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I "THE EFFECT OF UNSATURATION ON THE FO!ThtATION OF 

MOIJ.ECULAR COMPOUNDS. 



THE EFFECT OF UNSATURATION 6N THE FORMATION OF MOLECULAR 

COMPOUNDS. 

Mcintosh and Maass a few years ago conducted a series 

of investigat1on~1 >on the formation ot oxonium compounds at 

low temperatures. Many compounds of organic substances 

containing oxygen with the halogens er halogen acids were 

found to eXist. The formation of these compounds was ex

plained on the assumption that at these low temperatures 

oxygen became tetravalent and consequently addition compounds 

could be formed. so ., to show that Where no oxygen was 

present,. no such compound was formed,. they investigated the 

system toluolrhydrobromic acid~ and were surprised to t1nd 

that a compound was formed between these two substances. 

Toluol, however~ was apparently the exception among 

non-oxygen containing substances; some other substances such 

as Chloroform (2),. not containing oxygen~ as expected, formed 

no such compounds. This present investigation was carried 

out wi t11 the purpose of ascertaining the nature of this 

compound between toluol and hydrobromic acid, and to see 

whether 1t was an isolated instance, or but one example of 

some general rule. 

It r~ght be well,.just here,to give an outline or our 

conception of the mechanism of the formation or these compounds. 

{l) 

( 2) 

J. A. C. 33, 71 (1911) 
31J., 1273 ( 1912) 
35. 5.35 ( 1913) 

J. A. C. 31J., 1273 (1912) 
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Modern theories are reverting more and more to a modified 

form of Berzelius • views. the most notable example being 

seen in the recent papers of Langmuir. Atoms under 

ordinary cond1 tions. through the polarity induced by some 

irregularity in the v1oration of the electrons about the 

nucleus. are attracted towards one another. meet and form 

a molecule. Now just as· when two magnetic fields of 
• 

unequal intensity neutralize one anot~er,there will be a 

resultant field of much diminished intensity, so one atom 

may have been more strongly polar than the other. probably 

to a very small extent. and thus the resultant Inolecule would 

still be slightly polar, the intensity of the polarity being 

very s1~ll indeed compared to the initial 1ntensities of the 

polarity of the two atoms. Now at ordinary temperatures the 

speed of the molecule is of such a magnitude t11at t!li s 

slight force cannot come into play, but at very low 

temperatures presumably. this residual polarity of the 

molecUleB causes them to associate to form molecular compounds. 

It is thougnt that the forces of attraction between molecules 

may be of all magnitudes, from the very small up to those of 

of the intensity of atomic linkages. so one may have 

molecular compounds w111 eh are very pronounced in character. 

while in another case the compound may be quite easily 

dissociated, or rather, disassociated. Langmuir even carries 

these ideas so tar as to deduce from them the pheno1nena or 
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surface tension~ freezing~ etc. Another deduction from 

these ideas ror which some experimental evi<ience has been 

obtained, is, that as these compounds are allowed to warm up, 

the molecules with their several atoms being now so close 

toget~ner, the atoms may rearrange themselves and form 

compounds in which the forces of attraction are the ordinary 

stable linkages. tbat is to say, compounds in the usual sense 

of the word. Also when two polar molecules associate to 

form a molecular compound it is not probable that even yet 

the more complex molecule will be without polarity, although 

its intensity will be of still smaller magnitude. But~ if 

the molecular compound formed is very well defined and stable, 

that is to say. if the forces attracting the molecules are 

approaching in magnitude the intensity of inter-atomic 

forces. or going further back, if both, or one of the two 

initial compounds are strongly polar, the probabilities of 

their being a residual polarity of sufficient magnitude to 

,attract another molecule. are increased. such a case has 

been found experimentally, for the well defined co1npound 

between ethyl ether and hydrobromic acid will in turn form a 

trimolecular compound with water. 

It must be understood that this hypothesis is 

provisional but offers. as the word hypothesis implies, a 

convenient mechanical picture or the details and as such 

provides a foundation for further speculation and experiment. 

~n extended investigation into the nature of these compounds 
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is necessary before this view can be definitely accepted or 

discarded, as a true representation of the details of these 

pheno1nena, and this piece of research will be valuable as 

affording information in this field. 

Let us now consider the case of toluol and hydrobromic 

acid. Here we have a substance containing only carbon and 

hydrogen. The valencies of both are well-defined and not 

subject to variation under changing conditions. Why should 

it eXhibit a force of attraction for another molecule at 

low temperatures? The unsaturated linkages immediately 

suggest themselves as a probable factor in the explanation. 

To investigate this point it seemed desirable to determine 

whether compounds were formed between hydrobrom1 c acid and 

various unsaturated hydrocarbons and we wished to try the 

following, - benzene, ethyl benzene, ortho, meta and para 

xylene,mesitylene, acetylene .. allylene, ethylene, and for 

comparison some of the saturated, such as the saturated 

cyclic compounds or some of the paraffin series. 

various metnods have been used to study moll'.cular 
f 

compounds. That which most re&lily suggests itself is the 

determination of the freezing point curves or the various 

systems or which the tw&: components are the two substances 

to be investigated. Tlus method was used by Mcintosh and 

Maass in much or their work. Here too we have the low 

temperatures Inost ravorable for the formation or these 

compounds. The height of the maximum above the average 
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position of the eutectics is found to be a qualitative 

criterion of their strength. Of course, their separation 

as the solid phase from a mixture gives no indication or 

the extent of their association or disassociation in the 

solution. To study their existence in solution conductivity. 

surface tension. and viscosity measurements have been used. 

In the following piece of work the freezing-point method 

was followed. 

In the experimental part or the work many difficulties 

were encountered. Due to the low temperatures requisite. 

! and t11e nature of the substances themselves~ old methods had 

to be mQdified and new ones devised. The di:ff'iculities were, 

however, in a great measure overcome:. although in some 

cases t11e :procedure became very tedious, yet accurate 

resUlts were obtained where otherwise no resUlts woUld have 

. been possible. 

The temperatures throughout were determined by means 

of a :platinum resistance thermometer, the arrangement or 
which is indicated in Figure 1. It will be seen from the 

diagram that the ordinary Wheatstone bridge 1nethod was used 

with this innovation~ that a Kohlrausch bridge wire K with 

permanent contact was used as variable resistance, the wire 

being wound on a marble slab. Its whole length was 

calibrated for its resistance and also various sections or it 

to ascertain that the fractions represented on the scale 

mere true fractions of its total resistance. R. was an 
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ordinary resistance box which was maintained as a fixed 

resistance during eac11 series of determ1nat1ons. R1 and R2 

were the ratios which in this case were included in the 

equipment of the resistance box. The current for the system 

was supplied by an almost eXhausted dry battery B, i.e., one 

with a small voltage, which was round to give just the 

convenient swing to the beam of the galvanometer G. To make 

a determination the thermometer was placed in the series by 

1~nersing its terminals in two pools of mercury. P. and then 

by varying the resistance of the Kohlrausch bridge wire, the 

reflected beam from the Galvanometer G was brought back to 

zero. The reading was then taken from the scale on the 

Kohlrausch bridge. Thus one can see that this whole 

arrangement was permanent and wnen once set up required no 

furtr1er attention. The thermometer 1 tself consisted or a 

fine platinum wire in the farm of a coil and fused 1nte solid 

quartz so that there should be no lag in the registering 

of the true temperature. The resistance of the platinum 

was such that no co1npensating leads were required. The 

thermometer was standardized by measuring the resistances 

when immersed in ice-water, in steam, and in solid carbon 
' 

dioxide moistened with ether. The three resistances when 

plotted were found to be almost in a straight line. At 

various times the ice and carbon dioxide points were 

redeterm1ned to make sure that bad contact somewhere had not 

perhaps changed the resistance of the series. The readings 
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ot the resistance in the determ1nat1ons were transformed into 

degress centigrade by means ;ot a graph formed by joining 

tr1e ice-point to the carbon dioxide point. It was found 

that twenty-four divisions on the bridge wire scale 

corresponded to one degree and thus by estimating between 

the divisions, which were quite large, one could determine 

the c11ange of re si stance for a change of temperature of 

one-fiftieth of a degree. Accuracy to one-third of a degree 

vvas all that was deemed necessary and so it can be seen that 

this could be obtained with surety. 

Before continuing to the description or the individual 

determinations it might be well to mention the preparation 

of the hydrobromic acid which was used as one component 

in all the systems. It was prepared by dropping bromine 

on a mixture of red phosphorus and water, passing the gas 

then evolved through wash-bottles containing phosphorus and 

water to prevent contamination by bromine, then through a 

tube of phosphorus pentoxide to be dried, and condensed in 

a large test-tube surrounded by solid carbon dioxide, well

moistened with ether. 

The first hydrocarbon whose freezing-point curve with hydro-

bromic acid was determined was benzene. The benzene use(l was 

Kahlbaum',sthio:phene free, distilled over sodium and finally 

kept with sodium wire in it. Its boiling-point was found to 

be 80.3 degrees Centigrade and its melting-point 5.~oc. 
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The determinations were carried aut in a large test

tube represented by B in Fig. 2, the rubber stopper of which 

was bored to admit the therraometer D, stirrer c, and with a 

larger hole to admit additions of ether components. In the 

case When the compoaent to be added was a liquid, the larger 

hole was closed by a small stopper Which was removed and 

the addition made by means of a pyknometer. If the second 

component was a gas, the small stopper was replaced by another 

in Which was a delivery-tlilbe E,1ndicated in the diagra1n. 

througn which the gas was passed. In the case of additions 

of benzene the delivery-tube of the pyknometer was ot capillar.y 

size, so that loss by evaporation from the end should be a 

ill1n1mum. A blank test was run to determine its exact amount, 

and it was found that by quick weighing it was too small to 

affect the percentages with the amounts of the components 

which we were using. 

As the means of cooling and freezing the mixtures, the 

usual carbon-dioxide moistened with ether was used. With this, 

temperatures down to -78°C. can be obtained, and if lower 

temperatures are reqUired, the tube could be fitted with a 

stopper as in the diagram and connected with a vacuurn purnp 

through the tube F. Temperatures as low as -ll5°C. were 

reached qUite easily in this way. 

The procedure in detail was as follows. The empty 

tube with its stopper. stirrer and thermometer was weighed 

clean and dry • Then hydrobromic acid was distilled into the 
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tube in sufficient quantity to just cover the coil of the 

platinum thermometer. The delivery-tulDe through Which the 

distillation was made was then removed and the stopper 

with stirrer and thermometer fitted to it. It was then 

weighed again and thus the amount of hydrobromic acid 

determined. The pyknometer with benzene was weighed~ a 

certain amount added to the hydrobromic acid in the tube~ and 

then qUickly weighed again. Thus we knew the percentage of bhe 

mixture. This was thoroughly mixed and its freezing-point 

determined. Another addition of benzene was made, the 

freezing-point of the new mixture determined and so on. It 

was found that consequent upon the warming up of the solution 

after each addition of the hydrocarbon, some of the acid 

eav:porated. After each two or three additions of benzene, 
{' 

therefore~ the tube with all its contents was weighed and the 

loss of hydrobromic acid so deterrdned,distributed in 

proportion over the previous percentages and thua the 

correction made. At the end of a series of determ1nat1ons, 

usually six or seven was the most that could be made at a 

time~ the whole contents of the tube were dissolved in a large 

quantity of water and the amount of hydrobromic acid 

determined by st~~dard alkali. This analysis necessitated a 

very slight correction to the percentages. 

It might be well to mention that for the first few 

points a pentane thermometer was used~ but it was found to 

be not very accurate, due largely to the fact that pentane 

settles slowly~ While the manipulation at the precise time 
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of determining the point must be very quick. so the 

platinwn thermometer was arranged and used throughout. 

By th1s method points on the curve from 100% hydro

bromic acid to 56cjo 11ydrobrom1c acid were obtained. At the 

concentrations of the last few points the components were only 

difficultly soluble one in another and the loss of nydrobrom1c 

acid while stirring to thoroughly mix them rendered the 

accurate calcUlation or the percentage impossible. so this 

portion of the curve had to be discontinued and we began again 

from the pure benzene side. 

The stopper was fitted exactly as in the diagram, 

addition of hydrobromic acid being made through the tube E. 

The tube w1~h known runount of benzene was weighed, some 

hydrobromic acid distilled in and the tube reweigned. so the 

percentage or the mixture was ascertained.. The freez1ng-!)o1nt 

was then determined. More hydrobromic acid was distilled in. 

the tube reweighed and another freezing-point determined. In 

'this way points from zero percent hydrobromic acid to 1~.5~ 

hydrobroidc acid were determined~ but above this concentration 

the hydrobromic acid would not dissolve under atmospheric 

pressure. Thus by methods similar to those used by other 

experimenters a considerable portion of the curve was 

completed, but there remained the gap from 14.5~ hydrobromic 

acid to 56ofo hydrobromic acid. To determine points in this 

part ot the curve, new methods evidently had to be devised. 

The method adopted was as follows. A tube with a bulb 
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and constriction just above was made. This was weighed and into 

it by means of a glass tube drawn out into a very fine 

capillary a certain amount of benzene was introduced. The 

tube was then revveighed .. all weigh1ngs being made of course 

with a cork over the mouth of the tube. The bulb was then 

immersed in the solid carbon-dioxide ether mixture and 

hydrobromic acid distilled in by means of fine capillary 

tubes. When sufficient'hydrobromic acid was thought to have 

been added .. the delivery tubes were withdrawn .. the cork 

inserted and the tube reweigned. If the percentage was about 

where a point was desired on the curve the next stage was 

begun. If not .. more hydrobromic acid was distilled into it .. 

using~or course, fresh capillaries .. for the others would have 

collected moisture. When a satisfactory percentage had been 

obtained a stiff wire was attached just below the constriction 

and by means of a small blow-pipe flame, · tne 11 t tle "bomb" 

was sealed off, its appearance being as indicated in Fig. 3. 

The stiff wire was for the purpose of holding the bomb, the 

lower portion of which was immersed in solid carbon-dioxide 

etr1er mixture While being sealed off. The bomb 1 tselt was 

about one inch in length. The mixture was then allowed to 

warm up, the contents to mix thoroughly and the freezing-point 

determined by a method to be outlined presently. After the 

freezing-point was determined the wire was removed rro1n the 

bomb and 1t was weighed accurately. The long entrance tube 

formerly attached to it was also weighed accurately and thms 
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the amount of hydrobromic acid exactly determined. The 

feez1ng-po1nts of these bombs were redetermined some weeks 

later and found to be identical. To check the percentages 

the mixtures were analysed as follows:- The bomb previously 

weig_'h.ed accurately was immersed in carbon-dioxide ether 

mixture and the tip cut off. It was then droppad into a 

large Erlenmeyer flask~ filled with distilled water and a cover 

placed over the top. The hydrobromic acid was absorbed by the 

water and the amount determined by standard alkali. The bomb 

itself with the tip wh1ch was broken off was carefully dried 

and weighed accurately. Thus by analysis the percentage of the 

mixture was determined. This analysis gave results concordant 

with the percentages as determined by weight, as the following 

figures taken from the first few bombs will indicate. 

Percentages_ 

By Weight:- 27.01, 38.21, 33.61, ~2.38, 51.4~ 

By Analysis- 27.05, 38.13, 33.68, 42.02, 50.99 

The resUlts by analysis were probably the more accurate 

as there was less opportunity for such disturbing factors as the 

evaporation of the benzene, to enter~ and these were taken as 

the final percentages. 

There remains to be described the method of 

determining the freezing-points of the mixtures 1n the bombs. 

A bath of ether was employed in an unsilvered Dewar flask A, 

illustrated in Fig. lt. This bath was cooled by the addi tio·n 
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of a few lumps ot solid carbon dioxide and conversely 

warmed by the addi t1on of a 11 t tle more etn er. A. c.urrent of 

air blown through D ~erved as stirrer. c. is the thermometer 

and B the bomb, whose contents, during the determination of a 

point, were well-stirred by shaking and twisting the bomb. 

By changing the temperature of the bath the point was ob

tained, at Which the last traces of solid in the bomb did 

not grow on being left for some time. This was a minimum. 

Now the bath was warmed up a rew degrees, the solid would 

disa].J:pear, therefore, that temperature was too high. The 

bath was cooled a very little more, the solid still dis

appeared and so the temperature is still toohigh. So~y stages 

the ~ath was cooled till the point was reached,a little below 

which the solid would remain but at Which the solid 

disappeared. This was taken as the freezing-point of the 

mixture. The difference between the minimum point obtained 

and the first point after warming the bath was only one or 

two degrees, thus the points were determined with great 

acuracy. 

By this method, therefore, the remainder of the curve 

was completed. The following values for the points were 

obtained shown in Table 1, represented in Fig. 5. 

It will be seen tr1at no compound is formed between 

these two substances, as there is no suggestion of a maximum 

at 50.09~ acid. corresponding to a one to one compound or 

36.6~ corresponding to a compound two benzene to one acid. 
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TABLm I 

i Acid FI'eezing TempeJ.'ature 

0 5.4 de~rees c. 

5.9 1.3 

12.9 -3.5 

14.5 -4.0 

27.05 -12.5 

3~.6 -20.5 

3~.2 -26.5 

4:2.4: -?:l.O 

46.6 -39.0 

48.02 -~o.o 

51.0 -~2.0 

57.1 -4:7.0 

65.2 -56.5 

'13.5 -65.0 

77.8 -'10.5 

85.7 ~'!9.5 

sa.9'1 -!7.5 

92.96 -qs.o 

96.13 -90.0 

100.0 -es.o 

Since a compound was formed 'between toluol and hydrobromic 

acid and yet no cambination occurred betw~en ~enzene and the 

acid it was thought that ethyl benzene would logicallY be the 
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next hydrocarbon to investigate. Much difficulty was en

countered in its preparation due to lack of chemicals but 

finally a very pure sample was obtained from the laborator-

ies of the university or Illinois. Its boiling point was 

136.5 degrees centigrade and its melting point -92.~ degrees 

centigrade. With this substance as with the benzene the 

slight cloudiness visible on cool1ngs due to minute traces ;Of 

water.t could only be removed by prolonged standing over sodium. 

The treatment or the ethyl benzene was precisely similar to 

that of benzene witll tr1e exception of the use of bombs. This 

was not necessary as tr1e hydrobromic acid was quite soluble in 

the hydrocarbon at ordinary pressures. It is interesting to 

note that the acid was also soluble in toluol and mesitylene 

both or which formed compounds with the acid, while in 

benzene which did not form a compound the acid was insoluble 

except urder pressure. By additions of the hydrocarbon to 

the acid, points on the curve were obtained from loo% acid to 

26 ·31o acid. 

The last two points were very difficult to determine as the 

metastable phase would persist in coming out. ~ Its melting 

point or course was at a much lower temperature. By 

re~eated trials the stable higher melting phase was also obtained. 

Thms for a short period we have a metastable prolongation of 

one section of the curve. The rerminder of the curve was 

co~leted by additions of the acid to the hydrocarbon. Liquid 

air was necessary for cooling purposes,ror temperatures as low 

as -130 degrees Centigrade were required. 
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The values obtained are given in Table II represented by 

Fig. Vl. It Will m noticed that here the'!'e are t710 compounds 

fo1~en,onp ~~ the constitution one ethyl benaene - one hydro

brom.ie acid witl1 rrelting point at, -105.5 de.grees c~ntigrade, 

its composition being 43.3 r acid. the other two ethyl benzene -

on.e hynro'brornio acid with melting point -103.8 deg-rees Centi

g.rada and composition 27.6 f· acid. 

et A aid I 

0 
8.9~ 

19.4 
23.3 
26.3 
28.6 
33.8 
36,2 
40.0 
4:5.7 
52.4: 
58.9 
65.~ 
70.1 
'7 5.2 
79.'7 
85.2 
90.7 
9F.,.l 

100.0 

TABLE II 

Freezing Temperatur~ 

-92.4 dAgrees C. 
-97.7 tt 

-103.6 
( -118.5) 

-104: ( -115.2 ) 
-104 ( -112 .. 6) 
-110.2 
-109 
-106 
-106.3 
-108.8 
-112.2 
-116. '1 
-120.5 
-1.25. 2 
-125.0 
-105.8 
-96,5 
-90.8 
-8G,O 

The tel'nl'el'aturee in 'brackets represent the tempe:ratu!'es on 

the metaetable portion of the curve corresponding to the 

compositions indioa ted. 
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The tact tha~ e~hyl oenzene fo~med two compounds, one 

or w~iBh had the constitution two molecules o~ ethyl benzene 

to one or hydl~obromic acid led to a closer investigation of 

the nature o-r the toluol-hydr-obromic acid cu:rve obtained by 

Maass and Mcintosl:. The maximum here corresponded with a· com-

pound two toluol - one hydrob~omic acid. However, it was de

c1.ded to nnke check dete!'minations on the part of the curve 

near the maximum to see that that was the t~ue maximum. The 

experimental manipUlation was similar to that in the previous 

c~""Ves, carbon - dioxide - ~ther mixtut'e unde~ vacuum being 

used as the ~eezing agent. 

The values are represented in Table III and in Fig.Vll 

are indicated in thei~ relation to the values obtained by 

Maass and Mcintosh. The value~ at the maximum are seen to 

co~reepond very closely, indicating a compound o~ the con-

stituticn two tclu.ol- one hydro~~omic acid 1:'Titll melting-po~_nt 

-ee.s degrees Centigrade, and composition or 30.5% aoid. 

TABLE III ---......-.--. -.... """ 

,t Acid F:reezing Tempt?ratut-e 

6.7 -96.6 degrees c. 
2~.6 -e9.o tt 

26.8 -88.3 

29.5 -87.6 

3-4:.~ -e6.o 

39.9 -69.0 



~ Acid 

43.'7 

90.2 

92.7 

95.1 
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TABLE III (Cont. ) 

Freezing Temp. 

-90.6 de.g:l:'ees c. 

-101.5 

-ns.a 

-91.6 

continuing the series it w2r: t.h.ou~ht that the d.imethyl sub

st1 tuted ben2ene -rin?' might 'be very interesting. Bu·t we ~ne-re 

una'ble to procu't'e any o~ the o~tho·and para- xylenes, and the 

sanple of meta-xylene obtained was fo~.d to ~e too im~ure. 

The symmetrical trimethyl substituted ben~ene derivative, 

mesi tylene V! as however obtF1ined. The sa.:mp]eused vvae Kahlbaum's 

pu-rified by repeated distillation over sodium and allowed to 

stand ~01' some nays ·~"1~'!' sodium ~Nire. rts 'boiling- potnt was 

164.5 degrees c~ntigrade and it2 meltin~ point -53.5 de-

~rees Centigrade. 

The proc~dur~ was identical with that in the case of 

toluol. ca!''IJOn-dioxide under ~acuum bein~ again resorted to f'or 

rreezing purposes. 

The values o~Jtained t::t'e sho-m in Table 1 V. represented 

by 'F'i~. Vlll. 

It will be seen that the~e is a well-de~tned max~1um 

cOI'responding to a oompound one me si tylene - one hyd!'O'bromic 

acid ot· compoai tion -:t:O. ~ f rr.cid .• 
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TABLE lV. 

tf/c. Acid F!_e~~zing rr~l!'P. 1o Acid F:reezintr. Temp. 

0 -53.5 de g. c. 4:8.e -61.'7 de g. c. 

2.7 -56.5 50.2 -62.2 

4:.5 -5'7.5 51.'7 -62.5 

11.6 -65.5 55.9 -6'1. 5 

18.5 -68.5 57.9 -68.4: 

25.6 -66.5 68.2 -82.0 

30.3 --6-4:. 5 72.'7 -90.0 

35.0 -63.0 77.95 ,+103. 5 

40.3 -61.5 84.5 -105.0 

4:1.5 -61.'7 91.8 -98.5 

100.0 -eG.O 

The experimental treatm~n~ o~ the liquid hydrocarbons, 

with the exception or benzene,· it has been seen, presented no 

outstanding difficulty. The mutual insolubility or ~1e two 

components in tm case or the benzene ~,~r.s overcome 'by the 

somewhat tedious yet ve~y accurate bomb method. The case or 
acetylene howeve"!' present.(7~~ much more difficUlty. 'rhe two com

ponents were gaseous ~t ordina~ tempe~atu~e~, introducing the 

awk'xa:rd.neas attendant up on the handling o-r such substances. 

Furathei'more, the boiling-point o-r acetylene was s:. low ( -82 

degrees Centigrade) that to preserve it in the liquid or solid 

~ornt the carbon-dioxide ether mixture had t:~ 'be kept continu

ously under vaouu:m. Th~ most cogen+. a1:'$S'Umert t a.~ainst using the 



20 

ordinar~r method was :rurnished by the fact that at room tem

pA~atu~es the two components ~eact with one anothe~ and thus 

While distilling one gas into the Other th.ei~ "rapOU .. '!'S WOUld. 

rneet a'bove the sur:raoe o-r the liquid ana. this phase would be 

contaminated, producing an irregtna~ity in our resUlts, this 

1!'-regUlarity not being constant, out increasin'r. with the 

number of ne~~ adci.i tions o-r gas made to t,he sy.stems.. . The 

"Jom'b method which had been aJ.reaey tried out in the case o-r 

ben7ene was the apparent solution o:r the dif"ficul ty, but how 

coUld 1 t ~e modi :tied :ro:t.~ the treatment o-r gases, so tha.t the 
? compositions or our mixtu~es should be accurately known. 

Addition o~ the components by volume would solve the problem 

and the foll owin?:: aJ)J)aratus was evolved to accontplish this" 

a.:rter trials of various other methods. 

First an outline of the method :ror the purification of 

the acetylene might be necessary. The gas was generated by 

d~opping water on calcium carbide covered oy alcohol, passed 

through t\'O wash-bottles contP.ining dichromic acid and potass

ium hydroxide respectively~ thr•ough e. t.u'be of" phosphO!'Us pent

oxi_de and. cona.ensed in a large tes;-tube by means o:r carbon-

di oxi,;.~-ether- mixtu!'e \l.nde-r vacuum. The dichromic acid. :re-

moved the phosphine ,Nhich is as a rule present, t,he potassi,lm 

hydroxide removed the oo.r~on dioxide and the phospho'!'ns pent

oxide removed the ~Rater. The :Jondensat,ion 'by solid. car'bon

dtoxide unde~ vacuo eliminated the nitrogen and carbon monoxide 

which are sonetirnes present in samples made by this method. 

The substance thus collected was redistilled through vrash-
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oottlea containin~ t:resh 't'ea~ents and passed into a large gas

ometer. A sample taken t'J:'om this war: :round t.o be a'bs01.''bed 

without residue in saturated ~ro~ne water. It is interesting 

to note, as other expe:rirmnte:rs have, that the gas \ihen care

fUlly puri:ried n-~ longa:-r had the unpl.easant odou.-r usuallY 

asso:1iatad with it. The gasometer oontaining; the pu:re pro

duct was connected to the apparatus rep~esenten in Fig 1~.~at 

A. At t'irst the pu-rified gas was distilled into a tube sealed 

on at A simila~ to the one [l:t. B, 'Jut so muoh t,:r-ouble was caused 

"':)y the necessity of' maintaining the carbon dioxide under vacuum 

t,hat the gasomete:r method o-r storing it was adopted. 

The hydrobromi3 acid was prepared in the usual way and. 

distilled into the tube B, the delivery tuoe being sealed off at 

the end. 

Fig. lX represents the apJ)a:ratus used.. v, and V2 w·ere large 

flasks o-r app~oximately one liter capacity, c and D smaller 

t'lasks whose volumes '.~ere about 150 cc. These volumes had been 

accurately oali"Jrated as well as the ''01\une of the -f:,ubin.ll. :rrom 

the two-way tap at X to the manometer M. At m a series of 

bombs were arranged twelve in numbe'!', only six being sho,rn in 

t:r.e diagT'am. Immediately above each bomb there was a small con

stricti on in the tu'bin!S and a little lligh.e-r a tap by which 1 t 

coUld be shut o~~ tram the system. It will be seen that the 

nom'b itself wHs similar to that. used in the case o-r benzene. 

All joints th~oughout the appa~atus were o~ glass. The proced

ure was as :roll ows. The taps on the tUbing lead in.g t'rOlQ the 
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reservoir to Vl ':VA":'e closed and the tap leadi.ng to the 

vacruum·pump at Pl opened, this section thus being exhausted. 

The ta~ connecting the system to the reservoir was opened 

once or t·Nice, to allow a rush o:r acetylene throu.gh the tub

ing, to thoro~y eliminate any air in that section or tub

ing. Similarly the tap conn.eattng B ·to the vacuum pump Pt, 

llJ'f'S opened suddenly once or twice thus drawing the air ou-t or 
that se et ion. Mean1rhile the ,JVhole apparatus :rr.aom t,he taps B.t 

v, & V2 to the manometer M had been completely evacuated oy 

an automatic mercury pump connected to P2. Then the taps on 

the tubes leading to the bombs at E and the 'bUl'bs Et. c f'-~a. D 

\Vere turned o-r-r. Acetylene was admitted to the large flask 

Vl, till about atmosphe:ri.c pr-es~U:Y'e ~o.rr.s 1'e~.chea. It was then 

shut o-r-r fr-om t,he reservoir snd connected to the small oulb C. 

When equilibrium was established the tap at X was closed, the 

pressu!'e read as re.~istered on the manometer B_t M. Tb.e: tap 

was then opened to one o~ the bombs which was surrounded by 

liquid air. The acetylene from the bul~ c wae thus condensed. 

A oalaulation had been made previously or the drop in pressure 

necessary to ,~ve the amount o-r acetylene whi·:Jh 11'1e 11'1ished,and 

as the mercury reached this height in· the m.anometer the tap 

connec+.in.~ the bomb to the system was closed. The ~.rolume 

fb rmerly occupied 'by the gas ,vas kno~wn, the chan,~~ in pressure 

in the system, and the~fore the quantity condensed accurately 

calCUlated. The tap at c was now closed, the tap at P being 

once more opened to exhaust thoroughly the tubing f~om X to M~ 
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When t.his had been accomplished the pu.mr) vrHs cut o'f'f by clos

ing the tap; and the two-~av tap at ~ openeo_ t.o V2, trrliich 

had 'be~t~ I'':':-·e't.~iously evacuated. Hyd.rob-romic acid was then ad

mitted to this flask oy warmin~ up the liquid in B. The p~o

cedure no·y was the same as in the case of' acetylene except 

that the small bUlb D was used instead of c, the acid ~eing 

condensed on top of the hydrocarbon. in the 'bomb. A calcUlat

ion had been made 'beforehand o:f' the cha11ge in pressure which 

wo~d be requisite ~o give the desi~ed pe~centage with the 

amount of acetylene already condensed, and the condens&.tion 

of the acid w~ls stopped at the r.aight point 'b~r turning the tap 

at the head of the bomb. This was then sealed of'f at the con

striation with a small olow-pipe flame and the f~eezing-point 

of the mixture det~'Mnined. For ~11e l'~.a:n.olin,~ o:r the "Jontb du:r

ing the sealirig o-r-r and after the sealing o-rr, a stiff' wire 

~B.a attacheo. in tl1t~ fOllowing manne!'. A small st,:rip o-r. :,1ack. 

adhesive tape was wound ~ound the neak. and_ -r-;)U-:11. this the 

:piece of' sti t'~ w11:-e ~l.,!lt, "Jut !'1 ot ve"t'V ~i .. ~htly on R~cou.rtt. of 

the danger o:r 'break.in~ tl1e 'Jom'b of'! at the small const:r-iction 

above. It was then ~ound in place by ~ine flexible wire. 

At fi~st ~ondensation was carried out r~om the large 

:flasks only, but the ahange in pressure obtained vtas so small 

that any error in its readin:~ woUld. have had too great an 

erfect on the accruraay of the work. so the small bU1bs C and 

D we1.."e introduced so that the drop in pressure was 50 or 60 

centimeters. sometirnAs t.o obtatn the r-e qui ~ed amount o:r 



hydrocarbon or acid in ... , he bomb the small volume c or D would 

requi~e to oe filled from the large ~laak VI o~ V2 once or 

twice o-r more times. v .. ':t..en the supply in Vl or V2 'became very 

low more could b~ ootained from the reservoir in the one case 

o-r 'by wa1~ming up the liquid in tlle ot-her. 

At all times af'ter the first condensation of the acety

lene the 1-Jomb was kept immersed it~- liquid r..ir, r:.r_o thus ~n-hen 

t.l1e R.Cid was condensAcl -~11 top of' 1 t 1 :::·t the temperatu-re o:f the 

liquid air the S\.ilid. hydrocfl.1."'bOl'1 h:::d no ~-PP!'eoial1la ,,apour· 

~ressure and thuA there was no vapou~ which could react with 

t,~.e incomin.~ acid vapour. The acid condensed P.~ 9 . solid and. 

the two su'bstances were kept in that condition unt,il the bomb 

:vp_e placed in the 'bath a~.d '"a~mect. u.p g:I'actually to about -90 

d.egrees Centigrade, wren :ror the fi J"st time the 't11VO components 

we~e allowed to mix thoroughly. 

The free2ino- points ot" the mixtures in +,he homos 11\Tel'e 

d~t~~mined in p~ecisely the same way BS thcs~ of benzene

hydrobromic acid. The low ternpera.tu.res -requiT'eo in thtr-:1 case 

necessitated the use of ltquid air to cool the bath and to do 

this conveniently 1 t \Va~ arranged as in Fig. lX A. B r.r~Cl T 

represent the bomb and thermometer respectively. a is a small 

"Jul'b into \Vhich goes as ind.1..cated the tube from t,he Dewar flask 

containing the liquid air. Thus when desi~en to cool the bath, 

a 11 ttle liquid ail" was introduced into this bUlb. s is a tube 

~rom ·1tich 1ssued a constant at~eam o~ d-ry air to keep the 

1 iquid. o-r the 'bath well stir:red ana. thus at a uniform 
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temperature. The liquid was in this case petrol ethe:t:- on 

accoun-!', of 1 ts lO,N M~l ting point. w1t11 this arl"angement the 

ternpel"ature of' the 'bath was under complete contr_"Ol and ":>y 

int!'oducin~ from time to titne just the right runount of liquid 

ai~ into the bulb c, the 'bath coUld. be kept at constant. temp

e,.ature !."Ol" almost any length of' time desired.. The values 

obtain~. :ror the "·'a!'ious percentages are given in Te.ble V, 

~eJ)reeented in Fig. ~. Inasmuch as this method depenns tl'pon 

the nrt('tti on of gases 'by volume an accu-r~te value :for the 

density o:r the gases was necessary. This was obtainer! in a 

separate research. It can be seen here that there is but one 

eutecti o, that is ... , ·:;; say. no ·J ompound.-formati on occurs .. :)et-

wean the two components. 

TABLE v. 
~- Acid Mole cu.l ar _! __ ~c:L<! F~eezing Temp. 

0 0 -81.7 d.eg!'ees c. 
19.4 7.2 -82.5 
30.0 12.9 -a5.7 
~~.~ 15.4: -ea.2 
49.9 24:.2 -93.2 
56.0 28.~ -97.3 
61.9 3~.3 -101.0 
6.{. 0 36.1 -10~.7 
69.9 4~ .l! -109.7 
74:.5 48.4 -113.1 
'76.0 50.0 -115.2 
78.0 5?:.2 -11'7.6 
~g.~ 61.7 -1~5.2 
85.3 6~.6 -126 .o 
87.5 69.-:l: -120w~ 
89.~ 74.?; -115.0 

100.0 100•0 -eo.o 

The rna:rked bend on the acetylene side of tlte .J".t.,..~te 1.s oause.d. 
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oy th9 method or plotting, due to the small molecUlar weight 

or acetylene ~elative to that or hvdrob~omic acid. This is 

seen to di sappea!' if the curve is plotted molecularl~' as in-

d.icated 'by the dotted line in Fig. X. 

Some interesting facts were noted as to the behaviour of 

t'he "10mbs when allowed. to warm up to room temperature. Those 

whose contents were ·represented on ~he ~ight side or the eu-

tectic ,after a short t itne exploo.ed violently ,pr'o'bably due to 

a reaction between -t.he COMJ)onents. · Th.e remain1..nr-; bombs when 

~~oken some weeks later still contained large amounts of 

hydrobromic actd even though there was in the mixture a large 

excess of acetylene, that is to say, no c~xmination between the 

substances had oc~rred. Apparently the fact that the gases 

were so carefully dried prevented the reaction t'rom taking 

place. In the first nethod which was attempted to determine 

the :rree2in~ point curve o-r the t'~I'TO components ,a platinum stir.r~r

was used and it was noticed that a da~k brown oil ~o~ed at the 

~UT~ace o~ the platinum, which oil pe~sisted on the warming up 

or the mixture. It was thought that the platinum had catalysed 

a reaction between the two components and there~ore a bomb was 

made in the usual manner containin~ a piece or platinum. This 

bomb l'emained at !'OOin tempei'ature t·or about a o.~:_y s_r_c~ t.r\Pn ex-
small 

:ploo.ec!. with great violence, shattering to~p19ces a lal'ge glass 

jar in which 1 t was stanc.ing. Thie appa'!'ently indicates that 

the pla+~inum had catalysed some reaction bet.ween the cornpo:n.~'f1t,s. 



It shoUld "Je pointed_ out t,l-.&.t this metl:od not onlv 

applies to the above system but. can 'be used fO-r:' any sy.stem 

of gases desired. Its precision is well seen in the mani

pUlation of the t,,·ro gases, acetylene ann hyd-robromic acid, 

and the same apparatus is now ~eing used for the systems 

chlorine-acetylene Rnd. hydi'Obi'omic acid:- ethane, 

To surnrnari2e the experimental ~~ork, the existen~g of a 

compound o'f thA comJ>osit.·ion two toluol - one hydrob~om1.c acid 

with melting point -86.5 degrees Centigrade· has ~een verified, 

compounds of the 3CJnposition one ethyl benzene - one hydro-

b~omi·3 acid with melting point -10~.5 degrees Cent.ig!'ade, 

two ethyl oenze11.e - one J-··yr.::.:)ob-r.omic acid with mal ting point 

-103.8 degrees Centigrade, one me si t.ylene - one hydrob-romic 

acid wf7,L meltin-2: point -61.0 degJ:-ees Centigrade, have been 

shown to exist. It is interesting to notice that phenol has 

been sho\vn to form a compound two phenol- one wate~(~)~ two 

phenol - one sUlph'tlrio acid( 4 ), and. two phenol - one aoetone( 5 ). 

and to think that perhaps ,conside!'in.?: tl'le reaul ts obtained in 

this work ,the phenyl group may 'be +,he cause o~ the compound 

formation Pr.0. not the oxygen. In the cases o:r benzene and 

acetylene however no compound is for.med. 

Some di:r:ricUlt.y was encountel"ed. in. obtaining· the chemicaJ.s 

desired. Sotre needed very caret'Ul purificat,ion while ot,hers 
too 

after much time \vere still :f.·:lund t~:) oe,.,irn.pure t'or use. For 

( 3) Proa. K •. Al\.ad. \1etensch, Amsterdam 14:, 192( 1911 ). 
( ~) J. A. C. 38, 1?,14 ( 1916 ) 
( 5 ) Ber. ~3, 2812 ( 1910 ) 



example, a s~le o~ mataxylene was procured from which after 

p~olonged treatment the paraxylene coU1d not be ~emoved. At 

the time of· '!f!'i ting soma PU!'e srunp~e s o-r the th~ee 1 s omer.-1 c 

xylenes a~e in p~eparation. It is intended to continue this 

,~ork .. as at. t'irst d.es ired, to a stud:r ar a few other hy(L-ro

CR_roons, such as the xylenes, allylene and ethylene, as a con

t'irmati on o-.r 'fi'1 ~ con·~lusion s ~i_1"1"i ved at here. 

In the fi~ld of molecular ~~om-pound :fo-rmation a certain 

amount of vo rk l1.as beAn done, but. 1 ts nature has not. been such 

r s to add very ~i,UCh to ou~ knowledge or -rathexa understanding o:r 

tr.ese phenomena. Manv isolated f'actP. l".Pve been determined and. 

:from these attelll];)ts have been maa.e to t.heori~e on the causes 

ot' this comp;;·J.nd formation. The su~stances used were in most 

cases very complex in structure containing various arrangements 

relative tc one another o:r aryl and alkyl groupings end a1 so 
• 

di:r:re~ent, elements. upon the bel;evi our o-r which at these low 

temperatures we have no info~mation. For example Norris ~inds 

conmound fo!'mation with such a substance as tet!'a-brom-tetra

phenyl ethylene ( 6 ), and. :rrom this dl'aws the conclusion that 

the unsaturated linkage 1~ 1he critical ~actor here, a con

clusion unwa!'ranted by isolated phenomena in the case Of one 

such complicated substance. O~viously the br-omine o~ the 

phenyl grOUJ)s mi.'!ht just as well be the explanation. lAcintosh 

and Maass in thei~ invest.igat.ions on ox .onium compounds a.nd. 

( 6 ) ,J. A. C. 38, 70 2 ( 1916 ) • 
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tetravale·nt oxy~en ( 7) ,isolate .Jompounds of substances con

taining aromatic nuclei of very complex nature which require 

the somewhat imp~o~able hypothesis of a hexavalent oxygen 

to explain th~it' -rol'mation, while ~vt3n this supposition will 

not explain :f'U!'ther compounds such as. "J~n~ophenone with ~ix 

hyd.:r-o~-rom1.c aoid.. The experimenters have naturally 16ndu.oted their 

investigations eact~ :rrom his own point of' view, but their in

troduction or complicating ~acto~s, on whose effect not even 

speculation can 'be attempted., has !'end.ered impossi'ble any 

correla~ion of their ~ark for the formati~n of a compreh~nsive 

conception o~ the fUndamental causes of these phenomena. Of 

course the reason such complex ~ubs+.ances he.ve 'been used is 

~ound in their ease o~ manipulation, out rot so much has been 

accomplished as might have 'been ~ith simple-r substances in 

spite of their awkwardness. This piece of work has oeen confin

ecl t.o an investigation o:r one point, the effect of unsatu:rat-

1on, and to do this adequately, complionting :factors have 'been 

eliminated as tar a~ possible. ~ubstances closely alike in 

nature, namely hyd:roca!'bO:n.s, we-re usec thus avoiding any effect 

which another element, such as oxygen, might introduce ~nrl 

since the ,,a_lency o:r hydrogen is inva:rie.ble Pnd. that o:r carbon 

in the :rou-rth gr-oup, well-defined, tl1e ~9sUl ts obtained coUld 

":le used as a sound basis from which to d.!'aw conclusions. Thus 

by investigati~~ Aach point alone a clear conception can oe 

( 7) J • .A.C. 32, 5~2 {1910 ). 
" 33 t 71 { 1911 ) • 
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obtained of the real :ractO!'s invol,red in this compound 

rormation. With toluol, ethyl benzene, and mesitylene, com

pounds exist at low tempel'at.u't'ee 1Jut in the oases of benzene 

B:r.~- acetylene they do not. In the latter care the symmet!'iCHl 

ar-rangement o:r the linkages appa-rently es'fal'blislles a stable 

equilibrium o:f the 1nteratomic forces in \Vhi ·)21 th~~e 1~ no 

externally direated "force to exert an attraction upon other 

mo1ecU1es. In the cases o~ the alkvl su~stituted oen~ene 

rings this equilibrium of fo~oes was distur~ed and so inter

molecular com'bination could take J)lace. This accords \iV'ell 

~vi th the ordinary aromatic ~eactions, :ror toluol and t.he other 

YomolO,o/,UeP are mucl" easier nitrate<t, :r;)'"' example, than is 

b~n2ene. In this ~onneetion it tnight 1:>e interest in~ to point 

out that saturated solutions or hydrobromic acid in the sub-

stituted 'benzene compounds when allowed to stand in contact 

with tr.e air, gave evidence of chemical interaction contrary to 

the usual conception of" th"7 ":lehaviour o-r a:romatic hydrocarbons 

towa~ds halogen acids. Benzene he~e too exhi~ited its usual 

chemical ine~tia. Norris in hts work came to the conclusion 

that linkages \fhicl: ~Are uns~.turated, 1
)"'/ that very fact, in

duce~~ molecUlar compound "!Ol"l!lation. It is appa!'ent that this 

conclusion ~~R e~roneous, which is not s'~riRing, fo~ with 

the sUbstances used by him, the compounds mt~ht well have 

been due anrl probably were due to the disturbed equilibria in 

the ":lenzene nuclei and not +.o t.he ethylene linkar,~ as he 
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thought. ?c the rule seems to be that the presence of an un-

satu~ate~ ~ending doe~ not necessa~ily induce compound form-

ati on '!-)ut. the presence of othe"l" P-:roup~ fn the structure of 

the substance may cause these lin~ages to exert an attraction 

upon othe~ molecules. 

The results o-r thi B piece o-r wo:rlc JIDY be stated b!'iefly: 

A method has been developed for dete~minin~ the free7-

in.~ point curve o:r components which a-re mutuallY insoluble 

at ordinary pressures. 

A method he~ ~een developeti ro~-- dete-r-mininQ" the f!'eezing 

point curve of tw·o gases whi(}h combine at ordina~y temperatures. 

The f'ollowinrr compounds have been shown to exist: 

Two toluol - one hydrobromic acid. Ueltin;r. Point -86. 5 deg. C. 

One ethyl benzene - one hydrob-romic 
acid " tt -105.5 " 

Two ethyl benzene - one hydro'b-romi c 
acid tt " -103.8 tt 

One mesitylene - one hyd!'O~~omtc acid " tt -61.0 " 

and it has been shown that no molecula!' combination occurs 

between ei the"':' l.)enze:r..~ or acetylene and the acid. 

It has been shown that unsaturation in itself does not 

necessi~ata molecular compound formation ~ut that other groups 

in certain positions may induce such ror.mation. 
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A METHOD FOR THE DETERMINATION OF THE DENSITIES OF GASES. 

In the research on "The Effect of Unsaturation on 

the Formation of Molecular compounds., it was found necessary 

to know accurately the densities of certain gases,namely, 

acetylene~ hydrobromic acid and methyl ether. The values 

given in the literature were so divergent fr,dm the theoretical 

values and sorne of them determined so long ago that for the 

accuracy of the work a redetermination was considered 

necessary. The idea of using the following method suggested 

itself and the sources of error were so rew that it seemed a 

practicable method for determining the densities of gases in 

general, both conveniently and with great precision. 

In outline the method is as follows. A known volume 

or the gas at known temperature and pressure is condensed 

in a small tube by means of liquid air and weighed. The 

apparatus represented in the diagram was used. This is 

drawn to scale with the exception of M, the manometer. v 

designates a large flask of known volume,which was carefully 

determined as follows. The flask was dried by keeping it 

under a vacuwn of .001 mm. for some time, thanweigned full of 

air. It was next filled with distilled water and carefully 

weighed. The ternperature of the water was taken. correcting 

tor the weight of the air and the density of the water at 

that temperatur.e the volum.e of the flask was found to be 
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22~2.~ cc. correcting for the expansion of glass the 

volmae at zero degrees Centigrade would be 22~0.9 cc. The 

manometer M was made by a method described by Mcintosh and 

Maass (l) using specially purified mercury. This method makes 

sure t:l'le mercury is pure and that there is no pressure of gas 

in the Toricell1an vacuum. The scale. which was etched on a 

Illrror. was calibrated by means of comparometer and could be 

read to .l mm. By means of plumb lines it was ascertained that 

the manometer was perfectly upright. At the end of the 

deterrn1nations the volume of the tubing between the taps 

A. B~ c & D was determined accurately by weighing with and 

without water. This was 22.~ cc. The manometer also was taken 

apart and the capacity of its tubing determined so that the 

volume above the 1rercury at any pressure could be calculated. 

At E were tour tubes~ about 6 centimetres in lengtll., of such 

a size that the condensed liquid would just about fill them. 

These tubes were made of especially thick glass. All joints 

were of glass and all taps mercury sealed. The substance whose 

vapour density was to be determined was distilled into x 1n 

the liqUid or solid form and the delivery tube sealed oft. 

The air in the tubing from 1t to the tap was eliminated by 

opening the two-way tap A to the atmosphere and boiling the 

liquid in X tor some time. The large flask V with all tubing 

and tubes or "bombs" at E, was evacuated to .0001 mm. pressure 

by means of an automatic mercury pump with MacLeod gauge, 

(1) Trans. Roy. Soc. C~. vi!! 65(191~). 
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con..11.ected to two-way tap B. This pump was of an especially 

efficient type and would accomplish this in a very short -

time. The tap B was then ~nut off and the tap at A opened 

connecting the flask to the tube x. In this the liquid was 

boiled till the flask V was filled with gas to about 

atmospheric pressure and then the tap A closed. The system 

was now allaned to stand for some time till the gas in the 

flask V previously surrounded by fresh cracked ice had become 

of uniform temperature. The manometer was read every five 

minutes until there was no change in pressure over a period 

of fifteen minutes. The tap at c was then closed and the 

tubing and bombs thoroughly eXhausted. There was then in V 

a known volume of gas under known pressure and temperature. 

\Vhen the tubing was completely evacuated the tap at c was 

opened and the gas condensed in one of the oom'bs at B by means 

of li~uid air, or solid carbon dioXide. This bomb was then 

sealed off and the .pressure of the gas remaining in the system 

read after equilibrium was again established. The bomb with its 

contents was allowed to warm up to room temperature and 

weighed very carefully~ then ioonersed in liquid air~ the tip 

cut ott~ the contents allowed to evaporate and the dried bomb 

with its tip weighed again. This weight was about sixteen 

grrumnes. correction was made for the weight or the air. Thus 

the weight of the gas condensed was determined accurately. The 

temperature of the room at the time of experiment was taken in 

order to correct for mercury expansion in the manometer \_.1 
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and the temperature of the gas remaining in the tubing. 

The foll&w1ng formula was used in the calculation of the 

weight of one liter of the gas. 

w -
\{_ 
p = 

D _ 76 • W • lOOQ_ 

<P-p)v-
P· v. 273 

273 + t. 
the weight of the condensed gas 
"the Yo1ct·l7)-e &f J-ar~ e. ffasK 
the initial pressure of the gas in the large flask,the 

heignt of the mercury column being corrected to o0 c. 
p - the pressure remaining in the system after condensation 

of the gas 

v - the volume of the system from the taps at B and C to 

the tap at A and the level of the mercury in the 

rnanorneter. 

t - the temperature of the room, tnat is to say the 
. 

temperature of v. 

Obviously v will change in each determination with 

changes in the final pressure p and with the number of bombs 

wnich havebeen sealed off. Tr1e volume of the bombs was found 

at the end by weighing them full of air and full of water.and 

thus this was taken into account. It can be seen that the 

precision of the determination depends on the accuracy of our 

measurement otV, P. T and w.,ror an error as large as five 

percent in v, would,in the total,make an error of less than 

one in ten thousand. The error in V can be taken as one 1n 

ten t1:1ousand, While the error in P-p might be .2 mm. that 1s 
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three in ten thousand. The error in w is not greater than one 

in ten thousand. The maximum error, therefore, 1B D should 

be of the order of five in ten thousand. It is seen that the 

largest error enters in the determination of P. This 'Could 

have been largely reduced if instead of reading the pressure 

directly, a cathetometer could have been obtained. 

Before proceeding to an enumeration of the results 

it might be well to describe the preparation of the gases. 

Acetylene was the first gas tried. It was prepared 

by dropping water on calc1wn carbide covered with alcohol, 

passed through two wash-bottles containing dichromic acid 

and potassium hydroxide respectively, through a tube of 

phosphorous pentoxide and condensed in a large test-tube by 

means of carbon ·dioXide-ether mixture under vacuum. The 

dichromic acid removed the phosphine, which is invariably 

present, the potassium hydroxide re1noved the carbon dioxide, 

and the phosphorus pentoxide, the water. The condensation by 

solid carbon-dioxide under vacuum eliminated the nitrogen 

and carbon monoxide, which are sometimes present in samples 

made by this method. The substance thus collected was 

redist1lled through wash-bottles containing fresh reagents, 

tr1rough a phosphorus pentoxide tube and into the tube x. A 

sample taken from this was found to be absorbed without 

residue in saturated 1Srom1ne water. An attempt was made to 

purify the acetylene by a method given in Fremy, namely, the 
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precipitation by means of the gas of copper acetylide and 

the regeneration of the gas by addition of warm hydrochloric 

acid. The product was so contaminated by large quantities 

of, vinyl chloride that the method was found to be impractical 

for the preparation of such quantities as were needed. 

The next gas whose density was determined was methyl 

ether. This was prepared by dropping methyl alcohol on 

concentrated sulphuric acid, passing the gas thus evolved 

through water into concentrated sulphuric acid Which Will 

absorb large quantities of the ether. When needed the gas 

could ·be regenerated from this by dropping water on the acid 

solution. The product thus prepared was condensed by means 

of carbon-dioxide ether mixture, redistilled twice through 

phosphorus pentoxide taking only the middle portions. 

The hydrobromic acid was prepared in the usual 

manner by dropping bromine on phos:phorus in water and passing 

the gas thus evolved througn wash-bottles containing 

phosphorus and water to free from bromine, through phosphorus 

pentoxide tubes and condensed by means of carbon dioxide 

ether mixture. It was redistilled twice using only the 

middle portions. 

In the treatment of the bromide,to avoid contamination 

ot the mercury in the manometer and the consequent 

introduction or inaccuracy into the readings of the pressure, 
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the following procedure was adopted. The system was evacuated 

as ueual. Then the tap D was turned off. t11e tap at A opened 

to the bromide and after a time the tap at B opened to the 

atwosphere. W11en the acid had. issued for a short time from 

B, A was closed and the pressure of gas allowed to reach 

eqUilibrium. The gas was now at atmospheric pressure in the 

system and this was read from a barometer whose length had 

been previously calibrated with respect to the manometer 

described above. B and c were then closed and the tubing 

between the four taps evacuated by opening the two-way tap 

at B this time to the pwn:p. Th.e gas was then condensed as 

above in one of the small bomo s at E and t11e bomb sealed off. 

Then only was the tap D opened to the manometer and the 

pressure quickly read, and as soon as possible the tubing 

evacuated. Thus there was but a small pressure of the bromide 

in contact with the mercury for a very short time. 



-8-

The following table represents the results of the 

determination$-

Exp't. V(oc) p v(co) p t W(grms) D 
(corr-
ectad) 

Acetylene # 1 2240.6 75.34 46.6 1.16 19.8oc. 2.5490 1.16985 

" # 2 2240.6 76.89 38.5 2.13 19.8 2.5671 1.16925 

Methyl ether 1 2240.6 77.74 31.0 4.59 23.4 4.5289 2.1104 

" " 2 2240.9 71.99 51.2 11.24 24.2 3. 7464 2.1101 

Hydrobromic 
Acid 1 2240.9 75.79 48.4 1.96 23.0 7.8844 3.6381 1 

n " 2 2240.9 75.79 41.0 .28 23.0 8.0802 3.6372 

n " 3 2240.9 75.90 26.9 3.42 24.0 7.7515 3.6420 

It can be seen that the error is of the order 

calculated and thus the practicability of the method estab-

lished. The apparatus when once set up can be used for 

such determinations as long as desired, the actual deter-

mination requiring very little trouble. The accuracy of 

the method in comparison with others depends very largely 

on the fact that, whereas in other methods the gas was 

weighed as such, in this way the substance was in the 

liquid state. The weight of the large flask alone was 

about 210 grammes, while the weight of the bomb alone was 

15 grammes; the weight of the substance being 5 grammes. 

Thus ten times the accuracy would be necessary in the 

weighing of the large flask to equal that obtained in the 
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determination of the weight of the gas by weighing the small 

bomb. This is impossible of attainment for in the manipula-

tion of a large flask other factors enter, such as condensation 

of moisture on the flask and the necessary use of a large, and, 

therefore, not so accurate, balance. The small bomb can be 

weighed in an ordinary analytical balance and thus accuracy is 

attained, and also convenience, for large balances are not 

available in all laboratories. 

The comparison between the values obtained by this 

method and those given in the literature is shown on the 

folloWing table:-

Density,deter- Density,from 
mined. literature. 

Acetylene 1.16955 1.18 

Methyl ether 2.1103 2.090 

Hydrobromic acid 3.6391 3.50 

It is to be noted that the densities of those gases 

which are heavier than air, as determined by others, are too 

small, but the converse is true in the case of gases lighter 

than air. 

In conclusion, it should be mentioned that a simple 

apparatus based upon this principle is under consideration, 

for the ordinary vapour density determinations of the 

laboratory, such as were previously determined by the Dumas' 

method. 
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