3367 gms. 802 , , 
Observed Values Oaloulated Value. 

Bath Manom. Average Percent Peroent Bath Vapour 
Temp. Scale Manom. S02 in lIgO in Temp. Pressure 

Reading Tellp. Solution Solution Oorr. ems. 

27.7 356.19 297.9 5.393 1.682 27.7 9.4 

35.2 354.37 29g.3 5.390 1.6~ 35.2 11.7 

45.1 350.92 298.4 5.389 1.682 45.1 16.1 

55. If. 346.02 29g.9 5.3g7 1.6~ 55.5 22., 

65.2 339.03 297.9 5.3S4 1.6g2 65.3 30.9 

75.1 330.00 298.2 5.381 1.6~ 75.2 42.5 

85.; 317.17 29!.8 5.377 1.6~ g5.3 59.3 

105.6 27g.10 298.9 5.370 1.6~ 105.6 112.0 

94.3 301.94 29g.g 5.;74 1.682 94.4 79.J 
\ 

1.682 2g.9 355.75 297.6 5.393 2g.9 9.8 

68.0 336.ij.g 298.1 5.3g} 1.682 68.1 34.2 

TABU: 17 
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Serie. I' Run Wo. 1 

74.531 gina. H2O • 1.)4g9 gma. IlgO • 4.937g galS. 102 , , 
Observed Value. Caloulated Values 

Bath Kanom. Average Percent Percent Bath Vapour 
Temp. Scale Uanom. S~ in )[80 in Temp. Pressure 

Reading Temp. SOlution Solution Corr. ems. 

29.9 347.39 297.7 6.077 1.669 29.9 20., 
39.! 341. go 29g.4 6.068 1.669 }9.g 27.5 

50.7 ;33.7g 29g.6 6.057 1.669 50.8 37.8 

60.7 324.11 29g.5 6.046 1.669 6O.g 50.1 

70., 312.49 29g.0 6.035 1.669 70.4 65.0 

80.2 29g.29 29g.5 6.024 1.669 go.2 ~.o 

90.4 279.61 29g.7 6.010 1.669 90.4 109.8 

99.9 25g.45 299.0 5.997 1.669 100.0 139.9 

109.9 2;1.31 299.2 5.9g; 1.669 110.0 1l!O.9 

6 .... 9 319.57 299.4 6.042 1.669 65.0 56.3 



.. g2 -

eer1eB J' Run WOe 4 

74.531 gtDS. H2O • 1.J4g9 gms. 1180 • 5. n50 gms. s~ , , 
Observed Values Calculated Values 

Bath lIanom. Average Percent Percent Bath Vapour 
Temp. Scale Il&nOJD. 802 in 1IgO in remp. Pressure 

Reading Temp. Solution Solution Oorr. oms. 

20.8 3~.4g 295.9 7.026 1.652 20.8 25.9 

29.8 335.50 296.4 7.012 1.652 29.g 34.9 

39.6 326.09 296.6 6.995 1.652 39.6 47.0 

49.6 314.15 296.7 6.975 1.652 49.7 62.5 

60.2 29g.95 296.5 6.951 1.652 60.3 82.5 

69.g 2g2.99 296.~ 6.92lL 1.652 69.9 104.4 

79.8 263.27 296.7 6.903 1.652 79.g 132.2 

90.0 239.79 297.0 6.g76 1.652 90.0 166.7 

TABLE 19 



of the solution, is shown by the Blight curvature of the oon-

centration ourve in Figure 4. The ooncentration of the Bul-

phur dioxide in the liquid phase oorresponding to any temper­

ature can thus be determined from these curves. 

The weight of magnesium oxide remains constant for 

eaoh series, but the concentration of the magnesium oxide varies 

for each run because the total weight of the system is inoreasing 

with eaoh additional amount of sulphur dioxide injected into the 

oell. It is evident that the conoentration of the magnesium 

oxide will be appreciably lower at the end of a Series than at 

the start of the investigation. As mentioned in the previous 

paragraph, the sulphur dioxide leaves the liqu1d phase as the 

temperature of the solution is increased, this oausee a alight 

variation in the ce.noentration of the magnesium oxide, wh1ch 

was found to be negligible. 

The graph <.Fig. 4) for Series G shows the type of 

curves obtained when the logarithm of the total vapour pressure 

is plotted against the reciprooal of the absolute temperature. 

When there was a relatively large amount of sulphur dioxide in 

the 8olutieu, the resultant curves were searly straight lines, 

the ourvature being so alight that a straight line could be 

drawn through all the experimental pOints; run NO.~ (rig.4) is 

an example of this type of curve. However, at the lower sul-

phur dioxide concentrations, it was observed that the curves 
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have a marked ourvature, run No.1 (Fig. 4) is typioal of these 

curves. AB the sulphur dioxide ooncentration increases, the 

curvature becomes less pronounced, this is the case for run. 
Nos. 2G and 3G. Since Figure 4 was inoluded for illustration 

purposes only, the pOints at which the slOpe of the curves 

changes are shown on the graph by dotted lines. These observed 

facts will be discussed in the next seotion. 

A second set of graphs were oonstructed showing i the 

variation in the total vapour pressure with inoreased sulphur 

dioxide concentration at approximately oonstant magnesium oxide 

conoentrations. '!'heae curves were obtained by drawing iso­

therms through the four sets of curves mentioned above, the 

isotherms were dra.wn at 2500., 5000., 7000., 9O°C., 11000. and 

130 0 0. Six graphs with four curves eaoh were obtained, Figure 

5 i8 an example of this type of ourve at 2500. 

These ourves indioate fairly aocu~tely what i8 taking 

plaoe in the solution, but they were not correoted for the 

variation of the magnesium oxide ooncentration that occurred 

during the investigation of a particular series. 

To make this correction a third set of six g~phs OOD­

.1ating of six ourves eaoh were plotted, showing the variations 

of the total vapour pressure with change in magneSium oxide 

concentration at oonstant sulphur dioxide conoentrations. !hese 

.era ban to show the isotherms at 2500., 50-0., 70GO., 9OCO., 

110 eo. and IJO 00 • 
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To construot these curves, pOints were looated oorres­

ponding to the pressures for even percentage.ooncentratioDs of 

sUlphur dioxide at the nominal conoentrations of magnesium oxide 

used in eaoh series i.e., at 0.6% for Series A, l.O~ for Series 

B, l.4~ for Series G, and l.~ for Series F. These pOints are 

shown on speoimen graph Figure 6 as hollow dots. Then another 

Bet of pOints were located using the same pressures but using 

the actual calculated magnesium oxide concentrations instaed 

of the nominal ones. These latter pOints are shown as solid 

dots. Through these the curves were drawn. A8 an example in 

Figure 6 the hollow point is drawn at exactly l~ magnesiwa oxide 

and at a pressure corresponding to the solution containing 6~ 

sulphur dioxide, but from Tabla 9 the actual concentration of 

the magnesium exide was found to be l.037~ when the solution 

contained approximately 6~ sulphur dioxide. The solid pOint 

was plaoed at 1.037~ magnesium oxide and level with the hollow 

pOint. The curves were d~awn through the solid dots, showing 

the aotual ohange in the total vapour pressure with increasing 

magnesium oxide conoentration when the sulphur dioxide Con­

oentration remained oonstant. The pressures reoorded corres­

ponding to zero peroent magnesium oxide are those of Oampbell (6). 

The final Bet of isotherms corrected for the variation 

iD magnesium oxide concentration were drawn up at 25CO., 50cc., 

7000., 9000., llOGQ. and 13000. from values taken from the total 



\.0 ., 
~ .... .. 
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vapour pressure - percent magnesium oxide curves, by plotting 

the total vapour pressure against percent sulphur dioxide at 

constant mangesium oxide concen~rations. Figure 7 is an 

example of this; type of ourve at 2500. The data from whioh 

these ourves were construoted are inoluded in Table 20. 
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TOTAL VAPOUR PRESSURES OF THE SYSTEM MgO - 802 - H2O 

Temp.era ture 25 0 50 0 70 0 90 0 110 0 130 0 

SC?2 MgO V.p. V.P. V.p. V.p. V.p. V.:.p. 

% <to em em em em em em 

1 0.0 9.0 26.0 52.0 97 c O 168 275 
1 0.6 3. 0 11.0 25.0 51.5 110 202 
1 1.0 2.5 9.0 23.5 50.0 lOS 202 
1 1.4 2.5 9.0 23. 0 50.0 lOS 202 
1 1.8 2.5 9.0 23. 0 50.0 lOS 202 

2 0.0 17.0 45.0 83- 0 143. 0 231 35~ 
2 0.6 6.0 18.6 3~.5 69.0 119 21 
2 1.0 3.75 10.0 2 .5 53·5 108 202 
2 1.4 3. 0 9.0 23.0 50.0 108 202 
2 1.g 2:5 9.0 23. 0 ·50.0 108 202 

3 0.0 26.0 b4.0 115.0 190.0 290 431 
3 0.6 13. 4 3Z·5 62.0 121.0 194 320 
3 1.0 7. 25 1 -0 35. 0 66.0 127 222 
3 1.4- 3.50 10-5 23. 0 51 • 0 lOS 202 
3 l.g 2.75 9.0 23. 0 50.0 108 202 

4 0.0 36•0 85.0 147.0 237.0 355 518 
lJ. 0.6 2~.75 59.0 10~.0 172.0 270 450 
4 1.0 1 .0 34.0 6 .0 110.0 , 186 ~OO 
4 1.4 5.75 14.5 26.0 56.0 112 07 
4 1.8 3. 0 10.0 23. 0 51.5 108 202 

5 0.0 47.0 106.0 1S3.0 283. 0 420 610 
5 0.6 35.75 82.5 143. 0 235.0 313 alg 
5 1.0 26.0 58. 0 102.4 209.0 2 7 
5 1.4 15. 0 33. 0 57. 0 102.0 171 272 

5 1.g 5. 0 12.0 25.0 55.0 110 202 

6 0.0 57. 0 12g.0 21~.0 330 •0 4S4 709 
6 0.6 47.4 107.0 18 .0 ~O2.0 47~. 70g 
6 1.0 37.75 82.0 141.0 224.5 34 513 
6 1.4 26.75 56.0 95.5 161.0 251 37g 

6 1.8 12.0 29.0 51•0 87. 0 172 251 

7 0.0 67.5 - - - -
7 0.6 5g. 2 - -
7 1.0 ~.5 - - -

1.4 38•0 -
7 - -
7 l.g 26.0 - -

Table 20. 
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DISCUSSION OF RESULTS 

In the present section the results obtained from the 

investigation of the vapour pressures of the three component 
-~ 

system magnesium oxide - sulphur dioxide - water will be dis-

cussed. It is believed that all the important equilibria 

that exist in such a system are inoluded in the reaotion charts 

shown below. The various equilibria present can best be repre-
-

sented by three oharts; No. I and No. II show the equilibria 

that exist in the two oomponent systems magnesium oxide - water 

and sulphur dioxide - water, respectively. Their oombination 

shows the principal equilibria existing in the three oomponent 

system magnesium oxide - sulphur diox1de - water, when the 

molar concentrations of the total sulphur dioxide acid is equal 

to, or less than the molar oonoentration of the magneSium oxide. 

Chart No. III Shows the principal equilibria that exist in the 

same system when the molar concentrations of the total sulphur 

dioxide is in a greater than a one to one ratio. 



(Mg ( OH) 2 ) so lid 
Jt 

lLg(OH)2 

Jt 
20Jr 

+ 
14g++ 

I 
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+ 

II 

MgS03 
(802)gas~20+802~ hH2803~H++HS03- + ~t++ 80

3
-- ~Mg+++2HS03-

III 

In the above equilibrium diagrams, the substances in 

the solid or gaseous state have been enclosed in curved brackets, 

to distinguish them from those in true solution. 
I 

As mentioned above Char'No. I sllows the equilibria 

that exist in the two component system magnesium oxide - water. 

On the addi tion of magnesium ,)xide to water, the sparingly 

soluble magnesium hydroxide is formed and that fraction in 

solution can be considered as almost oompletely ionized. 

Oonsequently an equilibrium is established be"tween the solid 

magnesium hydroxide and that undls800iated in the solution, 
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which in turn is in equilibrium with the magnesium ion and 

the hydroxyl ions. According to Koh1rausch and Rose (51) 

the solubility of magnesium hydroxide in water at 19oC. is 

9 mgm. per litre. They found the value of the solubility 

produot of Mg(OH)2 to be 1.22 x 10-11 , at the same temperature. 

Whipple and Mayer (52) found the solubility to be 12 mgm. per 

litre at 220 0. 

The equilibria existing in the two component system 

sulphur dioxide - water (Chart No. II) were suggested as a 

result of the investigations of Maass and Maass (5), Campbell 

and Maass (6) and Morgan and Maass (7).. It seems advisable 

to discuss briefly the results and conclusions obtained from 

the investigation of- this system, whioh may be considered as 

the three oomponent system, MgO - 802 - H20 when the concen­

tration of the magnesium oxide is zero. 

The sulphur dioxide in the gas phase is in equili­

brium with the sulphur dioxide molecules in solution, accord­

ing to the equation 

where h = Henry's constant 

p = partial pressure of 802 

The suluhur dioxide moleoules in solution are 
~ 

partially converted to sulphurous acid molecules, according 

to the equilibrium: 
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In accordanoe with the mass law, the above equilibrium 

is governed by the equation, 

Xl - [H2O] [Soa 
[H2S0~ 

II has been evaluated and was found to inorease 

rapidly with rising temperature, thus indioating that the 

dissolved sulphur dioxide which is present in the solution 

as sulphurous acid decreased with increasing temperature. 

Since, at a given temperature, the partial pressure of the 

sulphu-r dioxide is proportional to the sulphur dioxide mole­

cules in solution, the partial pressure would be greater at 

the higher temperatures. 

The sulphu~ous aoid in solution ionizes as a mono­

baSic acid and is in equilibrium with its ions, 

H so;::::~· H+ + HSO -
- 2 J :5 

the true dissooiation constant of sulphurous aoid may be 

expressed as, 

this constant does not vary appreoiably with temperature. 

The sulphurous acid can undergo 8 second ionization 

according to the equation: 

a+ + HSO - , ,.. 2H+ + SO--
J 3 

it has been shown that sulphurous acid behaves as a monobasic 
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acid even at great dilution, nevertheless, this secondary 

ionization, no matter how small, is a source of the sulphite 

ions. 

A study of the equilibrium diagrams above Show that 

when magnesium oxide is added to the system sulphur dioxide _ 

water, it forms the slightly soluble hydroxide which ionizes 

to a certain extent. In the presence of a small amount of 

sulphur dioxide, the magnesium hydroxide combines in a one to 

one molar ratio with the sulphurous acid to form the soluble 

magnesium sulphite. Hager (53) found that 100 parts water 

dissolved 1.2 parts Mg80
3 

at 200 0., and 0.83 parts at 1000 0. 

In the presence of an excess of sulphur dioxide the magnesium 

sulphite then combines in a one to one molar ratio with more 

sUlphurous'- acid to form magnesium bisulphi te which only exists 

in solution. 

I t is evident that the three component ays tem -rnag-

nesium oxide - sulphur dioxide - water, under various conditions 

involves a variety of equilibria. These can now be appro­

priately disoussed in connection with vapour pressure data. 

For convenience the logarithm of the total vapour pressure vs. 

the reCiprocal of the absolute temperature curves tnat were 

plotted from the experimental data (Tables 5 - 19). 

For Series F run No. 1 the conoentrations of the 

magnesium oxide and the sulphur dioxide present at the start 

of the run were 1.73% and 2.63% respectively, consequently 
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the amount of· sulphur dioxide in solution was not sufficient 

to combine with all the magnesium o~ide as magnesium sulphite. 

As a result the solid phase was present at all timeR. during this 

particular inyestigatlqn. 

The logarithm total vapour pressure - 1r curve was plot­

ted from the experimental data (Table 16), this curve was slightly 

oonvex downward. Where the vapour pressures of pure water were 

plotted in a similar manner, the resultant curve WB.S below that 

o! run No. IF but was nearly parallel to it over the entire 

tempera~ure range investigated; the average distance betweee the 

two curves .represented an average pressure difference of approxi-
... ~. ,." 

mate,;Ly 0.3 centimetres. An illustration of these eu.rves was not 

included, because when ~rawn to a reduced scale the distance 

between them was not apparent. This pressure difference r1ay be 

due to the presence of free sulphur dioxide in the bas phase, 

indicating that sulphurous acid is formed to some extent by 

the partial hydrolysis of magnesium sulphite, which is a salt 

of a weak base and a moderately strong acid. The sulphurous 

acid gives ~ise to free sulphur dioxide as shown in diagram II. 

Thus in a solution of magnesium sulphite, the molecules 

of the salt may hydrolyze in accordance with the equation: 

;::, =~. Kg ++ + so,,--
+ + 

:::, =~. '~If" + 2f 
(Mg(OH)2) B2so" 

Jt Jt 
(Mg(OH)2)allld (S02)gas 
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The magnesium sulphite will not be completely hydro­

lyse-d, since it is evident that as the concentration of tne 

hydrogen ions increase, the concentration of the hydroxyl iODS 

must beoome less and less. until finally, it is too small to 
• 

unite with the magnesium ions. When this occurs, hydrolysis 

stops and equilibrium is established. 

If, therefore, a solution contains bisulphite 10ns, 

it will have a vapour pressure higher than that of water, 

because of the sulphur dioxide that is formed in such a solution. 

An explanation is afforded by examining the above equilibria, 

where it is seen that the bisulphite ions combine with the 

hydrogen ions present from the dissociation of water, forming 

sulphurous acid which in turn is in equilibrium wi th the sulphur 

dioxide moleoules in solution, and finally these molecules are 

in equilibrium with the sulphur dioxide molecules In the gas 

phase. 

If more sulphur dioxide is added to the solution, so 

that the amount present is just sufficient to dissolve all the 

magnesium oxide, and the logarithm total vapour pressure is 

plotted as ordinate wi th the rec_iprocal of the absolute temp­

erature as abscissa, the curves are convex upward. The curve 

for run lG (Fig.4) is an example of this type of curve. The 

slope of this curve changed gradually as the temperature of 

the solution was increased. 

When the data of Oampbell (29) for the sulphur 
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dioxide - water system, were plotted in the same manner, the 

curves obtained were almost straight lines for solutions of 

low sulphur dioxide oontent, but exhibited a definite curv­

ature, oonvex downward at the higher su~phur dioxide concen­

trations. 

The shape of the curve for run lG Shows thattwo .1. 
reactions governing the equilibria are taking place, one pre-

dominant at low and the other at high temperatures. 

At the low temperature region, the curve deviates 

from that of the sulphur dioxide - water system, indicating 

that the solution is saturated with bisulphite ions that 

result from the dissooiation of the magnesium bisulphite. 

Their presence in the solution represses the di~sociation of 

the sulphurous acid, and as aconsequenoe the equili"brium is 

established so that there are more sulphur dioxide moleoules 

existing in solution, which will result in an increase in the 

partial pressure of the sulphur dioxide. Enckell (25) found 

that sulphur dioxide was less soluble in solutions of oalcium 

bisulphite than in water. Philip (54) showed that inactive 

gases were less soluble in solutions of electroly~es, than 

in the pure solvent but he assumes provisionally that the 

solute is hydrated and the water thus bound is unable to 

absorb the gas. This explanation does not seem logioal for 

a solution containing magnesium bisulphlte whioh is almost 

completely ionized. 
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As the temperature is raised the slope of the ourve 

gradually changes, showing that apparently there are more sul­

pbur dioxide molecules in solution than oan be aocounted for 

by the effect of temperature on the equilibrium: 

••• (1). 

With an increase in temperature the above equi1ibtlum 

shifts toward the left and the solution will have a greater 

ooncentration of sulphur dioxide molecules at the higher temp­

eratures; this is equivalent to a decrease in the concentration 

of the sulphurous acid. 

In addition to the above equilibrium (with increas­

ing temperature) the following equilibrium 

• • • • (2) • 

shifts toward the right, and a molecule of H2SO; is liberated 

for each mo~ecule of MgSo) present in the solution. This 

H~03 in solution is in equilibrium with the 802 molecules in 

solution, and by virtue of this extra amount of 802 molecules 

in solution the pressure is higher and the curve -is steeper. 

At low temperatures it is evident that the above equilibrium 

(2) will be toward t&e left, i.e. the dissolved magnesium 

salt will be the magnesium bisulphite. 
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With each additional amo~nt of sulphur dioxide the 

ohange in the slope of the curves was less pronounoed, thi8 

is clearly shown by the curves for runs No. 2G and No. 3G 

(Fig. 4, page 67).. When there is an exoess of sulphur dioxide 

present, the curve is very nearly a straight line because the 

concentration of the sulphurous aoid in the solution is such 

that is will keep equilibrium (2) far to the left even at high 

temperatures. 

If a solution contains a large excess of sulphur 

dioxide, as was the oase for Series A run No. ), the curve was 

approximately the same as when no base was present. This in­

dioates that the influenoe of the base will be proportionately 

less as the ooncentration of the sulphur dioxide is increased. 
) 

It was mentioned in the introduotion that the ob-

ject of this investigation was to measure the vapour pressure 

of the magnesium system, and as far as this data will permit 

determine the equilibria that exist in such a oomplex system. 

In an attempt to obtain a oomplete understanding of the various 

equilibria involved, as well as the faotors governing the 

equilibria, the logarithm of the total vapour pressure vs. 

the reciprooal of the absolute temperature curves, were oon­

structed for solutions of constant magnesium oxide and sulphur 

dioxide concentrations. On the same graph, curves were drawn 

in a similar manner for aqueous solutions of sulphur dioxide 

at concentrations corresponding to the difference between the 
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total and twice the combined as well as the differenoe of the 

total and combined. It was observed that in every case, the 

ourves representing the magnesium system were found to lie 

between those of the total - 2 x oombined and the total -

combined, and that the relative position of the experimental 

ourve was dependent on the ooncentration of the sulphur dioxide, 

that is, with increasing amounts of sulphur dioxide the curve 

for solutions containing magnesium oxide became proportionately 

closer to the curve of the total-combined. This would lead one 

to believe that there exists in this system an equilibrium in­

volving from one to two moles of sulphur dioxide to one of 

magnesium~oxide. Unfortunately it was impossible to determine 

the exact number of moles of each constituent from the above 

mentioned curves, since they do not give an exact quantitative 

representation of the equilibria. However, the partial pressure 

of the sulphur dioxide is apparently a better measure of the 

free SO than the value that may be obtained from the difference 
2 

between the total and combined. 

It is evident that if the amount of free sulphur di-

oxide is known, namely, the 802 present in solution that is in 

no way combined with the ¥go, it follows that the number of 

moles of SO involved in the equilibria can be determined by 
2 

deducting the value of the free from the total amount of 802 

present. The amount free 802 was obtained by an indirect 

method based on the following concept: 
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Solutions containing magnesium oxide and solutions 

of sulphur dioxide alone produce the same pressure for a given 

temperature when they contain the same amount of sulphur dioxide 

an~ sulphurous acid in solution. 

The following sample calculation will serve to 

illustrate the method as desoribed: 

A solution containing 1 peroent magnesium oxide and 

4 percent sulphur dioxide has a vapour pressure of 14. em. 

at a temperature of 25°0. Oampbell (4) determined the vapour 

pressure for solutions of sulphur dioxide in water, this data 

shows that at the same temperature, a solution containing 1.45 

percent 802 produces a pressure of 14. em. There remains 

2.3 percent 802 to oombine with the magnesium oxide. That is, 

0.Q24g moles of magnesium oxide oombined with 0.0359 moles of 

sulphur dioxide, corresponding to 1.445-to 1 molar ratio of 

sulphur dioxide to magnesium oxide. 

The molar ratio of sulphur dioxide to magnesium oxide 

were oaloulated at each of the following temperatures, 25°0., 

500 0., 7000., 900 0. and 110°C., for solutions containing 0.6~, 

1.0%, 1.4% and l.g% magnesium oxide and 3~, 4~, 5~ and 6~ sul-

phur dioxide. 

Table No. 21. 

These values are conveniently presented in 

The accuracy of the values obtained by this 

method will naturally depend on the exactness with which the 

statement is valid that solutions containing identical amounts 
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of sulphur dioxide and sulphurous acid present as moleoules, 

have the same pressure at a given temperature. 

Three variables can influence the equilibria, namely, 

magnesium oxide and sulphur dioxide concentration, and temper­

ature. The equilibria oan be appropriately discussed by con­

sidering the manner in whioh the molar ratio of 802 to MgO 

(see Table).No.,~:2l) varies with one of the variables while the 

other two are held constant. 

Consider the system where the temperature and the 

eulphu·rdioxide concentration are kept constant. The molar 

ratio of 802 to MgO approaches but never attains the value of 

two with increasing amounts of MgO. 

However, this does not hold for solutions of low sul­

phur dioxide content, since it was observed ~or a .3 percent 

802 solution the molar ratio decreased when the base was increas-

led. This appears to indioate, that when the solution oontains 

a relatively small amount of magnesium oxide in comparison 

with the sulphur dioxide, this oombines with the 802 to form a 

compound in a molar ratio of one to one, some bisulph1te would 

also be present accounting for the ratio of the molar Quantities 

being greater than one. As more base is added tbe value of the 

molar ratio increases, reaching a maximum value, and from this 

data appear to~be alway, less than two, and then decreases. 

Consequently more sulphur dioxide combines as magnesium b1-

sulphite, and then again the sulphur dioxide combines in a 
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one to one molar ratio with any additional magnesium oxide. 

It may be assumed that at the higher ooncentrations of the 

base, the sulphur dioxide is present as magnesium mono8ulphlte. 

Now oonsider the system when the temperature and 

the magnesium oxide oonoentration are held oonstant. In general 

the value!of the molar ratio diminishes as the percentage oom­

positio~ of the sulphur dioxide inoreased. Sinoe for all 

systems in a state of equilibrium obey the Mass Aotion prin­

ciple, it follows that an inorease in the sulphur dioxide 

wouldoause a ~orresponding increase in the value of the molar 

because more magnesium bisulphite would be present. However 

this was not found to be the case, indicating that some other 

magnesium oompound may be participating in the equilibrium. 

Finally consider the effect of temperature on the 

equilibria, when the sulphur dioxide and magnesium oxide are 

constants. The molar ratio of the sulphur dioxide to magnesium 

o~ide increases with temperature. The inferences that can be 

made are that at the higher temperatures more magnesium is 

present as the bisulphlte. It was mentioned previously that 

the effect of temperature on the equilibrium favours the form-
~~ 

ation of the monosulphite. Therefore, the increase in the 

molar ratio may be attributed to the presence of a oompound 
~ 

containing magnesium oxide and sulphur dioxide in a molar ratio 

of approximately one to one wbioh is stable only at low temp-

atures. Consequently with use in temperature, this compound 
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would decompose, liberating magnesium ions in increasing amounts 

which would be free to combine with the sulphur dioxide as 

magnesium bisulphite giving rise to a greater molar ratio. 

The conclusions that oan be drawn are that the values 

of- the molar ratios are sufficient evidenoe to show that the 
• 

equilibria that exists in the magnesium system are very complex, 

and the equation 

does not satisfaotorily represent all the constituents partici­

pating in the equilibria. 

To explain the factors governing this equilibria it 

may be proposed that there exist in the system a magnesium 

complex such as a magnesium basic sulphite of constant or 

The presence of 

magne-sium basic sulphi te would account for the molar ratios 

being small at low temperatures, and also for high sulphur 

dioxide concentrations. On the other hand, there may be 

formed by hydrolysis a hydrolysed magnesium sulphite accord-

ing to the equation: 

H20 + Mg(HS0
3
)2' , .Ilg(OH)(HS03) + H2S0J' • H2_0 + so~o~ gaB 

The objection to the above hydrolysis taking place, 

is that the solutions were all acidic, and it is very doubtful 

whether this would occur to any extent, if at all in an acid 

media. From the above equilibria, it is observed that an 
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increase in the sulphur dioxide concentration would result 1n 

the formation of more bisulphite, however the molar ratio de­

oreases with increasing sulphur dioxide. Therefo-re, for 

solutions at low temperatures, the presence of a basic magnesium 

sulphite appears to be the most suitable explanation of the ob­

served facts. At the higher temperatures, namely the range used 

by the industry for the cooking of wood by the sulphite process, 

it is assumed that there exists in this system only an equili­

brium between the magnesium sulphite and bisulphite. 

In an attempt to explain the equilibria existing in 

the oalcium system Gishler (3) postulated the existance of a 

complex containing 1.5 moles of sulphur dioxide per mole of 

calcium oxide. It is seen from Table No. 21 that there is no 
v 

justification in assuming that a similar complex is present 

in the magnesium system because the molar ratios of 802 to 

MgO have not a constant value of 1.5 but vary from 0.995 to 

1.g5. 
Although, magnesium and calcium are members of the 

same group in the Periodic Table, magnesium has the interesting 

prop~~ty of continuing with sulphur dioxide to form the very 

soluble magnesium sulphite, while on the other hand the corres­

ponding salt of calcium is practically insoluble. In order to 

determine whether the equilibria existing in the magnesiua 

system differed from that of the calcium system, isothermal 

curves were constructed for both systems at 25°0., 50°0., 

7000., 90°0., and 11000., where the Koles of Oxide per 100 grams 



- 107 -

KOLAR RATIO OF SULPHUR DIOXIDE TO MAGNE8IUK OXIDE 

Temperature 

S02 

~ 

3 

5 

6 

MgO 

fo. 

0.0 
0.6 
1.0 
1.4-
l.g 

0.0 
0.6 
1.0 
1.4 
l.g 

0.0 
0.6 
1.0 
1.11-
1.g 

0.0 
0.6 
1.0 
1.4 
1.g 

Moles 

Mgq 

0.0 
0.0149 
0.024S 
O~Oi47 
0.0_4-7 

0.0 
0.0149 
0.924S 
0.034-7 
0.0447 

0.0 
0.0149 
0.024S 
O.O~47 
0.0 47 

0.0 
0.0149 
0.024S 
O. O~.:t7 0.0 7 

250 

8°2 
MgO 

0.0 
1.47 
1.40 
1.235 
1.00 

0.0 
1.225 
1.445 
1.57 
1.33 

0.0 
1.115 
1.260 
.1.44-
1.57 

0.0 
0.95 
1.13 
1.305 
1.00 

500 

8°2 
MgO 

0.0 
1.47 
1.60 
1.'29 
1.05 

0.0 
1.31 
1.60 
1.70 
1.;8 

0.0 
1.175 
1.45 
1.61 
1.6S 

0.0 
0.995 
1.38 
1.53 
1.b7 

Table 21. 

700 

8°2 
MgO 

0.0 
1.54 
1.62 
1.35 
1.05 

0.0 
1.3.55 
1.035 
1.74 
1.40 

0.0 
1.15 
1.51 
1.74 
1.71 

0.0 
0.995 
1.3g5 
1.04 
1.71 

900 

8°2 
MgO 

0.0 
1.675 
1.6a 
1.35 
1.05 

0.0 
1.OS 
1.56 
1.75 
1.72 

0.0 -
1.41 
1.64 
1.82 

1100 

6°2 -MgO 

'0.0 
1.675 
1.695 
1.35 
1.05 

0.0 
1.295 
1.735 
1. ]"65 
1.40 

0.0 
-

1.51 
1.78 
1.73 

0.0 

1.~g5 
1. 3 
1.S5 
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Solutions were plo~ted as abscissa with the total vapour pre­

ssure in centimeters as ordinate. Figures g to 12 inclusive 

show the curves obtained for solu tiona con taining 3"', 4/t, 5/:, 

and 6% sulphur dioxide. The isotherms for both systems were 

S- curves showing a pronounced curvature at low oxide concen­

trations. 

system. 

Firat consider the curves obtained for the calcium 

The values used were those of Beazley (4) and for 

convenience are reproduced in Table 22. For low concentratiJns 

of calcium oxide the curvature changes gradually, then se the 

amount of oxide is increased the curvature is steeper, indicat­

ing that more sulphur dioxide is taken up as calcium bisulphite, 

and finally the slope changes and the curve approaches the 
J 

abscissa asymtotically. An explanation of this observation can 

be obtained by having access to the date. of Beazley (4), since 

for each concentration of sulphur dioxide, this change in cur­

vature occurs at a vapour pressure corresponding to that at 

which Beazley found the solubility product of calcium sulphite 

was just exceeded, and the solid calcium sulphite begins to appear. 

Consider the curves of the magnesium system drawn from 

the values recorded in Table No. 24, these value~ are taken frol;t 

Table No.20 (page 90) where percent magnesium oxide has been 

substituted by Moles llg0 per 100 gm. solution. These curves 

exhibit a very pronounoed curvature at both extremities, these 

are joined by a section that is practically linear. On examin­

ation it will be seen that the curves')f this system are slightly 
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above those of the calcium system, A possible explanation 1s 

that the magnesium bisulphite is hydrolysed to a greater extent 

than the corresponding calcium BaIt, in accordance with the 

equation: 

lso~ gas ~~O+S02 ~ H2SOJ '? H+ +2HSOJ -

this may be applicable to solutions at high temperatures where 

there is very Ii ttle 802 present a~<. sulphurous acid in solution, 

but it is very improbable that such a hydrolysis would take place 

at the lower ~emperatures since the solutions are definitely 
., 

acidic in character because of the large amount of sulphurous 

acid present. There appears to be no obvious explanation for 

the above mentioned fact. At 25°0. the isotherms for the cal-

cium system are above those of the magnesium system, to account 

for the reversal of the position of the respective curves, it 

may be suggested that the experimental values of the vapour 

pressure of the calcium system are slightly high, since the 

ratio of sulphur dioxide to calcium oxide was calculated and 

found to be 0.35 instead of a value in the neighborhood of one 

for a solution oontaining 0.501' CaO and 3:t 802 -

Increasing the magnesium oxide concentration, the 

linear section of the curves indicate that the magnesium oxide 

combines with the sulphur dioxide that remains in solution as 

magnesium bisulphite. 
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In the region of high magnesium oxide concentrations 

the slope of the curves would auggest that the oxide enters 

solution as the monosulphite resulting in a smaller deorease 

of the vapour presence. This is in complete agreement with the 

deductions made from the values of the molar ratios of sulphur 

dioxide to magnesium oxide. 

This comparison of the isothermal curves shows clearly, 

that. except at low oxide concentrations, the two systems differ 

in the respect that there is evidently more blBulphite present 

in a solution containing magnesium oxide for a solution contain­

ing calcium oxide. 

The limitations of this discussion are governed by 

the data obta~ned from the vapour pressure measurements, and 

until the electrical conductivities of this system are investi­

gated, aoverin~ the same concentratio,n range, it will be im­

possible to determine the exact chemical constitution of the 

various constituents partiCipating in the equilibria. 
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TQTAL VAPOUR PRESSURE OF THE SYSTD OaO - 802 - Be0. 

Temperature 250 500 700 900 1100 

8°2 Moles 
Oxide V.P. V.P. V.P. V.P. V.P. 

'/0 ger em em em em em 
109. 
sohl. 

3 0.00 26.0 ~4.0 115 190 290 
3 O.OOg~ 24.0 54.5 96.0 157 25) 
J 0. 013 19.6 4!.0 l6.0 128 218 
3 0.0179 12.g 3 .0 0.0 110 191 
) 0.0223 9.1 24.0 49.5 97.5 176 .. 

~ 0.00 36•0 §§.o 147 237 3~5 
4 0.OOg93 ~4.0 ~.o 1)0 209 ~2~ 11- 0.0134 9.4 3.5 110 181 
4 0.Ol~9 22.6 ~~5 92.0 158 260 
4 0.02 J 19.0 .3 77. 0 139 240 

5 0.00 tt4,.o 106 ].g) 28) 420 
5 o.OOg~J .5 95. 0 16) 261 ~~ 5 0.01)- 40.0 83. 0 145 215 
5 0.01~9_ 33.4 lt~ 128 2 1 ))2 

5 0.02 , ;0.2 116 193 J1J 

6 0.00· 54.0 128 2203 ))0 484 
6 0.OOg~3 5 .8 116 195 ~11 ~1 

6 0.013 . ~.l 106 ]SO 88 443 
6 0.01~9 .9 96.1 165 ~~ 410 
6 0. 02 3 41.0 $7. 0 151 )85 

Table 22. 
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TOTAL VAPOUR PRESSURES OF THE SYSTEM ¥go - 902 - H2O 

Temperature 250 500 700 900 110· 
b1 

8°2 lloles 
V.p. V.p. Oxide V.p. V.p. V.p. 

~ per em em em em em 
100 g. 
soln. 

3 0.00 26.0 64.0 115.0 190.0 290 
J 0.0149 1~.4 3l·5 · 62.0 121.0 194 

~ 
0.024S .25 1 .0 35. 0 66.0 127 
O.Ol47 3.50 10.5 23. 0 51.0 109 
0.0 47 2.75 9.0 23. 0 50•0 108 

4 0.00 36•0 g5·.0 147.0 237.0 355 
4 0.0149 2~.75 5~.0 10~.0 172•0 270 
4 0.024a 1 .0 3 .0 6 .0 110.0 1S6 
4 O.O~7 5.75 14.5 26.0 56.0 112 
4 0.0 l 3.0 .10.0 23. 0 51.5 lOS 

5 0.00 47.0 106.0 1S3.0 2g3. 0 420 
5 0.0149 ~~:b5 g2.5 14}.0 235. 0 ~l~ 5. 0.024a 5S. 0 102.4 209.0 
5 O.Ol47 15.0 33.0 57. 0 102.0 171 
5 0.0 47 5.0 12.0 25.0 55. 0 110 

6 0.00 ~7.0 12g.0 21~.0 330•0 ~4 

6 0.0149 . 7.4 107.0 19 .0 302•0 445 
6 0.02~ Jl·75 S2.0 141.0 224.5 3 9 
6 0.0~47 2 .75 56.0 95.5 161.0 251 
6 0.0 47 12.0 29.0 51.0 g7.0 172 

Table 23. 



- 118 -

SUJOIARY 

The investigation of the equilibria exi8ting in the 

three component system magnesium oxide -. sUlphur dioxide -

water may be considered as a oontinuation of a general researoh 

program of. the properties of sulphite liquors. 

Previous workers studying the properties of the oal-' 

alum system obtained resu1ts that were of a theoretical as well 

as practical interest • However, the presence of the insoluble . 
oalcium sulph~te at the higher temperatures limited the range 

at which the investigation could be carried-out with a two 

phase system. Because magnesium sulphite is extremely soluble, 

the inconvenience of the presence of a solid phase during an 

investigation was overcome by substituting magnesium onde for 

calcium oxide. Consequently the solution was two phaBe through-

o~t theiinvestigation and the establishment of the equilibrium 

waa quite rapid. 

The apparatus used, was with several improvements, 

similar in design to those used by investigators examining 

the properties of the oalcium system. 

With this apparatus it was possible to measure 

aocurately the vapour pressure of the magnesium system. The 
.~ 

g:reatest. souroe of error arose not in the actual measurements 

but originated from the reagents employed. Therefore, extra-
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ordinary precautions were taken to remove all possible impurit­

ies that may be present in either the magnesium oxide, sulpbur 

dioxide or the water, and in partioular the utmost oare had to 

be exercised so that all the ocoluded gases were removed from 

the .)aQ.gnesium oxide prior to making a ·~run. 

The vapour pressures of the system were measured with 

magnesium oxide conoentrations of 0.6%, 1.0~, l.40~ and l.gO~. 

For eaoh conoentration of magnesium oxide the ooncentration of 

the sulphur dioxide was made to range from l~ to 6~. . The 

temperature range .covered was between 25°0. and 1)00 0. 

Before i.t was ,possible to tabulate' the results in a 

sYBtema~ic manner, correotions were applied to the experimental 

data to cQmpensate tor the changes that occu~ in the concen-
>-

tration.of both sulphur dioxide and magnesium oxide during a 

run, Specimen curves as well as type oalculations have been 

included.to facilitate the procedure followed. 

In an attempt to determine the various equilibria 

existing in this system, numerous relationships were plotted 

uSing the experimental data. From the results obtained, it 

may be proposed that a magnesium basic sulphite is formed 
..: 

and this oomplex is only stable at low temperat~res, as the 

temperature is increased it would appear there 1s an equilibria 
,/ 

between magnesium bisulphite and sulphite, and the higher the 

temperature the larger the proportion of magnesium sulphite 

present. 
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Tables and curves are inoluded showing the comparison 

of the equilibria existing in the magnesium with the calo1um 

system over a range of sulphur dioxide concentrations from )~ 

to 6%. These curves indicate that the equilibria exl£t1ng 

in both these systems differ considerably. It would appear 

that at the same temperature, there is a larger proport1on of 

bisulphite present in the magnesium system, than 1n a solution 

containing calcium of identical concentration. 

It was shown that- over the r-ange of conoentrations 

in which no pred'1pitation of calcium sulphite ooeu·ra, solutions 

of the magnesium system have higher vapour pressures than 

equimolecular solutions of the calcium system. Thus magnesium 

sulphite liquor should be a faster cooking liquor as well as 

one having the adv·antage of consti tuting-a medium in which 

precipitation of solid is much less likely to take place. 



a L A I K S 0 r 

ORIGINAL RESEARCH 
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CLAIIIS TO ORIGINAL RESEARCH 

1 . . For the first time vapour pressures of the three 

component system magne.sium oxide - sulphur dioxide - water 

.have .. been determined wi thin the I1m1 ta of sulphur dionde 

concentrations from l%,.to 6~ for each of the following mag­

nesium o~ide concentrations, 0.6%, 1.0~, l.40~, 1.gO~, and 
.; 

~t. approp:rlate temperatures between 250' and 1300 0. 

2. Prior to starting an investigation, a sample of 

the purified magnesium oxide was carefully examined for 

the presence of ocoluded gases. 

3. The amount of magnesium oxide used for any given 

series was accurately weighed, and since the oxide has the 

undesirable tendency to take up water during this prooess, 

these values were checked by det~rmin1ng the magneSium oon­

tent of the solutions at the end of each investigation, and 

the necessary corrections applied. 

4. The values of the molar ratio of sulphur dioxide 

to magnesium oxide appear to indicate that at low temper­

atures the equilibria involves a compound of magnesium and 

sulphur dioxide in a one to one ratio; possibly a magnesium 

baSic sulphite. At the higher temperatures it is essenti­

ally an equilibrium between magnesium bi~ulphlte and the 

lIonqaJ,1lphite. 
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5. TQe equilibria existing in the magnesium system 

were compared with those of the calOium system at the same 

temperature and concentration. The result of this oom­

parison would signify that a greater proportion of the sul­

phur dioxide is present in a solution containing magnesium 

oxide, as bisulphite. 
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