
I 

, . 

.. " 

. ". 



D EPOSITED BY THE FACULTY OF 

GRADUATE STUDIES AND RESEARCH 

M=GJLL 
UNIVERSITY 

LIBRARY 
ACC. NO. DATE 





Montreal 

THE PmJPARA~ION AND PHYSICAL PROB5R"TIES 

OF 

ALIP.HA~IO ACEl!LENES 

4 Dissertation 

by 

F.R.Morehouse M.so. 
A Candidate for the Degree 

Dootor of Philosophy 

in the 

Department of Chemistry 

MoGill Univarsit, 

April 1932 



1.he writer is grateful for this 

o~portunity of expressing his 

genuine appreoiation of the help 

and advice so liberally given at 

all times by Dr. o.Maass under 
·~- -

. 
whose direction the work was 

undertaken. ~o the National 

Research Council of Canada acknow-
~ 

ledgement is made of a Bursarr 

and Studentship during the course 

of this researeh. 



OO!l~ENTS 

Introductory Outline 
-General Introduction 

Preparation of Methyl-.Ethyl-t 

Page 

1 

4 

Pro~l- and D~ethyl-acetylene 18 

Purification of the Hydrocarbons ,33 

Ebysioal Properties 35 

(i) Density 

(1i) Surface ~ens1on 

(111) Melting Points 
-

(iv) Vapor Pressures 

Discussion of Results 

Summary 

Bibliography 

36 

40 

44 

46 

49 

69 

72 



Introductory Outline. 
-------------------~--_. ___ __ 

The work to be described in this thesie deals with 

the preparation ~nd investigation of the physical propert­

ies of the lower members of an homologous series namely 

the alkyl acetylenes. In view of the faot that small 

differences in properties would be observed in the case of 

isomeric substances and also that the validity of the obser­

vations in the case of certain properties depends solely 
I 

on the purity of the compound investigated new details have 

been developed in connection with the methods of preparation 

and special care devoted to the purification of the compounds. 

The properties investigated are the physival ones of surface 

tension,boiling point,dansity eto. This new data is of int­

erest not only in itself but has been obtained especially 

with a view to the interest attached to it from a theoretic-

al point of view in connection with the interpretation that 

oan be made with regard to the values observed for these 

physical constants. 

Throughout the course of several years a systematic 

investigation of the paraffin and olefine hydrocarbons has 

been undertaken in this laboratory. A comprehensive deter~ 

mination of their physical properties has been made and the 

different values obtained interpreted 1n terms of their 

probable molecular forces of attraction. 
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T.he continuation of this problem led to extensive experim­

ental work whose object was to ascertain the extent and 

degr-ee of the tendency for these~ compounds to undergo molec­

ular compound formation with molecules of another type. A 

definite correlation was found to exist between their molec­

ular forces of attraction and the tendency toward molecular 

compound formation which was in turn further correlated very 

definitely with their manifestations of intra-molecular 

attraction. 

A continuation of this work,going on from the paraffin 

and olefine series to the aoatylenes,is presented 1n this 

thesis. Tbe preparation of the acetylenes by a method that 

will render them sufficiently free from impurities is much 

more difficult than is the cas.e for the members of the 

paraffin and olefine series and hence the soope of this invest­

igation was necessarily limited by time to the first problem 

which is the prep~ration,purification and correlation of the 

physical properties of the aliphatic acetylenes. 

In order to show the importance attached to this step 

in the general program of the investigation it is considered 

worthwhile to show the interpretation that may be put on the 

data obtained by referring,as an analogy,to the type and 

scope of a research on the paraffins and olefines m~de poss­

ible when the preparation and measurement of the physical 

properties had bean completed. 
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A general review is therefore given below of the interpret­

ation put on molecular forces of attraction and the influence 

they exert on the chemical and physical oharaoter1stics 

of compounds exhibiting such forces. 
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General Introduction. ___________ t.- ______________ _ 

At the present time.sinoe there is no absolute 

method that can give us a quantitative measurement of the 

relative magnitude of molecular forces of attraction.reoourse 

must be made to investigations that will y~eld data of a 

qualitative nature and the results expressed on a relative 

rather than an absolute scale. 

It is well known that one of the best opportunities 

for the observation of relative differences tn molecular 

forces of attraction between like molecules lies 1n a compar­

ison of certain physical properties,partioularly those &ssociat-

ed with a change of state such as melting point.boiling point 

and critical temperature. A comparative measurement of the attract 

ive forces between unlike molecules is obtained by the extent 

of molecular compound formation in such systems or by the magnit­

ude of their deviation from the laws of the ideal solution. 

Thus it is that a knowledge of the physical properties 

of the elementary hydrocarbons is essential for an understand­

ing and classification of the forces of attraction that come into 

play between the molecules and conversely a knowledge and under­

standing of these forces may ennble us to explain some of the 

abnormalities observed in various properties and may moreover 

lend itself to a certain amount of prediction. 
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A general survey of the theories developed by investig­

ators in this work will serve as an introduction and at the 

same time show further the object and interest attached to an 

investigation of the physical properties of the elementary 

hydrocarbons. 

Closely associated with the advances that have been made 

1n defintng the forces that exist between molecules and between 

atoms are the names of Lang.muir(l) and Hark1ns(2) who are of the 

opinion that these forces are fundamentally alike in character 

and are Of the nature of so-called chemical forces:. 

However,wh1le modern theory tends to eliminate the dist­

inction between physical and chemical forces and tends more and 

more to regard them as differing in degree rather than kindJit 

is more convenient to designate such attractive forces that 

may exist between unlike as well as like molecules as"physioal" 

tn order to distinguish it from the specific and highly selective 

"chemical force" or "ohem1oarl affinity" whose results are chemical 

reaction and formation of chemical compounds. 

Since a number of different opinions are held on the exact ., 

distinction between the definitions of physical and chemical 

force it is desirable to say a few words concerning the criteria 

upon whioh the usually accepted definitions are based. Chemical 

force,or what is usually knO'Nn as chemical affinity,depends 
y 

definitely.·· on the nature and structure of the matter concerned 

and itja sphere of influence is limited probably to the atomic 

dimensions of the substance. 



On the other hand the idea of physical force is generally 

conceived ~s one wbieh is non specific,additive and of 1nltmited 

range of action. It 1 s influence on a given mass is independant 

-of other masses and the direction of it 1S action does not dep-
-

end on the nature of the masses. Under chemical may be listed 

those forces which come into play when molecules such as H20 

or CH4 
are formed while under physical those manifested by such 

properties as melting point,latent heat and surface tension. 

As examples of laws governing typically physical forces 
I 

may be cited Newton's inverse square law for gravitational att­

raction and Coulomb's law for the attraction or repulsion of 

electric charges. 

Early attempts have been made to explain certain physico-

chemical phenomena by considering the force acting between molec­

ules 'ofl. liqllids a.nd gases as an attraction which varies inverse~ 

as the square bf the distance between molecules but it is now 

well known that molecular forees of attraction vary ss a high 

inverse power of the distance between the molecules(3). Due to the 

complicated nature of this problem the exact magnitude of this 

power cannot be deter.mined but it is probably greater than four. 

consequently the force that gives rise to internal pressures of 

the order of thousands of atmospheres when the molecules are close 

together may became negligible when the distance between them is 

but slightly increased. Langmuir has said that these forces between 
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atoms and molecules involved in the structure of matter are of 

the same specific nature as chemical forces and since the mag­

nitude of the forces is depen~~nt on the specific nature of the 

~rticular atom or molecule no absolute law correlating force 

and distance for all molecules is possible. 

However it is only in extreme cases of examples of both 

chemical and physical forces that a real distinction between the 

two is of any value or is even possible since the two forces 

tend to gradually merge into one anothe·r and when an attempt 

is made to explain wpich of the forces causes the association of 

water molecules or that causing the formation of molecular 

compounds the unsatisfactory nature of such an artificial defin­

ition is at once evident. 

One of the early theories concerning the mechanism govern~ 

ing the combination of atoms was the dualistic theory of Berzelius 

who regarded this combination as due to electric charges on each 

atom. According to this early theory it might happen that a molec­

ule would form in which the respective charges on the atoms 

constituting it would not exactly neutralize one another. The 

molecule so endowed with an excess charge of either sign would 

than have an external field of force and possess the ability 

to attract other molecules and hold them if these in their turn 

possessed an excess of the appropiate charge. 

The molecule as such has of course no residual positive 

or negative charge as Berzelius implied in his theory. However 
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accordtng to the modern point of view the distribution of pbsit­

ive and negative electricity throughout the molecule is such that 

the centres of gravity of positive and negative electricity do 

not coincide. This results in an uneven distribution of the 

positive and negative electricity whioh leads to practically the 

same phenomena as Berzelius suggests inasmuch as two molecules 

of different. species ma.y ha.ve considerable attraction for one 

another in a properly orientated position due to this uneven 
I 

distribution of electricity. To signify these ideas and to express 

them the terms "residual Affinity" and "secondary Valance" have 

become widely used. 

Analogous conceptions of atomic and molecular attraction, 

although considerably modified by subsequent discoveries,are held 

today nnd a.re intimately connected with our idea.s of valenoy. 'Tl!e 

valency of an element may be defined as the nmniler of hydrogen 

atoms or their equivalent that one of itrs atoms is capable of 

holding 1n chemical combination. Inmost cases this number is 

well defined and always approximates an integer as 1n the case 

of carbon it is very nearly equal to four. T.he ~lance of oxygen 

is almost two but that the valence of oxygen is not completely 

saturated with two hydrogen atoms is evidenced by the ability 

of water to form the unstable hydrates and oxonium compounds. 

'I.'his who1e number-.tour in the case of carbon and two with oxygen-

has been denoted as the primary valence while the residual fmrce 



-9-

~hat remains tn some cases,due to incomplete saturation,has 

been called the secondary valence. Thus the primary valence 

gives- rise to the formation ·of molecules employing forces that are 

strong in comparison to the residual forces which however exist 

1n every case and if of sufficient magnitude give rise to more 

complex molecules. 

Our understanding of atomic or valence forces has)of 

necessity been dependent to a large extent upon the knowledge 

at hand concerning atomic structure,a st'udy in which wnaaing prog­

ress has been me.de in the last quarter century. Judging by the 

shifting sands. of modern physical theory it would seem that the 

ohemist,who had become accustomed to visualizing atoms in terms 

of eleotrons,had little or nothing on which to rel~. It is now 

considered obsolete,by physioists,to speak of static electrons 

in the atom. However in spite of these unavoidable difficulties 

and contradictions in the natural developmen~ of the science 

considerable progress has been made in recent years in the study 

of atomic structure from both the physical and ohemioal point 

of view. A sound theoretical basis for the periodic table based, 

not on atomic weight but atomic number,having to ~o with the number 

and probable arrangement of the electrons in an atom,has been 

establiehed,vastly~inoreasing the usefullness of the table and 

developing it to a logical system. 

~e fir.m establishment of the number of electrons tn any 

atom lent,as would be expeoted,a great deal to the progress and 

development of chemical theory. Barzelius• electro-ohemioal theory 
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was brought to the fore in the olear cut idea of "electro 

valence" and many of the difficulties of the due.listio theory 

were removed by the useful conception of "covalenoe" either 

"normal" or "co-ordinate" resulting in a reasonable explan­

ation for much that was obscure in the physical and chemical 

behaviour of matter. 

Modern theories of valence regard the force between 

atoms resulting in the formation of molecules,ie."chemical", 

as due to the innate tendency of atams to gain,share or lose 

electrons while the purely physical attraction is regarded as 

a secondary result of suoh a tendanoy. An atom or molecule 

can be oonoeived as a structure of electron orbits or vibrat• 

tng electrons resulting in a stray field of force whose mag­

nitudedependa on the comp]e.-tteness of the screening effect of 

the outer electrons and the extent of internal neutralization. 

Two unlike moleoules7 having external fields of force 

of such a nature as to more or less completely neutralize 

one another,may unite, or if the fields are not sufficiently 

large,or their mutual neutralization sufficiently complete to 

give rise to union,still their influence may make itself 

apparent in the deviation of the mtxture from the laws of the 

ideal solution. In the case of molecules of the same "~Peo.iesJ 

although the forces between them may not be of suoh magnitude 

as to cause association,they may greatly influence the proper­

ties of the liquid and by the comparative study of the physical 

properties of pure substances it is possible to obtain an 

tnsight into the relative attractive forces existing between 

their molecules. 
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While the study of the physical properties of the 

hydrocarbons enables us to form some idea of the relative 

forces of molecular attraction between like molecules these 

forces existing between unlike molecUles may also be compared 

by the extent of molecular compound formation in suoh systems. 

In this ~y a study of the properties of mixtures particularly 

from the point of view of the Phase •Rule w111 throw light 
# 

on the attractive forces between unlike molecules. 

To recapitulate we may add ~riother and third attractive 

force to the two main types of Valance recognized by modern 

theor.y. We then have {1) Electro valance,due to the electro­

static attraction between ions,(2) Covalence,due to the greater 

stability of certain spatial arrangements of electrons and 

(3) Molecular attractive force due to the resistance of stray 

fields about chemical bonds or distorted atoms. 

Considerable work on the subject of molecular attract­

ion between unlike molecules has bean done in this laboratory 

from the point of view of molecular compound formation and 

reaction velocities. A survey of the work along these lines 

done by Maass and his eo-workers will be given. Several types 

of systems have been investigated and there is distinct evid­

ence of suoh attractive forces in many oases. 
4 

Maass and Morrison have shown that when methyl ether 

and hydrogen chloride are mixed in the vapor state there 1s a 

molecular compound formed. Compound formation in the liquid 
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state has proved to be a very fruitful field for stu~. 

Investigations have been carried out using hydrocarbons and 

snd the ~logan hydrides as the two components. Both of these 

substances are ideal in that the halogen hydrides are highlY 

polar and that by ustng a series of hydrocarbons great variat~ 

ions in the external fields of force can be. obtained. Maass 

5 and Russell have shown th&t although toluene,ethylbenzene 

and mesitylene form molecular compounds with hydrogen bromide 
' 

no suoh occurrence is noted for benzene. In an analogous manner 

it was shown that acetylene behaved similar to benzene in this 

respect while !illylene follows the benzene homologues. It is 

stated that in benzene and acetylene the symmetr.y of the mole­

cule leaves apparently no sacondar,y valence due to unsaturation 

by means of which an attraction is exerted on the hydrogen 

bromide molecules. Such an attraction would exist in the case 

of the al.kyl substituted derivatives·. 

The subject of molecular compound for.mQtion along 

these lines was investigated more fully by Maass,Boomar and 

Morr1son6• T.he additional systems studied were ortho-, 
.... 

meta•,and paraxylene,propyl-benzene and methylcyclohexane with 

~drogen bromide. ~he conclusion was dr.awn that the benzene 

nuoleus,whether in benzene or 1t 1 S alkyl substitution products, 

has an outer field of force with a definite tendency to att-

ract hydrogen bromide molecules. This forca,however,oan only 

oome into play when the secondarv"valenae is not such as to 
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attract molecules of itts own species. There 1s a greater 

attraction between molecules of the same species if they 

are symmetrical than there is between those molecules ~nd 

hydrogen bromide. Whether or not a molecular compound is 

formed depends on which of the three attractive forces below 

predominates. 

{l)The force between hydrocarbon and hydrocarbon. 

( 2) " fT 

' -
(3} 1l tf 

hydride. 

" 

tf 

halogen hydride. 

halogen hydride and halogen 

n H 

~h 1 pr"" .. parties such as melting point are a orit-ysica ~ 

erion of force (1) and show that there is notable variation 

with different hydrocarbons. Since hydrogen bromide was pres­

entin all systems,whether or not molecular compounds were 
• 

formad.force (3) is considered small. Force(2) appears to be 

independ~t of the bydroon.rbon as long as the benzene nucleus 

is present. Consequently if force (1) is relatively small there 

is a great llkal.ihood of molecular compound formation taking 

place. 

The fact that unsatura.tion in such hydrocarbons is 

the causa of theirattraotlon is strikingly demonstrated. 

Methyloyclohexane showed no formation of molecular compounds 

with bydrogen bromide even though 1tts freezing point is 

below that of toluene.the corresponding aromatic hydrocarbon. 
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As a final conclusion it is stated that unsaturation definitely 

causes molecular compounds to be formed and that failure to 
. 

form such compounds in spite of unsa.turation is due to the 

relatively great attraction of molecules of the same species 

for oneanother. 
7 

Turn~g to the aliphatic hydrocarbons Maass and Wright 

investigated their ability to form molecular compounds. 

:tt:thylene was found to form no moledular compound with hydrogen 

bromide while the reverse is true for propylene. This appears 

to be more evidence in favor of the conclusion of Maaas and 

Russe115 who showed that the more symmetrical the molecule 

may be the less will be 1t 1 s attraction for hydrogen bromide 
,.... 

and consequently the greater will be the force of attraction 

between molecules of itsa own species. 

Considerable correlation of the physical properties 

of hydrocarbons with their velocities of reaction have bean 

made in this laboratory. 

It was noticed by Maass and t~Russell 1n their invest­

igations on unsaturation and molecular compound formation that 

those substances that formed molecular compounds showed signs 

of chemical reaction on being allowed to stand at room temp• 

eratures. No such reaction was found in the case of hydro­

carbons which did not form these compounds. Thus,although 

benzene and acetylene do n.9t react with hydrogen bromide_,,~ 

the substituted benzene11 and allylene sho\v definite signs 

of reaction. 
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Continuing on the same line :Maass and Wright 8 

showed no reaction to take place with ethylene while propyl* 

ene follows allylene in 1t 1 s behaviour in that it does react 

and secondary products are formed. 

Maass and Sivaritz9 investigated the reaction velocity 

between hydrogen chloride and propylene guite thoroughly. 

One of the most tmportant facts brought out was that propylene 

and hydrogenuohloride do not react in the gaseous state under 

normal conditions of temperature and .pressure. From the point 

of view of attractive forces between the molecules this is 

easily ~derstandable since it is to be expected that the 

influence of these forces upon reaction veloo 1 ty, wh.ile they 

may be all important in the liquid state where the molecules 

are within range of their attractive forces,will become a 

very minor faotor in gaseous reactions. 

Further correlation of physical properties o:f hydrocar·•l 

bons with velocity of reactionwas made by Coffin and !~ass10 • 

The three butylene isomers offered such ~ field for investigat­

ion and the velocity of reaction of these isomers with ~drog­

en chloride was determined. It was found thatYbutylane reacted 

almost instantaneously with ~drogan chloride at -78.5 c. 
The more symmetrical isomers reacted muoh more slowly and 

ware proved to be homogeneous in the liquid state. No reaction 

occurred withGt and r butylenes in the gaseous state but With 

ybutylene a slow heterogeneous reaction took place. From the 

curves of reaction velocity there was evidence of a secondary 

reaction similar to the o~se of propylene. 
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The results of all these investigations pointed to 

the importance of molecular attraction in both molecular 

compound formation and velocity of reaction. The magnitude 

of such forces is greatest in condensed systems although 

not entirely absent in the gaseous phase. 

In the hydrocarbons of the saturated methane series 

the primary valencies of carbon and hydrogen neutralize 

one another to such an extent that the residual forces are 

very amall. However in the unsaturated etpylene and acetylene 

series the pr~aty valances are not satisfied to the same 

extent,rasulttng in an increase of the residual valence 

depending on the structure of the molecule. The compounds, 

especially the elementary members,offer an excellent oppor­

tunity for the study of the ~damental forces that come 

into play in the molecule. 

The work to be described in this thesis had for it 1 s 

ob3ect the investigation of the magnitude and na.tura of the 

forces existing between like molecules in so far as these 

forces oan be determined by examining their effect on physical 

properties whioh kinetic theory tells us are 1nfluenoed by 

the attraction of molecular aggregates. 

A large number of the physical properties of compounds 

containing two and three carbon atoms have been determined in tn 

this laboratory by Maass and Wright8 • The four carbon butylen~ 

es and butanes were investigated by Coffin and Maass10• 

The work to be described below deals with the extension of 

this investigation to the four carbon hydrocarbons of the 

acetylene series along with other members of this homologous 

S&J'ies. 
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Beside the interest attached to the hlomologous 

relationship existing between these compounds ,s:arid those 

containing two and three o~rbon atoms the fact that struct­

ural isomerism makes it 1 s appearance lends further signif­

icance to the work. 

The preparation and purification of mathyl,ethylt 

propyl and dimethyl acetylene are described. The vapor 

pressures,densitias and surface tensions accurst~ determin­

ed over a range of temperature are described and tabulated 

together with the melting points and critical temperatures. 

Constants calculated from these data such as Molecular surface 

energy,total surface energy,parachor etc. are also included. 

Great stress was laid on the purity of the compounds and the 

accuracy of the measurements since small differences in 

physical properties ware to be expected in the case of the 

isomeric substances. The properties investigated are discussed 

from the potnt of view of modern theories of molecular orient­

ation and attraoti·on. Homologous relationships sre considered 

as wall as the effect of carbon chain structure on physical 

properties. 



!he determtnation of the p~sical oons~~nts and 

their interpretation in terms of physical chemioal theories 

was the prime object of the research. ~is is dependant 

on establishing the purity of the compounds examined and 

it is well to emphasize this once more. As a ooneequence 

the methods chosen for the p•eparation of the compounds were 

based o.n obtaining purity at the expense of any experimental 

oomplioations no matter how involved. T.he methods of prep• 

aration were therefore investigated f~om the point of view 

of how each step might possibly affect the purity of the 

product. ~is in itself may be lookid upon as one of the most 

important features of the work to be described as it undoubt­

edly was the time consuming element in this investigation, 

Many subsidiary changes in experimental technique which 

were found necessary are not described and their existence 

solely mentioned at this stage to indicate the importance 

attached to a method of preparation which ensures a produot 

that can be definitely brought to a high state of purity. 
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The Preparation and Physical Properties of Methyl-,Ethyl-, 

Propyl- and Dimetbyl-acetylene. 

In order that the aliphatic acetylenes to be invest­

igated would be attainable in the highest possible form of 

purity the method adopted for their preparation was that 

of direct synthesis from the simple constituents of each 

compound. This mathod,with certain modifications,is that 

used originally by Lebeau and Pioon11and consists in the 

alkylation of sodium acetylide in liquid ammonia as a 

reaction medium. 

The general prooe iura was to melt a suitable quant-. '-" 

ity of sodium in an atmosphere of hydrogen and straining 

it while molten through a porous plate to remove the oxide 

adhering to 1t 1·S surface. It wa.s then dissolved by liquid 

ammonia. and acetylene bubbled through the blue solution 

until disappearance of color indicated the complete form­

ation of sodium acetylide which separated out in the form 

of white crystals. The alkyl iodide was then added and the 

reaction allowed to take plaoe after whioh separation of 

the desired alkyl acetylene from ammonia was effected through 

removal of the latter by passtng the mixture of gases 

through scrubbers filled with wa.ter and dilute sulphuric 

acid. The acetylene compound was then collected by oonden-



c 
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·sation in a tube cooled with a carbon-dioxide ether mixture. 

This product was subjected to further purification by 

a system of fractional distillation to be described below. 

All reagents,hydrogen,ammonia,aoetylene and alkyl 

iodide were carefully purified and dried before use. An all 

glass apparatus which eliminated contamination of the react­

ants from -water vapor and oxygen of the air was constructed 

and is represented dlagra.matically in Figure~·l. 
I 

Most of the air was removed from the apparatus by 

evacuation and flushing out with hydrogen which was obtain­

ed from a Kipp generator and purified by passing it through 

sodium hydroxide solution,conoentrated sulphuric aoid and 

finally over phosphorus pentoxide in order to remove hydro­

chloric acid and water. Then a suitable amount of sodium 

was weighed out and dropped into the large pyrex ·tube (G). 

The entire apparatus WdS thoroughly w~shed out with hydrog~ 

en by allowing the gas to flow through the apparatus first 

in one direction then in the other by manipulation of the 

stop-cooks (C) and (D). In order that there might be no 

air in the appar atus due to leaks around the rubber stopp­

er at the top of tube (G) the hydrogen flowing out of the 

apparatus was allowed to bubble under the pressure of a 

small height of water in a wash bottle a.s seen in the diagram. 

After the hydrogen passed through for about two hours and 
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no oxygen remained in the apparatus,as was india~ted by 

testing a sample of the emitted gae,tube (G) was heated 

with a free flame,the stream of hydrogen being directed 

so that it would force ·the sod1um,when moltan,through the 

perforated plate (H). When the purified sodiwn was in the 

bottom of the flask (F) the large tube was sealed off. 

The ammonia used was obtained from a cylinder of 

pure anhydrous ammonia and was further purified by liquify­

tug it in tube (A) which was cooled by a carbon-dioxide 
' 

ether mixture contained in a dewar flask. The rate of flow 

of ammonia was first regulated by observing the rate of 

bubbling through a mercury trap and the extent of conden­

sation followed by a manometer oonneoted to the system. 

The liquid ~onia in (A) was then purified by ~llowtng 

some of it to boil off and the middle fraction passed 

through drying towers of sodium hydroxide to be reoondensed 

in (B). It was then uaed to dissolve the sodium by conden­

sing it in flask (F). The rate of condensation was follow­

ed by a second manometer connected with the system as shown 

in the diagram. Subsequent experiments showed the ammonia 

from the cylinder to be anhydrous and of sufficient purity 

so that 1-t was used to dissolve the sodium directly and 

was not subjected to fractionation. About three hundred 

cubic centimeters of liquid ammonia were put in (F) forming 

an inky-blue solution. 
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Acetylene from a Prest-O-Lite cylinder was first 

used but was found to contain a large quantity of acetone 

and consequently acetylene was prepared and purified as 

follows. 

water was dropped on pure calcium carbide previous­

ly treated with ninety eight percent ethyl alcohol to dimin­

ish the intensity of the reaction. The acetylene so gener­

ated was passed through wash bottles of sodium hydroxide 

and chromic a.cid to remove carbon dioxide and phosphine. 

It was passed through a phosphorous pentox1de tube to rem­

ove water vapor and then allowed to bubble vigorously in to 

the blue solution so that the sodium acetylide formed would 

not clog up the tube leading into the ammonia. The end point 

was given by a change of color from blue to white. Excess 

acet7lene,dissolved in the ammonia,was removed by distilling 

off some of the ammonia and replacing it with the pure liquid 

so as not to form too viscous a mixture. 

The alkyl iodide was freshly distilled and slightly 

less than the calculated quantity,basad on the amount of 

sodium put into the flask,was used so as to avoid contam­

inating the produvt with & volatile impurity. When this 

amount of iodide had been adde~ slowly and the reaction mtx• 

ture shaken from time to time the contents of the flask 

~re allowed to stand to enable the reaction to proceed as 

nearly as possible to completion. 
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In some of the premiminary experiments where poor 

yields were obta1ned,aspeoially in the preparation of ethyl­

and propyl-aoetylene1 sinoe the reaction between the alkyl­

iodide and sodium aoetylide might be expected to take place 

with a little more difficulty,the alkyl-iodide was d~opped 

into the liq.id ammonia containing the sodium ~cetylide in 

suspension while the mixture was being rafluxed under 

atmospheric pressure at the highest possible temperature 

i.e. the bQiling point of liquid ammo~ia -38°0. For this oper­

ation a reflux condenser of the form s~own in Figure 2 

was employed. A tube (D) of about one centimeter inside 

diameter bent in the shape of a U was surrounded with a. 

p7rex jacket (0) filled with a oarbon-d4ox1de ether cooling 

mixture. Tube (D) passed through a rubber stopper fitting 

tightly in the bottom of (C). Leaks were prevented by pour­

ing in a little mercury whioh,when frozen by the cooling 

mixture,oompletely stopped all leakage aronnd the rubber 

stopper. Attached to (C) was a dropping funnel for addition 

of the alkyl iodide. The rubber stopper (A) fitted tnto the 

top of nask (F) when the tubes used for the introduction 

of the ammonia h~d been removed. Refluxing the reaction 

mixtufe 1n this way in order to fa.cUitate the reaction 

a.lso served the purpose of removing the excess Q.Qat).Zlene"' 

which was dissolved in the ammonia. In order that no water 

v.apor might enter the apparatus during this part of the 
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preparation the exit to tube (D) was placed under a small 

quantity of mercury which was changed from time to time 

to prevent the possibility of forming too much mercury 

acetylide. The reaction mixture ~as rafluxed in this way 

while the alkyl iodide was being added very slowly and the 

ttme required was usually two or three hours. 

After the reaction was thought to be complete the 

mixture of ammonia and alkyl acetylene was passed through 

a scrubbing apparatus as shown in Fig.3.The gases were boiled 

off from the reaction flask and passed through a solution 

in (C) maintained slightly acidby means of the dropping 

~nea filled with sulphuric acid. In case the contents of 

(C) were suddenly sucked back the bulb (A) served to prevent 

contamination of the reaction mixture with water and acid. 

~he alkyl aoetylene,being insoluble in the dilute acid, 

passed on and was dried by passing it through a calcium 

chloride tube previous to condensation in a. storing tube 

cooled to -78°0 by a carbonMdioxide ether mixture contained 

in a dewar flask. This more or less crude product was finally 

subjected to purification by a system of fractional distill­

ation to be described below. 

Since special modifications for each compound were 

found to be necessar,y for their preparation a description 

of the preparntion of Methyl-,Ethyl-,Propyl- and Dimethyl­

acetylene will be given below under separate headings. 
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Methyl Acetylene. 

Methyl acetylene was prepared and it 1 S properties 

studied by Wright and Maass 7 but since the m~thod of purif­

ication used by Coffin and MaasslOtn the investigation of 

the butylenes and butanes was a marked ~provement over 

the former method where small amounts of material were 

concerned the preparation of methyl acetylene was undertaken 

to see if,when purified in this way,the results of Wright 

and 1Aaass would be confirmed or not. 

The preparation of methyl acetylene was carried out 

tn the ~er described above. Since this is the first of 

~~ homologous series of mono-substituted acetylenes,as would 

be expeoted,reaction between the methyl iodide and sodium 

acetylide took place most easily even at temperatures 

below the boiling point of liquid ammonia so that in the 

preparation of this compound it was found to be Unnecessary 

to use the re~luxing apparatus for promoting the reaction. 

The mixture of ammonia and methyl acetylene was passed through 

a large quantity of water and then through dilute sulphuric 

acid thus removing the ammonia completely and allowing the 

methyl aoetylene,whioh is a gas a.t ordinary temperatures, 

to be collected by condensation. 

Several experiments were made on the preparetion of 

methyl-acetylene to determine what method would produce the 

maximum yield. Two samples of methyl-acetylene ware prep-

ared. The first was obtained without the use of the acid 

separator and the product in this case wes considerably 

lees than that resulting when the mixture of g~1ses was 
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allowed to pass through the acid solution. Measurements 

made for vapor pressures and density,to be fonnd in the 

tables below,on both samples were found to check each 

other. 

Ethyl-acetylene. 

Ethyl-acetylene was also prepared twioe with slight 

changes in the method of prooe~iure. In the first preparation 
'-"" 

it was never 1n contact with an aoid medium which might 

have polymerized 1t. In the second preparation1where better 

yields were obtatned,by the use of the aoid separator,the 

ethyl-acetylene was 1n contact with acid both 1n the separator 

·and also during passage over phosphorus pentox1de for remov­

al of small traces of water • Although propylene polymer­

izee7on being passed over phosphoroue pentoxide ethyl-acet­

ylene does not appear to do so since the vapor pressures 

and boiling point were found to be the same whether it did 

or did not come into oontaot with an acid medium. 

The useful information was therefore obtained that 

no secondary products are formed by passing the ethyl­

acetylene through dilute sulphuric aoid or,aftar removal 

of most of the water by chilling and filtering off the 

ethyl-aoetylene,by passing it over phosphorous pentoxide. 



-26-

Propyl-acetylene. 

In the preparation of proPrl-avetylene the method 

of proce·:dure given above was followed throughout. !he mix• 
~ 

~re was refluxed while the propyl iodide was being added 

and the propyl-acetylene freed from ammonia by means of 

the acid separator. Final purification was effected by the 

method to be described below. 

IsO-P!OPll-aoetylene. 

~eriments were made in an attempt to synthesize 

iso-propyl-acetylene by the same method making use of the 

reaction between sodium acetylide and isopropyl iodide 

but no product was obtained. ~e reaction between a branched 

ohatn iodide and sodium acetylide does not give the corr­

esponding ~sopropyl-acetylene but a straight chain e~lenic 

compound according to the equation:l2 

CHI ON a Nai 

Since the hydrocarbon could not be prepared in this way 

for investigation other methods were not thought suitable 

einoe they would involve the presence of impurities in the 

product that would be most difficult if not impossible to 

remove completely to furnish a sample with the purity 

required for the density and surfaoe tension measurements. 
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Dimetbyl-acetylenaL 

Dimethyl-..e.oatylene has been prepared by Fawors~ql3 

who heated ethyl-acetylene in a sealed tuba with alcoholic 

potash whereby rearrangement of the molecule occarred result­

in the formation of dtmetbyl-~cetylene. 

Although this method of preparation was successful 

it was thought best to develop another method • .if possible. 

in view of the faot that dtmathyl-aoetylene prepared in this 

way would contain quanti ties of alcohol, alkali a.nd etbyl­

acetymene which would render purification of the product 

to the degree desired for the surface tension measurements 

very difficult. 

Consequently the preparation was attempted by methyl­

ation of the sodium derivative of methyl-acetylene in a manner 

analogous to that used in the preparation of the other alkyl 

acetylenes. 

A large quantity of methyl-acetylene was prepared 

by the usual method and passed into the blue solution of 

sodium 1n liquid ammonia until d1s~pearanoe of the blue 

color showed complete formation of the sodium-methyl-acetylide. 

Sinoe Jebeau14f~d this reaction gave one molecule of 

propylene for every two of sodium derivative for.mad according 

to the equation: 
. 

3CH3o:cH + 2Ba -* 7 2CH3C~CNa,+ O~cH:cH2 
this had to be taken into aooount when oaloulatiag the final 

yield of dimethyl•aoetylene desired. 



-28-

When all the sodium had reacted with the methyl• 

acetylene the ammonia and propylene were allowed to pass 

off leavtng behtnd the white solid sodium derivative. 
- ~ 

Since the mercur,y and silver derivatives of methyl-acetylene 

are non explosive15it was deemed safe to do this. 

Fresh ammonia was condensed in the reaction flask 

and the solid suspended as usual in the liquid. Methyl­

iodide was added and the reaction aUowed to proceed without 

the aid of refluxing. ~t reaction took place seemed to 

be indioated by the change in appearance when crystalline 

sodium iodide settled to the bottom of the flask 1n the 

place of the pasty appearance of the sodium mathrl­

aoetylide. 

The dimethyl-acetylene was separated from the ammonia 

1n the usual way and purified in the manner to be described 

below. 

When the sample had been purified and the measure­

ments for surface tension and density made it was rather 

surprisingly found that the value for the paraohor,calcul­

ated from these measurements,was over four per cent too 

low. Consequently the surface tension and density were again 

carefully determined. No difference between these values and 

those previously obtained was found. This,naturally,oaused 

considerable alarm since it indicated quite strongly that 

there was a possibility of this compound not being dimethyl-



-29-

acetylene at all but possibly some other compound for.med 

perhaps by a rearrangement of the reactants similar to the 

reaction between isopropyl iodide and sodium acetylide. 

!he next problem was to dete~ine the molecular weight 

of the product. !his was done by the Dumas vapor densit,y 

method. !he apparatus was connected to the fra.ct1onat1ng 

apparatus containing the pure caapound and consisted of 

a large bulb of about 400oo. capacity maintained at a 

constant temperature by means of a water bath. Attached to 

the bulb were a manometer and three amall glass bulbs 

conne_cted to the apparatus 1n such a way that they could 

be read117 sealed off. The method of proceedure was to fill 

the standard volume at known temperature and pressure 

with a sample of the gas whose molecular weight was to be 

found. f11hen,after evacuating the tubing connecting the 

small bulbs with the standard volume,the gas in the latter 

was condensed in one of the small bulbs by means of a 

cooling ~txture. The small bulb was then sealed off and 

weighed. When the weight of the gas was found and various 

corrections applied the molecular weight was found aooord~ 

tng to the following equation: 

where • • 

p 

V 

w 

p V 

Pressure, 

Volume of gas. 

Weight of gas 

.!' .. R 1' m 

m Moledular weight. 

R Gas constant. 

T Absolute temperature. 
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Three deter.minations were made at different pressures 

and the molecular weights so obtained plotted against 

pressure. The results were extrapolated to zero pressure 

and it was found that the extrapoloted value agreed 

with the theoretical molecular weight within one per oent. 

Now the problem was to determine whether or not 

the oompound was actually an acetylene or some isomer 

containing a pair of double bonds. The possible isomers 

are the two butadienes and et~l-aoetylene. 

The boiling points of the butadienes are given 

in the International Critical Tables as 19~00. for the 

1.2 butadiene and •2°.6 c. for the 1.3 butadiene. The 

boiling point of ethyl•aoetylene has been found to be 
0 

8.6 c. Since the boiling point of the product thought 
0 to be dtmethyl-aoetylena was found to be 27.1 c. and 

16 agrees with the value found by other tnvestigators , 
0 0 

27.2 - 27.6, it was not considered limaly that the produo~ 

could be any one of these isomers but as a final oheok 

the tetrabrom compound was made and analysed. 

Faworsky17has prepared dtmethyl-acetylene and 

studied 1t 1 S bromination products. He obtained the fully 

saturated 2.2.3.3. tetrabrombutane from dtmethyl-~cetylene 

and studied it 1 s properties. His method of bromtnation 
..... 

was followed as far as possible. 

A few drops of bromine ware added to the pure 
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compound cooled in ice until a permanent bromine color 

was obtained. Accordtng to the above mentioned article 

2.2.3.3. tetrabrombutane separated out of the reaction 

mixture on addition of the equivalent amount of bromine, 

but in this instance this did not seem to ocour. Con­

sequently the reaction mixture was put 1n a quartz tube 

and exposed to ultra-violet light. In a very short ttme 
. 

white crystals began to appear and after several hours 

brom1nation had gone to completion. Considerable difficulty 

was experienced 1n handling this compound since either 

the tetrabrom or the inter.mediate dibrom exhibited very 

powerful lacrimatory properties. However the compound was 

crystallized a number of times fro.m petroleum ether and 

a sample obtained that was thought to be of sufficient 

purity to analyse. 

Faworsky found the melting point of 2.2.3.3. tetra-
o brombutane to be 230 C and the melting point found by 

the author was in the vicinity of 210°0. the discrepancy 

between this and Faworeky's value being due possibly to 

a small amount of impurity. That this bromination product 

could not b11, !Obtained from one of the isomers mentioned 

above can be seen from a list of the properties of the foll-
18 owing tetrabrombutanes. 
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1.1.2.2. Tetrabrombutane (from etbyl-aoetylene) subl~as 

at 200°0. without melting. 

Tetrabrombutane is 0 an oil • B.P. 138~145 c. 

" 
" 

0 is liquid at -17 c. 
melts about 118°0. 

As a final step in the identification of dimethyl­

acetylene this crystalline compound was analysed for bromine. 

The results of analysis gave 86.6% percent bromine oompared 

to the theoretical 85.5~. This seems to establish fairly 

well the identi~ of the compound as dimethyl-acetylene. 

~he values found for it 1 s various PQysical constants will 
~ 

be found tn the tables below. 
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Purification of the Hydroos.rbons~ 

The crude allcy'l aoetylena,after having been separ­

ated from ammon1a,was subjected to final purification as 

follows. 

For the removal of traoes of water from tha crude 

product before fraotionation the method of drying ~a th~t 

used in the purification of the butylenes and butanes by 

6off1n10• Briefly this consists in condensing the hydro-
is 

carbon in a tube to the bottom of wh1c4 attached a capillary 

tubing plugged with glass wool and leading to the top 

of another tube evacuated and cooled to •78~0. \¥hen the first 

tube containing the hydrocarbon is chilled by a cooling 

mixture the water separates as orystals which adhere to 

the sides of the tube. .1After the stop-cock,leading into 

the evacuated tub~,is opened the hydrocarbon is strained 

through by it 1 S own vapor pressure. In this way the liquid 

n,drocarban is separated from the water whioh remains 

frozen to the aides of the glass tube or is filtered out 

by the glass wool plug at the opening of the capillary. 

This method has been found to be muuoh more effective 

than distillution for removing water. 

When the product had been freed from water 1n this 

way it was transferred to the fractionating apparatus 

Fig. 4. 
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~s consisted of a large reservoir (R) equipped with a 

magnetia stirrer and connected to a system of manometers 

and receiving bulbs as shown in the diagram. The liquid in 
0 

(R) was kept at about -50 c. by means of an aoetone bath 

cooled with solid carbon dioxide aand stirred vigorously 

with the magnetic stirrer. The receiving bulb,into which 
0 

the fraction was being distilled,was cooled to -78 c. with 

a carbon dioxide ether mixture. Under these conditions 

distillation proceeded slowly and a vary satisfactor.y 

fraotionation obtained. By means of the manometers vapor 

pressures of any fraction or of the residue in (R) oould 

be determined. Vapor pressures were J.·maasured at appropriat­

ly fixed temperatures for each hydrooarbon.and were ·maintain­

ed with a oarbon dioxide ether bath stirred with a our~ent 

of dry air bubbles. 

Purification of the liquid was accomplished by diet~ 

illtng from a fraction with a low to that with a high vapor 

pressure. The final heads and tails,consisting of tmpur1t1es 

with very high or vary low vapor pressures,wera rejected. 

When finally several fractions having the same vapor pressures 

were obtained they were united and sub~eoted to refraotion­

ation. If the same vapor pressures wera obtained as before 

for eaoh fraction the liquid was assumed to be purified and 

was then used for identification tests after which itrs 

physical constants were determined. The hydrocarbons were 

distilled into the dilatomater,oap!llartmeter and melting 

point tube which were then sealed off from the apparntus. 



Pbysieal Properties of the Hydrocarbons. 

!he temperature baths used in the determination 

o~ the densities,surfaoe tensions,vapor pressures and 

melting potnts consisted of a 11quid,su1~ble for the temp­

erature range under which the observations were being 

carried out,oontatned 1n a transpareat dew~r flask. All 

baths were kept vigorously stirred with a current of dry 

air bubbles and temperatures measured with standard therm~ 

ometers to an accuracy of one tenth of a degree. It may 

be noted that all distillations and meastirements were made 

in the absence of air and moisture and glass sealed connect­

ions used throughout. 

Solid oarbon dioxide was used as the cooling agent 

from o0c. to •78°c. ~he bath over this temperature range 

consisted of acetone or ether. For the measurement of prop­

erties at lower ~emperatures high test gasoline was used 

with liquid air as a cooling agent in a manner to be describ­

ed later. It was found by previous experimenters that when 

usi ·ng ether as a cooling bath it is beat to add about twenty 

per cent alcohol.. Water is insol.uble in pure ether at lo\v 

temperatures so that moisture condensing from the atmosphere 

renders the latter opaque. !he alcohol ether solution on the 

other hand dissolves considerable quantities of water even 

at -ao0c. 
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( i). Density. 

The densities of the liqll.ld hydrocarbons over a tem­

per~ture range suitable for each were maPsured by the dilatome~er 

method. "l'he dila.tometer consisted of 9, thick walled glass bulb 

se~lad to the ~nd of RL o~pillary tube of uniform bore. After 

thoroughly evacuating the apparatus the hydrocarbon was distilled 

into the dilatometer which was sealed onto the fr~ctionating 

apparatus. When a sufficient quantity had been condensed by 

cooling with carbon dioxide ether mixture the dilatomater was 

sea lad off just above t m oa. p illa.ry. 

The volume of the dilatometer for different positions 

of the meniscus in the capillary w~s accurately determLned by 

finding the weights of 'W'2.ter,at a fixed temperature, tho.t 

occupied the different positions on the stem. Volumes were daternh 

ined for three positions of the meniscus and a graph mBde nlottir.g 

volume ngainst height of the meniscus. A reference mark etched 

on the side of the capillary served as a zero ffiY~rk from which 

readings ware mHde. All measurements of heights were determined qv 

mea.ns of P.n B.oourate cathetometer. 

After filling the dilatometer with the hydrocarbon 

under investigation and sealing it off, the height o.f the 

menieous in the capillary was then measured over the desired 

temperature range, bulb and capillary being entirely ~ersad 
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tn the temparature bath.Tha dilatomater was then allowed to 

oome to room temperature and weighed. After oooltng again 

the tip was broken off, the liquid removed. dry air passed "' .. c:.· 

through the bulb and the latter weighed. The proper correct­

ion was made for the .eight of air and the weight of the 

hydrocarbon was accurately known. The volume occupied by 

the liquid at various temperatures was given by the posit­

ion the meniscus occupied in the capillary which,together 

with the bulb had been accurately oalibr~ted. !his volume 

was further oorreoted for the coefficient of expansion of 

the glass. 

This method of determining density is very accurate 

the probable error amounting to less than one part in two 

thousand. The dens 1 ties of methyl a, ethyl, propyl- and 

dtmethyl-aoetylene over the temperature range suitable for 

each one are given 1n Table 1. 

!he densities of Ethyl- and Methyl-acetylene were 

deter.mtned in duplioate on two samples prepared separately 

from the start but differing slightlyas mentioned above 

in the method of purification. ~ results obtained with 

Preparation 1 are from the sample that had never been 1n 

oontaot with an aoid solution or phosphorous pentoxide 

while those for preparation 11 are from the sample that 

was passed through the aoid solution and over phosphorous 

pentoxide. Both seta of data are seen to agreea 



~ble 1. 

Densities of Methyl Acetylene. 

Preparation 1. Preparation 11. 
' 

0 
Density !emp., oc. 1lemp •• ·.·~ • Densitz 

•14.4 0.6617 ... o.s Oa6447 

... 1 '1. 5 0.6652 •12.7 o.s5a2 

.. £2.'1 0.6710 •24.2 0.6711 

•26.6 0.6759 •33.0 0.6814 

-32.5 0.6827 -40.9 0.6911 

-36.8 0.6873 •51.9 0.7039 

-42.4 Oe6936 

-4'1.4 0.6992 

•53.1 0.7065 

•57.6 0.7109 

Densities of Ethyl Acetylene. 

Preparation L Preparation 11. 

oc. "' oo. 1J!emp. a Densitz Temp., Density 

.. 2a.o o.7095 -31.3 0.7119 
•20.0 0.6997 -23.0 0.7028 
•16.0 0.6949 .. 11.0 0.6899 
•10.5 0.6900 - o.z 0.6784 
- s.o 0.6836 8o9 Oe6665 
- 0.3 0.6784 

5.6 0.6706 



Densities of Dimethyl Aoatylene. 

"l'emp., oo. Density. 

6.0 0."1102 

10.0 0.7049 

15.0 0.6997 

20.0 0.6946 

25.0 0.6894 

30.0 0.6845 
' 

Densities of Propyl Acetylene. 

1lemp., oc. Density 

5.0 0.7021 

10.0 0.'1021 

15.0 0.6966 

20.0 0.6916 

25.0 0.6863 

30.0 0.6812 

36.0 0.6'162 

40.0 0.6'119 

45.0 0.6664 

A graphical represen~tion of all these results 

will be faun~ in Figure 5. 
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(11) Surface ~nsion. 

The suffaoe tensions of the hydrocarbons were 

determined by the oapillary rise method using the type of 
19 

tube recommended by Riohards the capillary being attached 

as a side arm to the tube. 

The oapillarimeter was filled with the hydrocarbon 

by distillation and then sealed off from the apparatus. 

It was entirely immersed in the temperature bath and the 

capillary rise measured at various temperatures with a 
' 

oathetometer. Observations over the temperature range were 

made at least twice for each hydrocarbon and readings made 

through different parts of the tube to avoid errors due 

to parallax. The capillarimeter was matntained in a vertical 

position by lining it up from time to time with a plumb 

line. 

!he heights observed for the capillary rise were 

plotted against temperature on a large scale graph. At 

appropriate temperature intervals the capillary rise was 

taken from the curve so obtained and these values introd­

uced into the oaloulations. ~e expression relating oap1llar.y 

rise.and density is given tn the following equation: 

where : 

s:::::; x. d.h 

S ~ Surface Tension. 

K = Constant of the Capillarimeter. 

d = Density. 

h =. Capillary rise • 
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!he density was obtained for the necessary temperatures 

from the curve relating it 1 s variation with temperature. 

~e remaining faotor,K,the constant of the ospillarimater, 

was obtained by oalibrattng the oapillartmeter with pure 
ether whose surface ten~ion at 20~00. is accurately known. 
(17.1 ~es). T.he density of ether is given by the following 
expression : 

where: 

l't =Density of ether at t 0 c. 
P =Constant .73629 s 

a = " 

" -1.237 

From this equation the density of ether was found 
to be 0.7135. The capillary rise for ~ther was measured and, 
knowin' the density and surface tension for ether at 20~0 o. 
the constant K for the oapillarimeter was obtained. 

!he surface tensions and molecular surface energies 
of the hydrocarbons are listed below in ~ble 2. ~he surface 
tensions of all the hydrocarbons were plotted against 
temperature and are represented for purposes of comparison 

in Figure 6. 
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Table 2. 

Surface ~nsion of Methyl loetylene. 
/ 

Preparation II. 

0 
1J.'emp. 1 c. Surfaoe Tens 1 on Molecular Surfaoa Energy 

-11.5 18.91 dynes 293.0 

.. 21.0 20.37 312.2 

-31.6 22.00 332.8 

-38.4 23.08 346.4 

~he surface tension of methyl-a"retylene was found 

only under those conditions pertaining to Preparation!!. 

Surface ~ension of Ethyl Acetylene. 

Preparation I. 

0 
1J.'emp., o. Surface Tension Molecular surface Energy 

•26.3 22.65 dynes 40'1.6 

-16.0 21.40 389.3 

- 6.3 20.25 372.4 

6.5 18.'10 348.7 



Surface Tension of Ethyl Acetylene. 

Preparation II 

00 
Temp., c. Surface '1'ane1on Molecular Surface Energy 

•31.3 23.62 dynes 423.2 

223.0 22.44 406.1 

-u.o 20.77 380.1 

- 0.2 19.32 356.9 

8.9 18.13 338.8 

Surface ~nsion of Dimethyl Acetylene. 

0 
Temp., c. Surface Tension Mlllecular Surface Energy 

s.o 19.96 368.3 

10.0 19.38 349.2 

16.0 18.80 340.8 

20.0 18.20 331.9 

25.0 17.64 322.9 

oo.o 1'1.07 314.0 

Surface ~ension of Propyl Acetylene. 

0 Surface Tension Molecular Surfaoe Energy Temp., c. 
p 

5.0 21.14 443.5 

10.0 20.51 432.9 

15.0 19.89 421.9 

20.0 19.28 410.8 

25.0 18.71 400.5 



fJ!emp. ,·0o, Surface ~nsfon Mole-ct:Lar surface Energy 

(Prop,yl Acetylene Cont 'd) 

30.0 18.13 390.1 

35.0 17.56 379.8 

40.0 17.03 369.7 

45.0 16.46 369.2 

(iii) Melting Points. 

~e. melting potnts of the hydrocarbons were determined 

by the method used by Maass and Wr1ght7• Petroleum ether 

or high test gasoltne was used as the bath liquid whioh 

was placed in a transparent dewar flask. The bath was cooled 

by means of liquid air dropped into a p,yrex test tube immer­

sed in the sasoltne. Tha liquid air,oontained in another 

dewar flask,waa forced into the test tube by air pressure. 

Efficient stirring of the bath was maintained by a current 

of dry air bubbles. 

~e bath was cooled until the hydrocarbon under 

investigation had solidified. It was then allowed to warm 

up slowly the temperatures being measured with a pentane 

thermometer. !he temperature taken as the mel~ing point 

was half way between the temperature at which melting began 
• 

and that at which the solid just disappeared. In sJ.l oases 

a sharp melting point was observed. ~he melting potnts are 

listed with other properties in ~able 4 • 
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(iv) Vapor Pressures. 

Vapor pressures were determined in the fraotionattng 

apparatus for those hydrocarbons whose boiling points ware 

below room temperature,oare being taken to keep the liquid 

vigorously agitated in order to prevent superheating. For 

those compounds having boiling points about or above room 

temperature an apparatus was devised ooasisting of a manom• 

eter attaohed to a small bulb into whioh the bydrooarbon 

could be distilled. Bulb and manometer ware then sealed off 

from the apparatus and ~ersed tn a bath whose temperature 

could be regulated. This avoided condensation of the hydro­

carbon 1n the connecting tubing and the manometer. 

For low temperatures the bath liquid consisted of a 

carbon dioxide ether mixture stirred with a currant of dry 

air bubbles and contained in a dewar flask. For the higher 

temperatures water was used,likewise stirred with air bubbles. 

In Table 3 will be found the vapor pressures of the 

~drooarbons over a temperature range suitable for each. 

Vapor pressure curves were obtained from these data and 

the boiling points of the ~drocarbons taken from these 

curves which are to be found in Figure 7. The la·tent heats of 

evaporation,given 1n !able 4,ware oalculated from these 

ourves by means of the Clapeyro.n equation. 
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~ble 3 • 

Vapor Pressures of Methyl Aoety1ene 

Preparation I Preparation II 

0 
Temp., c. 

•64.1 

•49.6 

•44.0 

•36.5 

-33.4 

•28.5 

•25.5 

-22.6 

Eressure ems. Hg. 

15.88 

20.46 

2'1.64 

42.1'1 

48.'14 

60.80 

67.80 

79.'10 

0 
~emp., c. 

-50.1 

•39.6 

•30.2 

t~~~26.2 

-22.6 

-21.1 

Cms. Hg. 

20.03 

35.18 

56.90 

'11.15 

80.01 

83.80 

Vapor_pressures of Ethyl qAoety1ene. 

Preparation I 

0 
'1'emp., c. 

•38.8 

-30.5 

.. 21.3 

-16.9 

... 1o.a 

- 6.7 

- 1.3 

3.6 

9.1 

Cms. Hg. 

s.ao 
12.38 

20.67 

26.18 

34.60 

43.10 

60.78 

61.96 

77.66 

Preparation: II 

. 00 
~mp., • ems. Hg. 

•32.4 11.46 

-24ol 1'1.93 

-17.4 24.81 

-1le4 33.6'1 

- 7.0 40.86 

.. 4.5 46.03 

8.o 74.42 

9.5 '18.80 
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Table 3 • 

Vapor 

Dtmethyl ~cetylene 

0 
"'lamp.* C. 

o.o 
4.2 

12.7 

22.4 

·27. 6 

27.'1 

Cms. Hg. 

25.4 

30.4 

44.0 

64e5 

'1'1.0 

78.6 

Pressures. 

Prop,yl Aoetflena 

0 
Temp., c. 

o.o 
9.9 

16.2 

19.8 

25e3 

33.2 

37.0 

38.7 

41.2 

Cms. Hg. 

14.66 

23.66 

30.66 

36.50 

45.20 

62.30 

69.00 

73.40 

60.10 

The boiling points of all the hydrocarbons agree 

vary well with the values given tn the literature. The 

boiling points of Methyl Acetylene obtained by Preparation I 

and Preparation II agree within 0.1°0. The same result is 

found for Kthyl Acetylene. 
0 

This value for Methyl Acetylene (-23.3 c.) shows 

fair agreement with that (~23.0°0.) obtained by R.N.Mainert 
20 

and O.D.Hurd but is considerably higher than that found by 

7 Maa.ss and Wright • The amoti.nt ~f material available for 

purification by Maass and Wright was considerably less 



and the data given ~bove for Methyl Acetylene may be 
believed mora aoourate for this reason. 

The boiling potnt found for Ethyl Acetylene (8.6°0) 
agrees with the values 1n the literatura21and likewise 
for Propyl Aoetylene 22 (39.7oo.) and Dimethyl &oetylena 23 

(27.1°0.). 
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TABLE 4 • 

1 2 3 4 6 6 7 8 9 10 11 12 13 14 M.P. B. 0 M,L. Db sb Tot, K M,L, T 'Tb % s.E. R.s. ~ c V Par. Par. 
Oalc .. T m Obs. Oa1c. Diffe 

Compound c 

Ethane 172.0 -a8.3 3880 .6469 16.06 46 7 1e98 21.0 34e6 .60 64.9 110.4 112.2 1.6 

Propano -189.9 -44o6 4700 .6863 16.63 60.3 2.16 20e6 91.6 .62 76.0 160.6 161.2 0.4 

N•Butane al36.0 ... 0,6 6697 .6014 14.90 47.8 2.21 20.6 147.0 .64 96.3 190.6 190.2 0.2 

I-Buta.ne -146.0 -10.2 6480 .6944 14.10 47.2 2.23 20.8 129.6 .64 97.6 188.8 190.2 Oo2 

thylene -169.4 -103.9 3610 .6699 1660 47.7 2.14 20.8 6.9 ,60 49.1 99.4 101.2 1.8 

Propylene -186.2 -47.0 4600 .6096 16.70 49.7 2.12 19.0 91.3 e62 69.0 139.7 140.2 0.4 

t>( Buty1en •190.0 6.1 6400 .6260 16,96 61.1 2.21 20 2 146.0 .64 89.6 179.9 179.2 0.4 

B Butylene .. 127 1.0 6400 . • 6300 16.78 61.2 2.14 19o7 166.0 .64 88.9 178.7 179.2 0.3 

~ Butylene -146.8 .. 6.6 6200 o6268 16.72 49.8 2.16 19.'1 14'1.0 .64 89.3 178.4 1 '19.2 0.4 

Acetylene - 81 -83.6 4273 .6208 19.68 66.0 2.02 22e2 39.'1 .61 41.9 88.1 90.4 2.6 

Methyl " -101.6 • £3.3 6662 .6698 20.'10 69e4 lo99 22.3 121.6 .62 69.'1 127.6 129.4 1.6 

Ethyl " -122.6 t) So 6 6983 .6682 18.30 63.6 1.96 21.3 190.6 .61 eo.8 167.2 168.6 o.e 

Dimethyl 
Acetylene .. 24e0 27.1 6434 o6873 1'1.40 61.8 1.76 21.4 216.6 .61 78.6 160.7 168.6 4.6 

Propyl 
Acetylene ... 98.0 39.7 7087 o6718 17.00 63.3 2.12 22.6 220.3 .63 101.3 206e2 207.2 0.6 



Discussion. 

The constants determined for all the hydrocarbons 

investigated so far in this laboratory are compiled in 

Table ;4. !he two and three carbon compounds were tnvast-
7 

igated by Wright and the three butylenes and two butanes 
10 

by Coffin • In the discussion of this table homologous 

and isomeric relationships will be considered separatel~ 

as far as possible 1n order to avoid.oonfusion. !he prop­

erties considered will,ingeneral,be taken up in the order 

in which they appear tn the tablB. 

The Ph~sioal properties of the first few members of 

an homologous series are of particular tntarest 1n that 

the majority of the properties of these compounds show 

distinct anomalies which cannot ba fitted in with the 

higher members of the series. These peculiarities usually 

vanish and the series "constants" becane constant with the 

four or five carbon compounds. It is an interesting possib­

ility that the stu~ of the lower and more stmple members 

of a series may throw oonsiderable light on the properties 

and structure of carbon chains by bringing out various faotors 

that are masked in the higher members by the larger weight 

of the molecule and the greater length of the ohatn. 

In considering the homologous relationships brought 

out in the above table it 1s seen that the well known 

rule of alternating melting points (oolumn 1) 1s obeyed 

in the paraffin series,the compounds ethane and butane,with 

an even number of oarbon atoms each havtng a higher melting 



-5o-.. 

point than propane with three carbon atoms. This somewhat 

dubious rule does not hold for the unsaturated olefine 

and acetylene series and indeed the extremely low melting 

point of-< butylane is a surprising exception to the gana.ral 

rule,obeyed tn every other case in the above table,that the 

melting point of an unsaturated straight ohain compound 

is higher than that of the saturated compound with the same 

number of carbon atoms. This is seen to be the case for the 

acetylenes whose melting points ara,tor compounds containing 

the same nUmber of carbon atoms.abova either the paraffins 

or olefine a. 

The variation of melting point due to structural 

differences 1n the molecule is strikingly demonstrated in 

the butylenes and the isomeric aoetylenes,dimethyl-acetylene 

and athyl•acetylene - all contatntng four carbon atoms. 

In considering these compounds it is seen that tnsaturation 

in the acetylenes apparently accounts for their higher 

malt ing point a. Further more symrnetQ': ·of the molecule seems 

to play an important role in governing the melting point. 

The unsymmetrioal butylenes have the lowest while ~ butylene 

has the highest melting point of the butylenes. This is 

also seen to be the case with ethyl-acetylene and dimethyl-

acetylene. 

The reason why the introduction of a double or 

triple bond should raise the melting point of a substance 

is to be looked for in the increased stray field due to 

unsaturation which thus increases the attraction between 

the molecules 
• 



The properties observed at higher temperatures such as 

boil~ng points,molecular latent heats of evaporation and 

critical temperatures are,as would be expeoted,praotioally 

uninfluenced by this increased attraction. 

~eae mora additive properties boiling point 

(column 2) and molecular latent heat of evaporation (column 3) 

vary much more regularly than the markedly constitutive 

melting points. The critical temperatures (column 9) also 
I 

conform to this same tendency • These properties in the 

acetylenes are seen to be consistently higher than for other 

compounds with the same number of carbon atoms and rise 

as would be expected with increase of molecular weight. 

The symmetrical dimethyl-acetylene has a higher boiling 

point than itS'j isomer ethyl-acetylene. 

A consideration of the properties mentioned above 

leads to a very definite disttnotion,when compounds having 

the same number of carbon atoms are oomp~red,between the 

members of the acetylene series on the one handJand those 

of the paraffin and olefine on the other. As stated,the 

boiling points,moleoular latent heats of evaporation~and 

oritioal temperatures are distinctly higher for all the 

aoetymenes than for their corresponding compounds in the 

other two serias~although their molecular weights are 

actually leas. Thus it is seen that ethane and propylene 
0 0 have boiling points -88.3 a. and wl03.9C. respectively 

and that they are below acetylene whose boiling point 

0 is -83.60. 



This tendency is followed throughout by propane,propylane 

and metbyl~cetylana;butane,butylenas and ethyl-acetylene. 

On comparing the molecular latent heats of evaporation it 

is seen that tha decrease of ethylene under ethane is 

approx~ately of the same order of magnitude as the decrease 

in molecular weight. For aoetylene,whose molecular weight 

is still lower,there is a decided increase in this constant 

entirely inQonsistent with the behaviour of the p~reffins 

and olefines. Likewise this is seen to be the oase for the 
' 

three carbon compounds propane,propylene,allylana and also 

in the four c~bon group,butane,butylenes,dimethyl-aoetylene 

and ethyl-acetylene. 

This same apparent anomaly is paralleled in the values 

for the critical temperatures. In the two carbon compounds 

aoetylene,with the lowest molecular wai*ht,has the highest 

value for this constant. Similarly 1n the three and four 

oarbon groups. 

Hence,after a comprehensive survey of this dat~,it 

is possible to classify the paraffins and olefines together 

but the acetylenes show a distinct diffarenoe from the Qthar 

two series. This is oonneoted with what will be brought out 

later on.namely,that the aoetylene ltnkage is af a more 

definitely pronounoed polar character than is the oase in the 

paraffin and olefine series. 

The boiling points on the "corresponding" temperature 

scale (column 101 agree very well wnong themselves and bring 

out very well the stmple and ideal nature of these liquids. 
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The Ramsay and Shields constants (column 7) also 

fUrnish evidence for the unassociated normal condition of 

all these substances ~ the liquid state although the values 

obtained for the Ramsay and Shields constant in the acetylenes 

seam to be consistently lower. 

The abnormality of the first two members of each series 

is well brought out by the rapid initial increase of the 

densities at the boiling point (column 4). The total surface 

anergy (column 6 ) is seen to increase for the first two 

members of all series. 

This quantity,total surface energy 11s of partioul~r 

value in that it solves the question of the temperature at 

which the surface tensions of different liquids should be 
de 

compared. The fact that dt is linear makes U constant 1n 

the following equation in whioh U ts the total surfaoa energy 

and S is the surface tenston at the temperature T. 

stnoe ~ is strictly linear only· at a considerable distance 

from the critical temperature U will not be constant if 

calculated from surfaoe tensions measured at too high a 

temperature. T:t).is total surface anergy whioh is thus a constant 

for any particular liquid is of especial tmportanoe tn 

homologous series when considered in the light of modern 
1 surface phenomena·.:.. The widely aooepted views of Langmuir 
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2 
and Harkins 1n this respect m~y be summed up as follows. 

!he molecules at the surface of a liouid are under a ... .. 

differential force due to the molecules beneath them and 

thus tend to be drawn by this attraction into the body of 

the liquid. Stnoe this force acts only over a very short 

distance a long molecule with a polar group at one end 

e.g. one of the higher fatty aoids will tend to orient 

itself in a direction such that it:s potential energy is 
' 

a minimum. In other words the p•lar group being at the end 

of the molecule most strongly attracted will penetrate into 

the 1 iquid leaving the carbon chain normal to ·the surface. 

Since the surface anergy of a liquid is mainly due to groups 

possessing stray fields of foroe,)i.e. polar groups, it 

follows that the farther the polar group penetrates beneath 

the surface the smaller will be the surface energy. The 

longer a molecule the farther will i'b:J: ~ polar group be 

from the surf~oe so that 1n ascending an homologous series 

of such compounds the surface energy should tend to become 

constant when the surface consists entirely of CH3cH2--­

groups. Moreover all homologous series having a CH3cH2---

at one end of the chain should approach the same limiting 

value. 

This constant for the higher paraffins h~s bean found 

to lie between 46 and 48,values whioh theoretically should 

tnclude the surf~oe energies of all members of the series. 

This is seen to be the oase for ethane and the two butanes. 
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~ha high value for propane is a distinct anomaly for which 

at present there seems to be no explanation.(ooltmn 6, • 
. 

The change from par4ffins to the corresponding olefines 

produces ,ea would be expectad,a small increase in total 

surfaoe energy. On going from the olefines to the acetylene 

series the increase is much more marked but seems to become 

less distinct when the butylenes are compared with the four 

carbon acetylenes ethyl-acetylene and dimethyl-acetylene. 

When considering the property total surface anergy 

1n relation to the first few members of an homologous series 

two classes of compounds may be separ~:tely classified. ~ere 

are first those in which there is no polar group attached 

to the molecule suoh as the paraffins and olefinea listed 

above. Secondly there is a l:::;.rga number of oompounds,su.oh 

as the aloohols and fat~ aoids,which possess a highly 

polar group attached to one end of the molaculeo 

As can be seen from the data assembled in Table 4 

the total surface energies of those compounds belonging to 

the first class increase slightly until a more or less 

limiting value is reached. In the olefine series,where 

this increase is most marked,the change from ethylene to 

propylene is greater than from propylene to normal butylene. 

That this difference should seem smaller with increased 

length of chain is explained by modern theory as being the 



result of the greater orientation in the case of the longer 
molecule i.e. those having the greater moment. 

In compounds of the second type,that is those possessw 
tng a polar group on the end of the carbon ohatn.an entirely 
different result is observe4. Several homologous series of 
this kind have been investigated such as the aloohols and 
fatty acids. Hunten and Maaaa 24atud1ed the variation of 
total surfs.oe energy for the fatty acids and obtained the 
following results; 

Acid TOtal Surfave Energy 
Formic 63.6 

Acetic 58.2 

Propionic 56.9 

Butyric 64.4 

Lauric 64.6 

Palmitic 54.5 

Stearic 64.8 

From these datu it is seen that for this o~ass of 
compounds the total sur£aoe energy falls off ver,r rapidly 
as the series is ascended and reaches a normal value for 
all the higher members of the series. ~his same result has 
been found in other homologous series whose members contain 
a polar group. When the total surfaoe energies of the aoetyl~ 
enes are compared it is seen at ~oe that they follow this 



general tendency i.e. to decrease to a normal value with 

increase of carbon chain. ~is evidence points to the fact 
• 

not encountered in the paraffin and olefine series,that 

the acetylene linkage,a triple bond,exarts a decidedly polar 

influence on the molecule. 

It was pointed out in the general introduction 

that the mora symmetrical a moleQule is,the greater is itts 

attraction for molecules of the same species,and consequently 

the smaller is it 1 s attraction for molecules of a different 

species. ~us it would be expected that dimethyl-acetylene, 

being the symmetrical isomer to ethyl-aoetylene,would have 

a higher surface tension at the boiling point as is exemplif­

ied in the case of the butylenes where the symmetrical 

~butylana has the highest value for this constant.(column 5). 

~is theory is apparently not supported by the data obtained 

for the acetylenes sinoe it is seen that the value for this 

constant is less for the symmetrical dtmethyl-aoetylene 

than for 1trs unsymmetrical isomer ethyl-acetylene. 
,.. 

It must be remembe.red_,however, 'hat in this particular 

case the symmetry of the molecule is around a polar group 

whose polarity is of another order of magnitude than 

that of the olefine series. Sinoe the property of surfaoe 

tension is particularly sensitive to this factor it may 

well be due to this that the sr.mmetrical dimethyl•aoetylene 
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has a smaller surface tension at the boiling point. As 

will be pointed out more fully later on the polarity and 

consequently the attractive forces due to the polar group 

may possibly be partly neutralized in this case by the very 

fact that the molecule is symmetrical. 

The molecule of dimethyl-acetylene may be represented 

as : H 

t 
H 

I 
H·C · C =::: c~c-H 

, l 
H H 

Represented in this way it is seen that the hydrogen atoms 

overlap and obscure the effect of the highly unsaturated 

triple bond and.as many of 1t 1 s properties seam to indicate, 
,-

cause the compound to behave as if it were partially saturated 

as far as the pronounced unseturation of an acetylene linkage 

is concerned. 

In consequence of this~in addition to the polarity 

effectJit would be expected that the surface tension at the 

boiling point would be smaller,since the molecular forces 

of attraction would be considerably lessened by the shielding 

effect of the hydrogen atoms and the strain caused by suoh 

a distortion. This is seen to be followed out in all the 

properties depending on surface tension. A comparison of 

the surface tensions at the boiling point of dimethyl~ 

acetylene and 1t 1 s isomer ethyl-acetylene shows,as would 
. .._ 

be expeoted from this point of view,a lower value for 

dtmethyl-acetylene. 
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~ molecular volume at the boiling point has long 

been recognised as probably the most additive property 

of ohemioQl compounds and one which should lend itself 

readily to calculation and prediction. Amongthe various 

re-lationships connecting molecular volume and structure) 

that of Kopp25is probably the most satisfactory and has 

been most widely used. Although Kopp 1 s apparent insistanoe 
,.... 

on the strictly additive nature of volume has been discred• 

ited for a considerable ttma it is only very recently that 

&nT satisfactory subststute for his constants/or any reliable 

rules connecting volume and constitution were suggested. 
26 It was pointed out by MoLeod that the following 

relation between surface tension and density appeared to 

hold over a wide range of temperature and for very different 

chemical substances, In this equation : 

S -=.::.0 ( D -d )
4 

S is the surface tension, D a.ndt ,d are the liquid and gas 

densities all at the same temperature. 0 is thus a oharaot­

er1st1o constant indapendant of temperature for normal 

unassociated liquids. By rearr-anging the above equation 
27 and multiplying by Mttha molecular weight,Sugdan showed 

that for different liquids P in the relation : 

P - ----~--- si­n- d 

represents the molecular volume for temperatures at which 
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the liquids have the same surface tensiono Thus for different 

liquids this qu&ntity which Sugden terms the "pa.raohor" 

oQn be considerea as the molecular volume measured at the 

same internal pressure. ~e auantity -~--- has the dimensions 
- D - d 

of volume and at low temperatures,where d becomes negligible, 

is really the molecular volume. From the study of a large 

number of liquids Sugden has determined the values of several 

atomic and structural parachors which are found to be remark­

ably additive. He assigns carbon the value 4.8.hydrogen 17.1, 

the double bond 23.2 and the· triple bond 46.4. 

In oolumn 12 of Table 4 are listed the values of-the 

paraohors calculated from the density and surface tension 

data of these oompo~ds. The next column gives the ~rachor 

calculated from Sugden's values. Column 14 shows the per 
,_ 

centage differences between the observed and calculated 

values. In most oases the agreement is very good but irreg­

ularities are notioed 1n the two carbon compounds and for 

dtmethyl-aoetylene. 

~at Sugden1 s values for the paraohor can not always 
•' 

be relied on in special oases dealing with compounds that 

differ widel~ in oonstitut•on has been pointed out by 
28 

Mumford and Phillips in oonneotion with investigations they 

hAve made on a considerable number of compounds. 
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It has bean stated above that dimethyl~acetylena 

appears to exhibit pronounced properties indicating that 

itts molecule is·deoidedly polar. In addition to this 

there is also evide~oe for the as.sumption that the mo~ecule 

behaves as if the a.ttr~ctive fbrces,due to the triple bond, 

were masked,apparently by the symmetry of the moleoule,so 

that it resembles a more saturated molecule 1n certain prop­

erties. Thus it is not surprising to find that the parachor. 

Which is directly related to surface tens1on,ehould have a 

value lower than the theoretical based o.n Sugdan•s values, 

which do not take into aooount "strain factors". 

Since the paraohor is virtuall7 a measure of molecular 

volume under comparable conditions in regard to internal 

pressura,and 1s,therefore,more or less independent of the 
27 

cohesion between the molecules)the contractions referred to 

as strain constants would appear to cause a real diminution 

tn molecular volume brought about either by the oloser 

packing of atoms and groups within the molecule or by a 

daorease tn the effective size of one or other of the atoms 

oonoerned. 1hat a strain constant exists in the case of 

dimethyl-acetylene may be indicated by the faot that 1t 1 s 

molecular volume is lower than ethyl-acetylene. In consequence 

of ~his strain discrepenaias in the value obtained for the 

paraohor are not to be unexpected. 



Let us consider the acetylenes and dimethyl•aoetylene 

in particular, from another point of view and confine the 

discussion to an empirical conception of the behaviour of 

this group of compounds. 

It has been shown that the molecular volume at the 

boiling point,from a theoretical point of view,should give 

a comparative value of the actual volume of molecules. ~is 

volume has been foUnd to be an additive~oonstitutive property 

or,1nother words.additive from the po~t of view of definite 

values assigned to the atoms of elements that are linked up 

in a definite way. Thus oarbon and hydrogen in all orga.nio 

compounds may be assigned definite values where the carbon 

has four ordinar,y linkages. Unsaturation requires the addition 

of a constant value depending on whether th• unsaturation 

is of ~ ethylene or acetylene linkage. The latter has the 

larger value and the greater the extent of unsaturatlon the 

greater is the volume of the compound above that given by the 

straight aiditive values of the atoms of the elements involved. 

Using Kopp's values for the molecular volumes ef 

carbon and hydrogen at the boiling point. where 0 JC.2H ~11. 

the moledular volumes of the acetylenes derived b7 these 

constants are given in the following table and oompared with 

their experimental values deter.mined from the densit~ at the 

bo111ng point. 



Kopp's Exp 1mtl Diff. 
,..., 

Acetylene 33.0 41.9 8.9 

M&thyl Acetylene 55.0 59.7 4.7 

Ethyl Acetylene 't7.o ao.a 3.8 

Dimethyl Acetylene 77.0 78.6 1.6 

Eropyl Acetylene 99.0 101.3 2.3 

It is at once seen that the difference in volume 

caused by the triple bond is greatest for acetylene and falls 

off rapidl7 as the series ie ascendea. What is not so easily 

understood is the fact that the difference between these 

values in the case of the isomers is much less for dimethyl• 

acetylene than it is for etbJl-acetylene. 

However the interpretatio~de possible by this 

apparent ~namal~ goes further to substantiate the theory 

that the molecule of dtmethyl-acetylene is rendered less 

unsaturated by the symmetry of it 1 3 structure. Due to this 

symmetry the increase of volume over the empirical value, 

assigned by Kopp's aa~a- for the triple bond,is lessened by 
,... 

more than half so the.t,instead of the increase expected 

by the introduction of a triple bond·t there is found a value 

that would suggest that the compound was considerably less 

unsaturated. 

T.his avidenoa.obtained from an entirely empirical 

point of viaw,falls in agreement with and moreover substant­

iates the same oonolusions drawn from a consideration of 

the calculated values obtained from surface tension measure• 

ments. 



The correlation of the data from these two points 
in 

of view lends further strength to the theory that.~ dimethyl-

acetylene the unsatur~tion of the triple bond is consider• 

ably obscured by the symmetry of the molecule. 

Dimethyl-acetylene oan be prepared by the action of 
13 

heat on a mtxture of ethyl-acetylene and alooholio potash • 

!his would tend to indioate that the potential anergy of the 

dimethyl .. aoetylena moleoule ts·. if not aotually at a minimum, 

considerably less than thAt of etbyl~aoetylena. This is 

further supported by the lower values obtatned for surfaoe 

tension and total surface energy. 

Among other chemical propa·rties the relative ease 

of bromination of the butylenes and aoetylenas may be 
10 compared. Ooffint on work done in this laboratory in connection 

with the bromination of the butylenes,found that the dibro.m­

butanea oould be prepared readily from these compounds. In 

contrast to this the complete saturation of the molecule of 

dimethyl-acetylene was aooomplished,as described abova,with 

considerable difficulty and under the oatalytio influence of 

ultra violet light. This result is not to be unexpected 

sinoa,apart from the oonoept of it 1 ~ lower potential energy. 

the ohemioal reactivity of dimsthyl-aoetylene is probably 

quite inhibited by the symmetry of itls moleoula. 
"" 

Finally it may be said that all the properties of 

d~ethyl-aoetylenepelatio.n to members of 1tts own homologous 

series and to members of the paraffin and olefine series, 

whether physical or ohem1oal.po1nt to the fact that 1trs 
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behaviour is greatly influenced and indeed controlled by 

1t 1
3 polarity and molecular strain. The latter is caused 

possibly by the shielding effect of the hydrogen atoms . 
which is so noticeable on aocount of the symmetry of the 

molecule. 

In this respect it would be most interesting,although 

the ttme alloted to the work described in this thesis does 

not permit,to oomp\e the relative rates of reaction velocity 

for the acetylenes along lines stmilar and analogous to those 
' 

followed by former investigators in connection with the 

reaotion velocities of the butylenes and hydrogen chloride. 

This work is described in an earlier part of this thesis. 

The results of such an investigation would,it is believed·• 

further substantiate the data alrea~ obtained for the 

acetylenes. It would be expected that an investigation of this 

sort would show that dimethyl~aoety~ene,1n relation to the other 

members of i~'s series and in particular to itrq isomer 

ethyl•acetylena,would have a muoh slower rate of velocity 

of chemical reaotion and behave in this respect muoh as the 

symmetrical ~ butylene of the olefine series. This is an 

avenue for fu~ure work whioh lack of time prevents tn this 

investigation but one that would yield highly interesting 

and informative results. 

In conclusion it may be said that)as a class of 

compounds_, the acetylenes stand out separately and distinctly 

from the paraffins and oleftnes as far as the physical 



properties an~ their interpretation is oonoernedo This is 

manifested in several instances by the comparison of their 
A 

ph~sioal properties with those of the other two series • 

Decrease in molecular weight in the ~raff1n and olefine 

series oauses,as would be expactad.for compounds of the same 

number of carbon atomsta lowering of such constants as boiling 

point,oritical temperature etc. These constants are seen to 

rise for the acetylenes in spite of their lower molecular 

weight. The total surfaoe energies of the acetylenes follow 

a tendency differing from that of the paraffins and olefines 

showing that they exhibit polar oharaoteristios not shared 

by the other series. 

That the acetylene linkage imparts to the compounds 

comprising this homologous series a polar tendency is made 

strikingly evident by the properties of dimethyl-acetylene. 

The properties of it's 1somar,ethyl-aoetylene,axhib1t, 
,.. 

parallel to the other members of 1t 1 s series.this observed 
,.. 

polarity but the faot that in dtmathyl-aoetylene the polarity 

is considerably masked by the symmetry of the moleoule 

brings to the fore with even·more empha~is the polar properties 

of the aoetylenes as a whole. 

Due to the saturation of the paraffin series it would 

not be expected that they would exhibit polarity in any 

of their properties. On passing from this series to that of the 

olafines it might be thought that some degree of polarity 

would be involved in consequenoe of the~r unaaturation. 
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'hat no property Of this sort is present may be observed by a 

consideration of their physical constants. No d1vergenoas 

1n ~he properties of~ butylena,the symmetrical olefine 

corresponding to dtmethyl•aoetylene.ara noticed which would 

probably be the case if pronounced polarity 1n this series 

existed. As unsaturation is increased resulting in the 

acetylene series an entirely different aspect is presented. 

All the properties that would be influenced by polarity 

of the molecule are seen to manifes~ this charaotaristio 

by their divergence from the general tendencies observed in 

the paraffin and olefine series. 1h1s makes it apparent 

that the acetylene series possesses a property that sets 

it apart as a separate class of compounds from the paraffins 

and olefine$ namely that the molecules of the members of 

this series exhibit a definite polar tendency. 



8ummai7 • 

The aliphativ aoetylenes.methyl-,ethyl-,and propy~­

acetylene have been prepared by the method of Lebeau and 

P1con. A description of this mathod,whioh consists in the 

alkylation of sodium aoetylida in liquid ammonia,is given. 

Its value as a means of preparing the hydrocarbons in a state 

of pur1t~ is emphasized. ~ method has bean evolved for the 

preparation of dimethyl-acetylene along linea analogous 

to those used in preparing the stmplar aliphatio ~oetylenes. 

For this preparation the sodium-metbyl-acetylida was methyl• 

ated 1n a reaction medium of li~uid ammonia. 

These hydrocarbons were prepared and vary carefully 

purified for the purpose of determining their physical 

constants. The datt~ obtained are melting points, boiling 

points,density and surface tension measurements over a 

temperature range suitable for each hydrocarbon and other 

constants calculated from the values so sbtained such as 

molecular latent heat of vaporisation,oritioal temperature 

and paraohor ate. 

These physical constants have been accurately deter~ 

mined 1n order to compare the hydrocarbons from the point of 

view of molecular forces of attraction. The interpretation 

of these data makes possible a comparison of these acetylenes 

not only among themselves but with special reference to the 

paraffin and olefine series. The fact that ethyl-acetylene 

and dimethyl-acetylene are isomers,eaoh possessing four 

carbon atoms,and)moreover.oan be compared with the butylenes 
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lends an added significance to the theoretical aspect of 

the work. 

·It is found,when the physical data for paraffins 

and olefines are oomp~-~red, thet the acetylene series exhibits 

pronounced polar tendencies that distinguish it from the 

other two series. The reality of this distinction is !;\ppP,rent 

from considerations of various properties with special 

reference to the total surface energy. 

The properties of ethyl-aoetylene are compared with 
I 

those of· its symmetrical isomer dimethyl-acetylene. The most 

striking difference is observed in the values obtained for 

the paraohor and molecular volume. Both these constants are 

seen to be considerably lower for dimethyl-acetylene. 

The interpretation put upon these differences leads to the 

conclusion that dimethyl-aoetylene,due to the shielding 

effeot of its symmetrically arranged hydrogen atams,behaves 

as if it were considerably more saturated than its fellow 

members of the acetylene series. 

The existenQa of a greater saturation in the symmet­

rical d1matb11-aoetylene is further dBmonstrated by the fact 

that its polarity is oonsi.der~bly lessened so thtat in this 

respect it resembles the members of the olefine series. 

In spite of the fact that the acetylenes h&ve lower 

molecular weights those constants usually depen~t on such 

a property as melting potnt,boiling point,critioal temperature 

eto. are shown to be consistently higher than for the members 



of the paraffin and olefine series. l!'hist together withthe 
concept of their polar1ty,leads to the conclusion that of 
the three series the aoe.tylenes are to be classified separ­
ately as far as their physical properties are concerned. 
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~he author's olaims to originality and contribution to 
(". 

knOWledge are : 

1. Certain modifioations in the Lebeau Pivon method 

for the preparation of al1phatio acetylenes and the faot 

that ethyl•,and met~l-aoet,rlene oan be dried by p~ssing 

the gases over phosphorous pentoxide without the possibility 

of their polymerization. 

2. (a) !he determination of the physioal properties 

of methyl~,eth71··;prop7l• and dimetql-aoetylene by physical 

chemical methods. 

(b) Where me~yl-aoetylene had been investigared 

before· this work includes a refinement and correction of 

the values previously obtained. 

( o) Melting points of these eydrooarbons have been 

accurately deter.mtned for the first ttme. 

(d) Vapor pressures of the· hJdrooarbons were determined 

for the first time over a temperature range resulting'• bl' 

this physical ohemioal method'lin a more accurate measure-

ment of all the boiling points. 

(e) Measurements of the density and surface tension 

were made for these hydrocarbons over a temperature range. 

1!'hese data1together with the constants oaloulated from them, 

have been determined for the first ttme. 
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{f) Dtmetb7l•aoetylena has been prepared for the 

first t~e by methylating the sodium-metql..aoetylide in 

liquid ammonia although this method has been indicated 

be fora. 

(g) Dtmethyl•aoet.rlene shows in its properties distinct 

anomalies. !he paraohor is considerably lower than that 

of its isomer ethyl-aoet,ylene. ~his is interpreted to 

mean that d~ethyl-acet.vlene behaves as a more saturated 

compound than the acetylene linkage would imply. The 

poawib111ty of a strain constant to be applied in the 

oaloulations for the parachor is suggested. 

(h) !he aoet7lena series is' distinguished fron the 

paraffin and olefine series in that it possesses pronounced 

polar tenden oi..e s • 
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