
THE INSTITUTE OF PETROLEUM.
A m e e t in g  of the In stitu te  of Petroleum was held a t Manson House, 

Portland Place, London, W .l, on W ednesday, May 7, 1947, the Chair 
being taken  by Mr H. C. T e tt (Vice-President and Chairman of Council).

After the General Secretary (M r  F .  H. C o e ) had read the names of 
newly elected members, the Chairman said : I t  is now my pleasure to 
hand the meeting over to  the Chairmanship of Dr A. Parker, C.B.E., 
the Director of the Fuel Research Station of the D epartm ent of Scientific 
and Industrial Research. D r Parker is well known to  us all, and we are 
very fortunate th a t he has agreed to occupy the Chair this evening. He 
was closely associated with Major Gordon in the work which resulted in 
th is paper, and I  am sure we could not wish for a better Chairman.

D r  A. P a r k e r , having formally occupied the Chair, said : F irst I  will 
strike a personal note and say how much I  appreciate the invitation to 
occupy the Chair, as an outside Chairman, for the presentation by my 
old friend Major Gordon of his paper on the development of hydrogenation 
and Fischer-Tropsch processes in Germany.

I t  is m y task  to  introduce Major Gordon, but I  am certain he is so well 
known to everybody here th a t he really needs no introduction. You 
all know of his outstanding work, particularly a t Billingham, in relation 
to  coal hydrogenation, the hydrogenation of creosote, tars, and so on, 
and also his work in relation to  the hydrogenation of certain petroleum 
fractions for the production of high-octane aviation spirit, which in large 
measure helped us to  win the war. W ithout a spirit of th a t kind we 
certainly should not have won the B attle of Britain or have been able 
to proceed further.

I  am not sure, however, th a t you know of Major Gordon’s activities 
in relation to  the investigation of the processes in  Germany. Some will 
know; your Vice-President, Mr T ett, was one of the team, and there are 
others in the audience who took part in the investigations in Germany, 
which began in March or early April 1945 before the war was over.

In  the paper Major Gordon has not stated  how this was set up, because 
the paper deals w ith technical m atters. B ut I  would like to say tha t, 
a t the instigation or suggestion of Sir Harold Hartley, in the autum n of 
1944 the Ministry of Fuel and Power began to prepare for the tim e when 
we could go into Germany, within a few horns of works and plants being 
captured, in order to  collect information with regard to  the activities 
there, with the object of assisting to  win the war. The Ministry decided 
to set up a body—I  forget whether i t  was called a  Working P arty  or a 
Group—which came to  be known later as the Oil Mission, Major Gordon 
being Chairman. T hat Oil Mission included specialists in hydrogenation, 
the Fischer-Tropsch process, coal carbonization, gasification, petroleum 
refining, lubricating oil, and so o n ; and it  was divided into a number 
of team s, with a leader responsible for each. Major Gordon and his 
colleagues a t  Billingham took full responsibility for collecting all the



inform ation on hydrogenation, and the Fuel Research S tation accepted 
responsibility for the Fischer-Tropsch process, whilst others took respon­
sibility in connexion with refining, • lubricating oil, and so on. An 
enormous am ount of work was carried out. The various reports were 
w ritten  and m any have been issued by H.M. Stationery Office as B.I.O.S. 
reports.

The nex t stage was to  make an overall report dealing with processes as 
a whole—hydrogenation, Fischer-Tropsch, oil refining, ta r  refining, ahd 
so on. The various sections were w ritten  by individuals, and Major 
Gordon pu t in an enormous am ount of work writing a sum m ary of the 
whole lot. I  am sorry th a t the  printing has been so slow th a t i t  is not 
published y e t; the  work has got beyond the proof stage, b u t owing to 
the fuel crisis the  printing has been delayed. W hen you see i t  I  am 
confident you will agree th a t Major Gordon, as Chairman of the Oil 
Mission, leader of one of the team s and co-ordinator of the  reports, has 
p u t in a trem endous am ount of work.

T hat is a picture of how some of the inform ation on w hat is happening 
in Germany has been obtained. Of course, we all became soldiers for the 
tim e being; we w ent over to  Germ any and were on the  targets within a 
few hours of their capture. I t  was a rush job, because the assault on the 
R uhr was very rapid once it  did start.

M a j o r  G o r d o n , in presenting the following paper, said : D r Parker has 
given an indication of the conditions in which we exam ined the various plants 
in  Germany, and I  would take th e  opportunity  to  say w hat a  very fine team  
of people was provided by the authorities concerned to  m ake up these 
various missions into Germany. The position was a little  complicated 
in th a t the investigation of the targets was a jo in t effort with the Americans. 
B u t I  m ust say th a t I  found the Americans very easy to  get on w ith; 
the  leader of their party , m y various colleagues and I  found no difficulty 
in co-operating and arranging who should go to  which places, on the same 
sort of plane, though in  a small way, as th a t on which Generals Mont­
gomery and Eisenhower arranged who should be w hat.

Reference was m ade by D r Parker to  the  docum ent which gives a 
sum m ary of the inform ation contained in the reports w ritten  by the 
leaders of the  various team s. A great deal of tim e had to  be devoted to 
i t  in order to  make everything consistent; and i t  is a very  large docu­
m ent. I  do not know w hat the Stationery Office will charge for it, but 
it is w orth a lot of money, I  think. I  read the  final proofs about a  month 
ago.

W hen I  was asked by  th is In stitu te  to  prepare a paper on the same 
subject i t  was ra ther difficult for me, as you will appreciate, to  go over 
the same ground again. So th a t, ra ther th an  fill th is paper w ith detailed 
scientific and statistical information, which would have m ade it very long, 
and having regard to  the fact th a t the  detailed report is being pubhshed, 
I  felt th a t a brief sum m ary of the position in Germany would be more 
acceptable and perhaps easier to  read, drawing the a tten tion  of those 
in terested to  the various things they m ight like to  follow up when the 
detailed report is available.

From  the point of view of pure fuel technology we were all "very dis­
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appointed th a t not more knowledge was gained. So far as the hydro­
genation process was concerned, of which I had a  knowledge before the 
war of what was going on in Germany, the developments were completely 
negligible in the direction of new processes; there was the development 
of an enormous number of new plants, bu t there was no really new informa­
tion beyond th a t which was known in 1938. I  think the same remark 
applies to  the Fischer-Tropsch process. I  am not so familiar w ith tha t, 
bu t so far as I  could make out there was really nothing new, and there 
was no t in th a t case the very big development of output th a t had been 
effected in hydrogenation. In  straight oil refining there was ever^ less. 
There were some interesting developments of petroleum production in 
Germany, the Germans having found some new fields; th a t m atter is 
dealt w ith in the  report. There was also a very great deal of interesting 
chemical development on the border-line between petroleum technology 
and the chemical industry ; some of th a t development is dealt with a t 
greater length in the report.

DEVELOPMENT OF- HYDROGENATION AND 
FISCHER-TROPSCH PROCESSES IN GERMANY.

By K. G o r d o n ;*

G e n e r a l .

The hydrogenation process was the more im portant of the two synthetic 
processes used in Germany from the point of view of the production of fuel. 
The first commercial p lant was built a t Leuna, and it  was started in 1927. 
I t  was originally intended to  operate with brown coal, but various diffi­
culties caused this plan to  be abandoned temporarily, and brown coal-tar 
was the raw  m aterial used until 1931, when the difficulties with brown coal 
were overcome.

By the outbreak of war the output a t Leuna had reached 440,000 tons a 
year, and during the war the output increased to 600,000 tons a year.

The building of new hydrogenation plants was an im portant part of the 
five-year plan which was pu t into operation a t the access of the Nazis to  
power. The first plants were a t Bohlen and Magdeburg, and were combined 
brown coal carbonization and brown coal-tar hydrogenation plants. These 
plants added 300,000 tons a year to  the' capacity for home-produced oils in 
Germany.

The first p lant built in Germany for the hydrogenation of bituminous 
coal was a t Scholven. This p lant was started  up in 1937, and used a process 
similar to  th a t employed a t Billingham.

At the outbreak of the war the capacity of the plants completed was 
1,400,000 tons a year, and actual output was a t the rate of over 1,000,000 
tons a year. More new plants were built, until the capacity of the installed 
plants wfts about 4,000,000 tons a year. The actual output reached a 
maximum rate  corresponding to  3,600,000 tons a year early in 1944, when 
Allied bombing rapidly reduced production to a negligible amount.

* Im perial Chemical Industries , L td .
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The hydrogenation plants were the most im portant of the German syn­
thetic  fuel p lants, as they provided the whole of Germ any’s requirem ents of 
aviation fu e l; nearly half the ou tpu t of the hydrogenation plants was taken 
in th is form.

The first p lan t employing the Fischer process was started  by Ruhrchem ie 
in 1936. In  1939 the ra ted  capacity of the Fischer p lants was 740,000 
tons a year. There was little or no increase in this capacity during the 
war. The m aximum ou tpu t of the Fischer p lants was a t a ra te  of 570,000 
tons a year, some 14 per cent of the to ta l production of oil from coal.

The reason for the  lack of development of this process compared with 
progress in hydrogenation is not difficult to  find. The m otor fuel produced 
is of very poor quality  from the point of view of octane num ber, and is 
quite unsuitable for aviation fuel. The principal in terest in th e  Fischer 
process was its use for supplying raw  m aterials for chemical processes, 
and  the  pre-war scale of operation was ample to  supply all the  requirements 
in this field.

Table I, which is extracted  from the “ R eport on S tudy of Liquid Fuel 
Processes in G erm any,” shortly to  be published, gives a sum m ary of the 
capacity  for which the various processes were installed.

T a b l e  I .

A n n u a l ra te  of p ro duction , tons.

H y d ro ­
genation .

F isc h e r-
T ropsch

synthesis
p lan ts .

R efining
of

G erm an
petro leum .

B row n 
coal an d  
b it. coal- 
t a r  d is­

tilla tio n .

Benzol. T o ta l

A v ia tion  fuel . 
M otor sp irit 
D iesel oil 
F u e l oil . 
L u b rica tin g  oil. 
M iscellaneous .

1,900,000
350.000
680.000 
240,000

40.000
40.000

270.000
135.000

20,000
160.000

160,000
700.000

70.000
780.000

90.000

35.000 
110,000 
750,000

50.000

50,000
330,000

1.950.000
1.145.000
1.625.000
1.060.000

840.000
340.000

3,250,000 585,000 1,800,000 945,000 380,000 6,960,000

P r o d u c t io n  o e  S y n t h e s is  G a s .

Synthesis gas is the term  used for a m ixture of carbon monoxide and 
hydrogen which is needed for the Fischer process directly or for the pro­
duction of the pure hydrogen required for the  hydrogenation process. To 
make 1 ton  of Fischer product we need 11,000 m 3 of synthesis gas. To 
make 1 ton of motor fuel by the hydrogenation process we need from 1000 
to  3600 m3 of hydrogen, and hence synthesis gas, according to  the raw 
m aterial used, and the product made.

Coal Gasification.
Considering first of all a situation as in Germany where some form of 

coal is the  only raw m aterial, one is faced w ith the initial problem of gasi­
fication. The Fischer and the hydrogenation processes only differ in this
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respect in degree. I t  is not proposed in this paper to give details of the 
various types of p lan t used. A large proportion of the output was made in 
conventional water-gas plants. Most of the  developments were in the 
direction of the utilization of low grade solid fuel as the raw m aterial for 
gasification. Oxygen was used both for this purpose and to  make the 
process continuous.

Manufacture of Hydrogen from Hydrocarbons.
The development of processes, starting with hydrocarbon gas as the 

raw m aterial, is of more interest to  the oil industry. The first commercially 
operated plants for the production of hydrogen from natural gas cracked 
the natural gas therm ally over red-hot brickwork to  give “ reformed gas,” 
not dissimilar in composition to  coke-oven gas. The hydrogen in 'th is  gas 
was then separated by liquefaction and distillation, employing the f?ame 
process as is used to  separate hydrogen from coke-oven gas.

A more attractive process was discovered by the I.G. Farbenindustrie, 
and was employed on a large scale for the first tim e by the S tandard Oil 
Company A This goes by the name of the  “ m ethane-steam  process.” 
The gas is passed, together with steam, over a catalyst containing nickel, 
and the hydrocarbons are converted almost entirely to  CO, C 02, and H 2. 
There were considerable developments of this process by the I.C .I. in Eng­
land. Details of the  plants have recently been described in a paper by the 
writer to the  In stitu te  of Fuel entitled “ Developments in the Hydrogena­
tion of Coal and T ar.”

Two plants were built in Germany during the war, one a t Wesseling on 
the Rhine, and one a t Polifz, near Stettin . The Wesseling plan t was very 
similar to  those built in Great Britain, and it  does not call for any special 
comment. The raw  m aterial was the tail gas from the hydrogenation pro­
cess, and producer gas made from brown coal briquettes was used as the 
fuel.

The hydrocarbon gas is first purified from sulphur compounds by passing 
a t 420° C through chambers filled with iron oxide and zinc oxide. The 
reaction tem perature is 750° C. The reaction is carried out in tubes in 
parallel made of K rupp’s NCT6 alloy’. The exit gas, after cooling in heat 
exchangers, goes over an iron chromium catalyst a t a lower tem perature 
for the conversion of the major part of the CO to  C 02 and H 2 by catalysis 
with steam.

K W  Process. ^
Although the m ethane-steam  process is a t the same tim e simple in 

operation and low in capital cost, the Germans developed another process, 
known as the “ KW  Process,” for the manufacture of synthesis gas from 
hydrocarbons. This process was developed a t Oppau and it was intended 
to  operate it on a much larger scale a t new plants a t Heidebreck, Walde- 
burg, Ausschwitz, and Linz. The heat of reaction for the conversion of the 
hydrocarbons to synthesis gas is provided by combustion of part of the gas 
with oxygen.

The reactions taking place in the m ethane-steam  process can be 
represented by :—

CH4 +  H 20  =  CO +  3H2.
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T a b l e  I.

A n n u a l ra te  of p roduction , tons.

H y d ro ­
genation .

F isc h e r-
T ropsch
synthesis

p lan ts .

R efining
of

G erm an
petro leum .

B row n 
coal an d  
b it. coal- 
t a r  d is ­

tilla tio n .

Benzol. T o ta l

A v ia tio n  fuel . 
M otor sp irit 
D iesel oil 
F u e l oil . 
L u b rica tin g  oil. 
M iscellaneous .

1,900,000
350.000
680.000 
240,000

40.000
40.000

270.000
135.000

20,000
160.000

160,000
700.000

70.000
780.000

90.000

35.000 
110,000 
750,000

50.000

50,000
330,000

1.950.000
1.145.000
1.625.000
1.060.000

840.000
340.000

3,250,000 585,000 1,800,000 945,000 380,000 6,960,000

P r o d u c t io n  o f  S y n t h e s i s  G a s .

Synthesis gas is the term  used for a m ixture of carbon monoxide and 
hydrogen which is needed for the Fischer process directly or for the pro­
duction of the pure hydrogen required for the hydrogenation process. To 
make 1 ton  of Fischer product we need 11,000 m3 of synthesis gas. To 
m ake 1 ton  of m otor fuel by the hydrogenation process we need from 1000 
to  3600 m3 of hydrogen, and hence synthesis gas, according to  the  raw 
m aterial used, and the product made.

Coal Gasification.
Considering first of all a  situation as in Germ any where some form of 

coal is the  only raw  m aterial, one is faced w ith the initial problem of gasi­
fication. The Fischer and the hydrogenation processes only differ in this
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respect in degree. I t  is not proposed in this paper to give details of the 
various types of p lan t used. A large proportion of the output was made in 
conventional water-gas plants. Most of the developments were in the 
direction of the utilization of low grade solid fuel as the raw material for 
gasification. Oxygen was used both for this purpose and to make the 
process continuous.

Manufacture of Hydrogen from Hydrocarbons.
The development of processes, starting with hydrocarbon gas as the 

raw m aterial, is of more interest to  the oil industry. The first commercially 
operated plants for the production of hydrogen from natural gas cracked 
the natural gas therm ally over red-hot brickwork to  give “ reformed gas,” 
not dissimilar in composition to  coke-oven gas. The hydrogen in 'th is gas 
was then separated by liquefaction and distillation, employing the iame 
process as is used to  separate hydrogen from coke-oven gas.

A more a ttractive process was discovered by the I.G. Farbenindustrie, 
and was employed on a large scale for the first tim e by the Standard Oil 
Company This goes by the name of the  “ m ethane-steam  process.” 
The gas is passed, together with steam, over a catalyst containing nickel, 
and the hydrocarbons are converted almost entirely to CO, C 02, and H 2. 
There were considerable developments of this process by the I.C.I. in Eng­
land. Details of the plants have recently been described in a paper by the 
w riter to  the In stitu te  of Fuel entitled “ Developments in the Hydrogena­
tion of Coal and T ar.”

Two plants were built in Germany during the war, one a t Wesseling on 
the  Rhine, and one a t Polifz, near Stettin. The Wesseling plant was very 
similar to  those built in Great Britain, and it does not call for any special 
comment. The raw m aterial was the tail gas from the hydrogenation pro­
cess, and producer gas made from brown coal briquettes was used as the 
fuel.

The hydrocarbon gas is first purified from sulphur compounds by passing 
a t 420° C through chambers filled with iron oxide and zinc oxide. The 
reaction tem perature is 750° C. The reaction is carried out in tubes in 
parallel made of K rupp’s NCT6 alloy'. The exit gas, after cooling in heat 
exchangers, goes over an iron chromium catalyst a t a lower tem perature 
for the conversion of the major part of the CO to C 02 and H 2 by catalysis 
w ith steam.

K W  Process. v
Although the m ethane-steam  process is a t the same time simple in 

operation and low in capital cost, the Germans developed another process, 
known as the “ K W  Process,” for the m anufacture of synthesis gas from 
hydrocarbons. This process was developed a t Oppau and it was intended 
to  operate it on a  much larger scale a t new plants a t Heidebreck, Walde- 
burg, Ausschwitz, and Linz. The heat of reaction for the  conversion of the 
hydrocarbons to synthesis gas is provided by combustion of part of the gas 
with oxygen.

The reactions taking place in the m ethane-steam  process can be 
represented by :—

CH4 +  H 20  =  CO +  3H2.
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The reaction is endothermie, and the am ount of fuel required corre­
sponds to  37 per cent of the calorific value of the reacting gas.

In  the K W  process the reactan t gas and oxygen are preheated and burned 
a t  high tem perature ; the hot gases pass directly over a nickel-containing 
catalyst. The overall reaction can be represented as follows :—

CH4 + i 0 2 =  CO +  2H 2.

I t  will be seen th a t the gas produced is three-quarters of th a t made by 
the m ethane-steam  process. As no additional fuel is required, the overall 
heat balances of the two processes are very similar. The K W  process 
requires oxygen which involves capital expenditure and running costs.

Considerable precautions are necessary to  avoid explosions in the burner. 
Because of the high tem perature a t which the gases leave the burner and 
pas's to  the nickel catatyst, 1200° C, nickel is lost as carbonyl and has to  be 
replaced by introducing nickel n itra te  in the  combustion zone. Again on 
account of the high tem perature, there is a  small form ation of carbon in 
the form of soot and th is has to  be filtered from the  exit gas.

To give a proper comparison of this process w ith the m ethane-steam  
process an accurate economic study  under comparable, conditions would 
have to  be made, bu t it  is difficult to  see w hat benefit the K W  process offers 
over the m ethane-steam  process. A possible reason for its adoption is 
to  avoid the use of high chromium steel for reaction tubes, as th is m aterial 
was in  short supply in Germany during the war.

Modification of the K W  Process to Produce Acetylene.
A very interesting modification of the  K W  process was in the  pilot 

p lan t stage in Germany. Oxygen was burned in the hydrocarbon gas in a 
similar way to  th a t just described, bu t the reactan ts were preheated, the 
products were rapidly cooled, and no- catalyst was used. Acetylene was 
produced in a proportion approxim ating to the equilibrium  am ount a t  the 
high tem perature of the  flame. No steam  is, of course, added to  the 
reacting gases.

In  cases where both acetylene is required and the synthesis gas is needed 
for chemical purposes and not used as fuel, the  process appears to  offer 
some economic attractions. Approxim ately 25 per cent of the  carbon in 
the hydrocarbon gases is converted into actylene, and the balance is 
recovered as synthesis gas.

The reaction can be represented very approxim ately by the equation :—

7C2H 6 +  7 0 2 -  2C2H 2 +  CH4 +  C 02 +  8CO +  13H2 +  4H 20 .

Using m ethane as the raw  m aterial the composition of the exit gas 
is :—

A cetylene 
C arbon dioxide 
M ethane
Carbon m onoxide 
H ydrogen

8 to  9 p e r cen t. 
3 to  4 
6 to  7 ,,

24 to  26 ,,
56

Acetylene and also C 02 are removed from the gas m ixture by compression 
to  18 atmospheres, and washing w ith water. The residual gas contains 
ra ther more m ethane than  is desirable for both processes requiring synthesis, 
gas, and a second stage treatm ent would be desirable to  remove it.
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Operation of CO Conversion Under Pressure.
The only other notew orthy development in the production of synthesis 

gas was a pressure process for the  reaction :—

CO +  H 20  -  C 02 +  H 2.
This process operated a t atmospheric pressure has long been known and 

is the conventional method of hydrogen manufacture for ammonia synthesis, 
for the hydrogenation process, and for adjusting the H 2 : CO ratio of gas for 
synthesis gas m anufacture. An increase of pressure has no effect on the 
equilibrium, bu t it increases the velocity of reaction.

Since one volume of CO gives by this reaction one volume of C 02 and 
one volume of-hydrogen, compression costs are saved by carrying out the 
hydrogen reaction a t as high a pressure as is practicable. I t  is, on the 
other hand, necessary to  use high-pressure steam  instead of low-pressure 
steam  for the reaction.

In  practice considerable difficulty was encountered by the Germans in 
operating th is process. W hilst an atmospheric pressure p lant can be 
built throughout of mild steel, and no particular corrosion problems are 
m et, the use of high-pressure gases produces corrosion problems which are 
only overcome by the use of stainless steel.

As is the case with the KW  process, it would appear doubtful whether 
this process would in fact give a substantial improvement over conventional 
methods.

T h e  H y d r o g e n a t io n  P r o c e s s .

Table I I  gives a list of the German hydrogenation plants, their capacity 
and the raw m aterials employed :—

T a b l e  I I .
German Hydrogenation P lants Operating in  1945.

N am e o f p lan t. M ain raw  m ateria l.

Nom inal capacity  for 
production  of to ta l  

liquid products 
including liquefied 

gas (tons/year).

L euna . . . . Brown coal an d  brown coal-tar 620,000
Bohlen . . . . Brown coal-tar 250,000
M agdeburg B row n coal-tar 220,000
Zeitz . . . . B row n coal-tar 250,000
Scholven B itum inous coal 220,000
Gelsenberg
W elheim

B itum inous coal 400,000
P itch  an d  ta r 130,000

P ö litz -S te ttin B itum inous coal, p itch , ta r ,  and 
petro leum  residues

700,000

L ü tzk en d o rf . P etro leum  residues and  ta r 50,000
W esseling R hine brow n coal 200,000
B rü x  . Brow n coal-tar 400,000
B lechham m er B itum inous coal 425,000

Hydrogenation of Bituminous Coal.
The first p lant for hydrogenating bituminous coal was built a t Billingham. 

The first p lan t in Germany was a t Scholven, and formed an addition to  an
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existing ammonia p lant. The Scholven plan t employed substantially  the 
same process as was used a t Billingham, which has already been described.*

Coal is made into a 45 per cent coal p a s te ; tin  oxide and ammonium 
chloride are added as catalysts. The reaction takes place a t 460° C and 
300 atm  pressure. The hot products leaving the m ain converter are 
neutralized w ith a suspension of alkali in oil to  avoid corrosion through 
chlorine.

The throughput of coal a t Scholven was 0-264 tons/m 3 reaction volume/- 
hour. The yield of m otor spirit and middle oil was 60 to  61 per cent of the 
ash- and moisture-free coal.

The sludge was treated  for oil recovery by fugalling and carbonization in 
“ kugelofen ” of the residue.

Later, coal hydrogenation plants were built a t Gelsenberg, a t Politz, 
■near S tettin , and a t Blechhammer. In  these p lants it was decided to 
raise the  reaction pressure- a t  700 atm . All other conditions being kept 
constant, the increased pressure would be expected to  be accompanied by 
increase in  yield and decrease in the reaction volume required. The main 
purpose of the increase in pressure in these plants appears no t to have been 
to  obtain th is increased yield, bu t to  simplify the operation by making 
unnecessary the use of m aximum chloride and the  subsequent neutraliza­
tion of the  hydrochloric acid in the vapours by  alkali. I t  would indeed be 
im practicable to  use the acid hydrogenation conditions w ith ammonium 
chloride a t 700 a tm  pressure, since condensation of hydrochloric acid would 
take place even a t the  reaction tem perature, and it would be impossible to 
avoid corrosion by the means adopted a t 300 a tm  pressure. A t 700 atm , 
1-2 per cent of iron in the form of sulphate, together w ith 1-5 per cent by 
weight of “ Bayermasse ” (iron oxide), and 0-3 per cent by weight of sodium 
sulphide, was used as catalyst. A ra ther higher tem perature, 480° C in 
place of 460° C, was employed.

A t the plants a t Gelsenberg and Politz, coal hydrogenation was operated 
under approxim ately balanced .conditions, so far as the production of heavy 
oil is concerned. The tem perature and th roughput are controlled so th a t 
the net form ation of heavy oil ju st equals th a t lost in the trea tm en t of the 
sludge.

A t Blechhammer there was an interesting variation. A higher through­
p u t was used, and gave excess of heavy oil which was disposed of as a  fuel, 
under conditions involving the replacem ent of p a rt of the heavy oil used for 
preparing the coal paste by middle oil.

I t  was the original intention of the Billingham plan t to  operate the coal 
hydrogenation stage in a similar way, bu t the object was no t to  make fuel 
oil, bu t to  allow the heavy oil to  be treated  under more efficient conditions 
in a separate liquid-phase hydrogenation stage. Operation with excess of 
heavy oil had to  be abandoned because a t  the  pressure employed there 
was an excessive accumulation of asphalts in the  circulating heavy oil 
system. Operation a t 700 atm  removes th is lim itation.

Table I I I  gives the operating conditions of the  coal stage a t  Scholven

* Gordon, K „  “ The D evelopm ent o f Coal H ydrogenation  by  Im p eria l Chemical 
In d ustries , L td .,” J . In st. Fuel, 1935, 9, 69; G ordon, K ., “ Progress in  th e  H y d ro g en a­
tio n  o f Coal an d  T a r ,” J .  In st. Fuel, 1946, 20, 42,
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T a b l e  I I I .

Scholven. Gelsenberg. Blechham m er.

O perating  pressure, a tm ospheres 300 700 700
Coal feed ra te , to n /m 3/hour 0-264 0-39 0-65
H ydrogen used, p e r cen t .
Y ield o f m oto r fuel plus m iddle oil,

9 to  10 10-3 8

p er cen t . . . . . 61 66-8 46-7
F uel oil, p er cen t . . . . ni l ni l 21-5
U nconverted  coal, p e r  cen t 8 4 4
Loss of oil, pe r cen t 6-0 4-7 5-5
H ydrogen gases, p er cen t 25-0 20-5 29 to  20

and a t Gelsenberg (these figures apply equally to Pölitz) and a t Blech 
hammer.

The m otor fuel and middle oil were then hydrogenated together by the 
vapour phase process, to be described later. In  this way, separate acid 
treatm en t of liquid-phase motor fuel was avoided.

Hydrogenation of Middle-German Brown Coal.
This m aterial was the first to  be hydrogenated on a commercial scale 

and the process was operated a t Leuna in the first instance in 1927. As 
. already indicated, this operation ceased for a tim e bu t was restarted in 1931, 
and continued thereafter.

The operating pressure a t Leuna is 230 atm , and this pressure was 
doubtless chosen to  be in line with conditions employed for ammonia 
synthesis. A higher pressure is preferable, and in the brown coal plant 
built a t Wesseling the pressure was increased to  700 atm . The raw 
m aterial used in this p lan t differed from middle-German brown coal in being 
a more refractory m aterial.

The dry brown coal was made into a paste with heavy oil and “ Bayer­
masse ” was added as the catalyst, in a concentration of 4 per cent by 
weight on the original coal. The paste contained 44 per cent coal and was 
hydrogenated with tem peratures up to 490° C. Im proved results were 
obtained by dropping the tem perature of the last converter of the series to 
475° C.

Operating conditions with brown coal a t Leuna are given in Table IV.

T a b l e  IV.
Pressure . . . . . 230 a t m
T hroughout . . . . . 0-46 to n /m
Y ield of m otor fuel plus m iddle oil . 50 per cent
H ydrocarbon  gases 15-2 „
CO a n d  C 0 2 . . . . . 10-6 „
U nconverted  coal . . . . 1-5 „
H ydrogen absorbed 6-7 „

Hydrogenation of Brown Coal-Tar.
Brown coal-tar is a much more reactive and a lighter boiling material 

than  ta r  from bituminous coal. On the plants a t Bohlen, Magdeburg, 
Leuna, and Briix, the crude ta r  was first fugalled to remove solids, and then 
distilled into middle oil, for treatm ent in the vapour phase, and a heavy 
oil residue. The la tter was hydrogenated a t pressures in the region of
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220 to  300 atm  a t a tem perature of 460 to  480° C using as the catalyst finely 
divided brown coal coke im pregnated with iron. The am ount employed 
was 1 per cent of catalyst, containing 5 to  6 per cent of iron, on the ta r.

The feed ra te  was approxim ately 1 ton /m 3/hour, the yield of m otor fuel 
plus middle oil approxim ately 79 per cent, and the hydrogen consumption 
3-8 per cent.

The products leaving the converter were separated in a catchpot m ain­
tained substantially a t  reaction tem perature, and the liquid heavy oil 
recycled through the preheater to  the first converter. P a rt of it m ust 
be let down in pressure continuously, to  remove the accum ulation of ash 
in the system. The purge is carbonized in similar ro tary  kilns to  those 
used for coal hydrogenation product. The lighter products go overhead 
from the ho t catchpot and are condensed in the coolers.

After separation from excess hydrogen, the pressure is released in stages. 
Th* product is norm ally distilled in the same p lan t as th a t employed for 
the distillation of the crude ta r  into middle oil and heavy oil. The la tter is

The middle oil from the liquid-phase hydrogenation and the middle oil 
obtained directly by the distillation of ta r  were hydrogenated together in the 
vapour phase. L ight oil recovered from the gases from brown coal car­
bonization was also included in the feed to  the vapour phase.

The overall yield in the process from crude ta r  was 75 to  85 per cent by 
weight of motor spirit to about 70 per cent of aviation spirit.

A t Zeitz there was an interesting variation of brown coal-tar hydro­
genation. The ta r, after fugalling and filtering, was fed to  converters filled 
w ith pelletted 5058 (tungsten sulphide) catalyst, a t  300 atm  and tem pera­
tures of 360 to  390° C.

The product is more saturated  than  th a t obtained by norm al operation; 
indeed a t the lower tem perature some 10 per cent of lubricating oil base was 
obtained. The main product was diesel oil in a yield of 50 to  60 per cent.

Hydrogenation of Bituminous Coal-tar, Pitch, and Petroleum Residues.
These m aterials are all more refractory th an  brown coal products which 

formed such a large p a rt of German production, and were trea ted  a t 700 
atm  a t  S tettin , Welheim, and Lutzkendorf. The process is the same 
as th a t described from brown coal-tar, except for the  increase of pressure, 
and an increase of reaction tem perature from  480 to  490° C. The catalyst 
was the same as th a t used for brown coal-tar.

The Welheim p lan t was of interest in having been built in the first 
place to  trea t coal ex tract made by the P o tt Broche process. Difficulties 
with this process led to  the plants being operated on pitch.

Welheim was started  before the war, and was the first hydrogenation 
p lan t to  work a t 700 atm . The conditions for p itch  hydrogenation at 
W elheim are given in Table V.

recycled.

T a b l e  V.
O perating  pressure . . .
Feed ra te  . . . .  
H ydrogen used
Yield o f m oto r fuel plus m iddle oil 
Y ield of fuel oil

700 a tm .
0-51 to n /m 3/hour 
7-1 p e r cen t

28
45
9Yield of hydrocarbon gases
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According to  information supplied by the I.G., a combination of pitch 
hydrogenation a t 700 atm  with hydrogenation of the middle oil resulting 
from this operation and th a t arising from the initial distillation of the ta r , 
would give a final yield of 78 per cent of petrol with a hydrogen absorption 
of 13-7 per cent.

The 700-atm process was used a t S tettin  and Lützkendorf for the hydro­
genation of residues resulting from petroleum cracking. Not much infor­
m ation is available. The same catalyst was used as for other liquid-phase 
hydrogenation processes. The feed ra te  was 0-63 ton/m 3/hour, the 
hydrogen absorption 3-2 per cent, and the yield of motor fuel plus middle 
oil 86 per cent.

The petroleum  residues were those resulting from cracking operations. 
Much improved results would be obtained from more carefully controlled 
hydrogenation of residues from distillation, in which cracking has been 
reduced to  the  minimum.

Fajior-Phase Hydrogenation. >
' The survey of the  process as so far described for the treatm ent of coal, 

ta r, and similar m aterials, has consisted of a combination of distillation and 
liquid-phase hydrogenation, giving as the products middle oil, motor fuel, 
and hydrocarbon gasës. The first two were no t normally separated in 
German practice.

The specification for the middle oil was fixed 4>y the requirements of 
vapor-phase hydrogenation and normally calls for an end point of 325° C.

Vapor-phase hydrogenation is usually carried out a t 250 to  300 atm  
pressure. There is normally no point in the higher pressures th a t have 
been used for liquid-phase hydrogenation. A t Welheim and Lützkendorf, 
however, vapor-phase hydrogenation was worked a t 700 atm . The 
reaction tem perature was usually in the region of 400° C.

The oil was pumped to  the required pressure and mixed immediately 
with hydrogen a t the  same pressure. The proportion was usually 2000 
m3/ton  of oil. The m ixture of oil and hydrogen passed through tubular heat 
exchangers and then through a gas-fired or electrically heated tubular 
preheater. A unit may comprise one, two, or three converters in series, 
and each converter is divided into compartments. Each com partm ent is 
filled w ith solid pelletted or extruded catalyst, and the hydrogen and 
vaporized oil flow downwards over the catalyst. Between each two sec­
tions of the converter, cold hydrogen is introduced to control the tem pera­
ture. On leaving the last converter the products are cooled, first in heat 
exchangers and finally in a water cooler. The mixed gaseous and liquid 
products from the cooler go to  a high pressure separation vessel where the 
excess hydrogen is separated and recirculated to  the plant.

The pressure is released, usually in three stages, to effect a degree of 
stabilization.

In  vapor-phase hydrogenation the formation of light hydrocarbon gases 
is small relative to  th a t found in liquid-phase hydrogenation. The solu­
bility of hydrocarbon gases in the oil is such th a t the concentration of 
hydrocarbon gases does not rise above 10 per cent. In  the liquid-phase, 
on the other hand, it is usually necessary to pass circulating hydrogen
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through subsidiary columns, in which it is washed with circulating oil, to 
m aintain the hydrocarbon concentration down to a reasonable maximum.

The original vapor-phase process was a single stage one. The liquid 
product contained some 50 to  70 per cent of m otor fuel, and was distilled 
to  give three fractions, excess butane and lighter hydrocarbon gases, m otor 
fuel, and recycle middle oil. The last is returned to  th e  process. The 
catalyst introduced by the I.G. in 1931 was tungsten  sulphide (5058). I t  
is extrem ely active, provided th a t a minimum concentration of sulphur is 
present in the  to ta l feed m aterial. An im provem ent was developed in 
1935. This consisted of the  use of a catalyst (6434) containing 10 per cent 
of tungsten  sulphide on activated  earth . This catalyst is very active, gives 
a high yield, and works a t  ra ther lower tem perature. I t  is very sensitive 
to  nitrogen compounds, and when dealing w ith raw  m aterials derived from 
coal-tar, and the like, it  is necessary th a t the  feed should have prelim inary 
hydrogenation.

As the  process was worked in Germany th e  first vapor-phase stage 
was operated w ith 5058 catalyst, giving some 30 per cent of m otor fuel. 
The middle oil from this stage, am ounting to  nearly 70 per cent of the feed, 
then went to  the 6434 un it for final conversion to  m otor fuel.

The yields obtained by the two-stage vapor-phase hydrogenation process 
varied from 95 per cent, in the  case of m otor spirit containing butane, 
down to  some 80 per cent in the  case of aviation spirit, in which no butane is 
permissible, and where the end point of the  spirit is lower, so th a t a  greater 
^proportion of the crude product m ust be recycled.

The to ta l average feed ra te  was in th e  region of 0-8 to  1-0 tons of feed 
per cubic m etre of catalyst per hour. The average size of converter 
contained 8 m3 of catalyst, and usually three were operated in series.

The life of the 5058 catalyst was a t least one, and frequently two, years. 
The 6434 catalyst also had a life of over a year, bu t care had to  be taken to 
m aintain its activ ity  by excluding nitrogen compounds both from the liquid 
feed and the circulating gas.

A t Welheim and Liitzkendorf, vapor-phase hydrogenation was carried out 
a t  700 atm  pressure. This enabled 6434 catalyst to  be used in a  single 
stage operation a t Liitzkendorf. A t W elheim a special catalyst operated 
a t a good deal higher tem perature was used (480° C) to  produce a highly 
arom atic m otor fuel. In  both these cases the spirit yields were lower and 
gas yields higher th an  normal.

The properties of the m otor fuel made depended upon the raw  m aterial 
and Table VI gives representative figures.

T a b l e  V I.

R aw  m ateria l.
M otor sp irit 

C .F .R . O ctane 
No.

A via tion  sp irit 
C .F .R . O ctane 

No. (Clear).

A v ia tion  sp irit 
leaded  w ith  
T15 c .c ./litre  
(6-2 c.c/gal) 

C .F .R . CTctane 
No.

Brow n coal 64 70 88
Brow n coal-tar 62 68 86
B itum inous coal . 68 72 90
B itum inous coal-tar 69 .73 90
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Hydroforming and Similar Processes.
The knock rating of hydrogenation motor spirit produced in Germany 

for aviation use was improved by one of two processes, of which the object 
was to  dehydrogenate the  six-ring naphthenes present to  aromatic com­
pounds. The first process, which was operated a t Leuna and Moosbier- 
baum , was the  hydroforming process, similar to  th a t employed on a large 
scale in U.S.A.

The catalyst .employed was ammonium molybdate on alumina, and the 
feed m aterial was a naphtha with an initial boiling point of 90° C. The 
operating tem perature was 510° to  520° C and the  pressure 15 atm . The gas 
was recycled and the catalyst needed revivification with air every 6 to 
12 hours.

A more commonly employed process was the so-called D.H.D. process, in 
which the feed m aterial as before is a naphtha. The feed mixed with re­
cycle gas containing hydrogen is heated to  500° C and passes through three 
or four converters arranged in series with interm ediate heating coils.

The products after cooling by heat exchange to 300° C go through a final 
converter for separation of polymerizable components.

The operating pressure was about 75 to 80 atm . The catalyst was 8 to 
10 per cent molybdic acid on activated alumina. Catalyst revivification in 
the  un it was carried out approxim ately once per week.

The process gave a product approxim ately 80 octane number, which 
could be raised to  ra ther over 90 by the addition of lead. The process.in 
fact gave from petroleum and brown coal raw materials a motor fuel 
similar to th a t which could be obtained directly from coal.

F is c h e r  P r o c e s s .
General.

W hen CO and H 2 react together in the presence of a suitable catalyst 
a t 200 atm  pressure, they combine to  form methanol. The reaction is 
practically quantitative, and by-products are negligible. By modifying 
the catalyst, higher alcohols appear in the product, bu t in the lim it not 
more than  30 per cent of the product is in  this form. The form ation of these 
higher alcohols is accompanied by undesirable side reactions between the 
CO and H 2 to  give m ethane and water.

When the CO and H 2 react a t atmospheric pressure in .the  presence of 
catalysts of which the active ingredient is a carbonyl-forming metal, a 
m ixture of gaseous, liquid, and solid aliphatic hydrocarbons is formed. 
The reaction tem perature is in the region of 200° C and m ust be closely 
controlled.

The first commercial un it was started  in 1935, and by 1939 there were nine 
units built in Germany with a rated  ou tput of 740,000 tons of oil a year.

As a result of research work an interm ediate pressure process was devised 
operating in the region of 5 to  15 atm . The products were somewhat 
similar to  those of the  atmospheric process, bu t there was a tendency 
tow ards alcohol formation.

The plants in operation were worked with a cobalt catalyst. There 
was a good deal of development work on iron catalysts, bu t no large-scale 
operation.



During the war there was no increase in Fischer p lan t ou tput, although 
research work continued unabated. The m ajor p a r t played by the Fischer 
plants in the German wartim e economy was the production of raw m aterials 
for chemical m anufacture.

Synthesis Gas Production.
W hilst in the hydrogenation process, only a p a rt of the  to ta l coal -con­

sum ption has to  be gasified to  give the necessary hydrogen, in  th e  Fischer 
process the whole of the  raw m aterial m ust be turned into a m ixture of CO 
and H 2.

The Fischer p lants in Germany employed a conventional water-gas 
process using coke as the  raw m aterial. The ratio  of H 2 and CO, which are 
required in th e  proportion of 2 : 1, was adjusted  either by reaction with 
steam over a catalyst to  convert p a rt of the  CO to C 02 and H 2, or by in tro­
ducing coke-oven gas to  the  water-gas generator.

I t  is necessary th a t the synthesis gas be highly purified, and the pro­
cedure was first to  apply the conventional m ethod of removing HgS with 
iron oxide. The nex t step was to  remove the  organic sulphur by passing 
the gas through towers containing granules of a m ixture of iron oxide and 
soda. The purity  of the final gas varied from 0-05 to  0-2 gm of sulphur per 
100 m3.

Fischer Synthesis.
The catalyst employed was a  m ixture of cobalt, thorium  oxide, mag­

nesium, and kieselguhr, in the ratio  of 100 : 5 : 8 : 200.
Before putting  to  use, the catalyst is reduced w ith hydrogen a t  about 

400° C to  give a 60 per cent reduction of the  cobalt to  the  metallic state.
The design of p lan t to  carry out the synthesis reaction presents con­

siderable chemical engineering difficulties. There is a  very considerable 
catalyst volume, as the  ou tpu t of oil is only 0-008 tons per m 3 per hour, 
compared with 0-5 per m3 per hour for vapor-phase hydrogenation. The 
heat of reaction is very great, approxim ately 600 kilocalories/m3 synthesis 
g a s ; in fact, approxim ately one-quarter of th e  heat of combustion of the 
same gas. This great heat of reaction m ust be removed w ithout perm itting 
a  rise of tem perature through the catalyst of more th an  about 10° C.

I f  the tem perature is allowed to  become excessive, then  other reactions 
set in, such as the  form ation of m ethane and carbon.

This difficulty in removing the heat is accentuated by the fact th a t the 
process is operated a t atmospheric pressure. A t higher pressures, the  greater 
heat conductivity of the  gas makes the  problem easier, and it was doubtless 
largely for this reason th a t the  Germans developed the  medium-pressure 
process.

In  the plants designed for atmospheric pressure, the reaction vessels 
were rectangular steel chambers, 5 m etres by 2-5 m etres by  1-5 metre, 
containing horizontal tubes cooled by circulating w ater connected up to  a 
steam  drum. To increase the heat transfer surface, the tubes were ex­
panded into vertical steel plates, and the catalyst was packed in the spaces 
between them.

Control of the pressure in the steam drum  gives control of the 
tem perature of the reaction.

4 8 0  GORDON : DEVELOPMENT C“  .........
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In  the case of the medium-pressure process, working a t about 10 atm , 
a vertical cylindrical vessel was employed with tubes containing the 
catalyst expanded and welded between two tube plates. Generally, in 
place of the simple design of single tubes, concentric tubes were employed, 
w ith w ater a t each side of the catalyst space.

In  operating the atmospheric-pressure process, the gas passes through 
two sets of reaction vessels in series. Arrangements were made so th a t a 
suitable num ber of vessels could perm anently be off-stream for reactiva­
tion, or replacem ent of catalyst.

The newly charged vessels were placed first on-stream in the second 
stage, and then  transferred to the first stage.

The to ta l catalyst life varied from 4 to 8 months. New catalyst would 
be pu t into operation a t a tem perature of 180° to 185° C, and the tem pera­
tu re  gradually increased to  200° C.

The catalyst was from tim e to  tim e revivified in situ by washing with 
oil or by  treatm ent w ith hydrogen, or both, w ith the object of removing 
high molecular weight hydrocarbons on the catalyst.

Operation with the medium-pressure process was generally carried out 
in three stages a t a pressure of 10 atm . Similar arrangem ents were 
employed for trea tm en t of the catalyst.

T a b l e  V II.
Comparison of Atmospheric and Pressure Fischer Synthesis.

W orking pressure, atm ospheres . . . . 1 10
H 2/CO ra tio  of gas : Stage 1 . 2 : 1 1-5 : 1

„ 2 .............................................. 2 : 1 1-6 : 1
„ 3 .............................................. 2 : 1 1-8 : 1

Average gas ra te  m 3/h r/reac to r, all stages 660 680
R eaction  tem p era tu re , ° C 180-200 180-200
C ata lyst volum e, m 3 . . . . . . 10 10

U seful p roducts (C3 an d  over), gm /m 3 gas 150 155,
„  ,, ,, ,, k g m /h r/reac to r . 81 87

k g /h r/m 3 c a ta ly s t 6-75 8-7
,, ,, ,, ,, to n s/y ea r/reac to r 650 700

Shape of vessel . . . . . . . reactangular cylindrical
Dim ensions, m etres . . . . 5 X 2-5 X 1-5 6-9 x  2-7 dia.
N um ber of tu b es , 600 2,100
Surface of tubes, m 2 . . . . . 400 2,100
T ota l cooling surface, m 2 . . . . . 4,000 2,100
H e a t p er m 3 gas converted , k .cals . . . . 600 600
H e a t pe r reac to r per hour, to nne  cals 400 410
H e a t transfer, k .ca ls /m 2/hour 100 195

Products (% by  weight o f to ta l) :
C3 an d  C4 . 14 (45) 10 (40)
L igh t oil, 25-165° C . 47 (37) 25 (24)
M iddle oil, 165-230° C ............................................. 17 (18)
H eav y  oil, 230-320° C . . . . . 11 ( 8) 38 (9)
Soft w ax, 320-460° C . - . 8 15
H ard  w ax . . . . . . . 3 14

(Figures in  paren theses ind icate  olefin con ten t of fraction.)

M otor Fuel. O ctane No. (165° C E .P .) . 53 45
M iddle Oil. Solid p o in t . . . . . - 4 0 °  C —30° C

C etane No. . *}  78 55-48



In  the normal-pressure process the gas leaving the converters was 
cooled directly with water, and .then passed through active charcoal 
absorption p lan t for absorption of light hydrocarbons, which were re ­
covered by steaming. In  the medium-pressure process about one-third 
of the reaction product leaves the Converters as liquids, and is collected in 
separators. The residual gas is cooled in tubu lar type condensers and is 
finally trea ted  in active charcoal purifiers.

Table V II gives com parative average d a ta  for the  two types of process. 
The m otor fuel fraction, owing to  its low octane num ber, could only be 
used as m otor fuel by blending w ith benzol and lead. The middle oil was a 
valuable diesel oil blending agent, as is shown by its properties in 
Table V II.

The higher boiling liquid fraction, between 170° and 320° C, was originally 
also used as diesel fuel, bu t during the war it  was used entirely for con­
version into a  synthetic detergent “ Mersol ” a t the Leuna works.

The next fraction, the  soft wax, was, in general, converted to  fa tty  
acids by oxidation, bu t it  was used to  some ex ten t for the  purposes to 
which paraffin wax is pu t. There were also recovered from  the condensed 
products small am ounts of fa tty  acids and alcohols, which were formed in 
the  synthesis, particularly  in th e  medium-pressure process.

C o n c l u s io n .

The large development of synthetic oil processes in Germany was under­
taken  as p a rt of their war programme. N othing was found by any of the 
investigating team s which revealed any developments from  w hat was 
known before the war th a t affect appreciably the economic picture of 
synthetic oil processes.

The hydrogenation process was the best developed from the engineering 
point of view, and it is difficult to  see how any substantial improvement 
coulckbe made other th an  some radical discovery of new conditions for the 
hydrogenation of refractory m aterials such as coal.

The Fischer process on the other hand offers more scope for improvement. 
F irst of all when coal is the raw  m aterial, the  m anufacture of the synthesis 
gas by the  present methods is both expensive and of no t very high therm al 
efficiency. An improvem ent in gasification processes would be a big step 
forward. As synthesis gas accounts for something like 70 per cent of the 
to ta l cost of the Fischer product, this would have a  very substantial effect 
on the m anufacturing cost.

The synthesis process itself is also obviously capable of g reat improve­
m ent. The Germans were working on alternatives to  the  tubu lar type of 
reactor, b u t had not advanced to  the  stage where anything was in large- 
scale operation. A big improvem ent to  the  process could be made a t this 
stage, and it  is possible th a t a satisfactory solution could be found by the 
use of the fluid catalyst technique developed for cracking porcesses.

In  places where natu ra l gas is available the economical processes already 
developed for the m anufacture of synthesis gas would effect a  very sub­
stan tia l reduction from the cost of the Fischer product in Germany.
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D is c u s s io n

T h e  C h a ir m a n  : This paper is a very useful summary of what has 
been done in Germany on the hydrogenation and Fischer-Tropsch pro­
cesses, and there is a comparison between the technique as known here 
and in Germany.

I  would like to  say how glad I  am th a t Major Gordon has referred in 
his opening rem arks to  the fact th a t the team s in Germany were joint 
team s of British and American investigators. Even if there is no t a great 
deal th a t is startlingly new in the information obtained in Germany, it 
is certainly valuable inform ation; equally valuable, if not more valuable, 
are the  close friendships we formed with our American colleagues, which 
friendships will last for m any years. Any of us who go to  America now 
feel th a t we are really going amongst friends. One excellent way of 
getting to  know your colleagues is to  live with them  in the conditions 
we m et in the  R uhr before the war was over; you really get to know 
your friends much b etter in  th a t way than  by meeting them  a t some 
luxury hotel for dinner, although I  appreciate the value of such meetings. 
Conditions were not over-pleasant in Germ any; bu t we got on very well 
together, sharing our K  rations, C rations, and so on.

D r  C. M. Ca w l e y  : I t  gives me a great deal of pleasure to  add a few 
words in appreciation of Major Gordon’s excellent paper and the most 
interesting m anner in which he has delivered it. By investigating the * 
production of synthetic oil in Germany, particularly by the hydrogenation 
process, Major Gordon and his organization have rendered a very valuable 
scientific service to  the technical world; and now he has added to  th a t 
service by giving the results of the investigations in this concise and 
useful paper.

We hear a  lot nowadays about the use of the Fischer-Tropsch process 
for the production of chemicals and, as Major Gordon has said, some 
30 per cent of the German production was being devoted to  th a t purpose. 
We do not hear much about the hydrogenation process being used for th a t 
purpose, however, although it can be applied to  the production of chemicals 
if we wish to  do so; they  would, of course, be chemicals of a different 
kind. Tar and benzole are the  sources of aromatic raw  materials for 
chemical industry  ; bu t anything we can get from ta r  can be obtained in 
greater yield from coal by  hydrogenation. I t  has, for example, been 
sta ted  th a t it is possible to  produce ten  to  tw enty times as much phenol 
from coal by hydrogenation as by carbonization. On the  face of it, it 
would seem th a t the economics of the hydrogenation process might be 
improved if i t  were operated to  give the maximum yield of chemicals, 
although the great bulk of the products would, of course, still be liquid 
fuels. The question I would hke to ask Major Gordon is : Are the economics 
of the hydrogenation process much altered if the process is run to  obtain 
the maximum credit for chemicals ?

Another question concerns the Welheim catalyst. I f  I  have followed 
Major Gordon correctly, the usual I.G. process for producing petrol during 
the  war was by a three-stage vapour-phase process. The middle oil was 
trea ted  over the 5058 catalyst, then the 6434 catalyst, and, finally, by the 

L L



4 8 4 G O R D O N  D E V E L O P M E N T  u j)  U K O G E N A T IO N  A N D

D.H.D. process. A t Welheim, however, a  catalyst was developed to  
achieve the same result in one treatm ent. I t  would appear th a t the 
catalyst m ust be very resistan t to  poisoning, since presum ably it  had a 
long life. I t  m ight have m any interesting applications, and it  would be 
interesting if Major Gordon would give his assessm ent of the catalyst 
and the process developed a t  Welheim.

Thirdly, I  would like to  refer to  future developments. In  America in 
particular there are two m ajor developm ents in connexion w ith the 
Fischer-Tropsch process. One concerns the  use of natural gas as a source 
of synthesis g a s ; the second is the developm ent in the operation of the 
Fischer-Tropsch process itself by the use of the fluid catalyst technique. 
Is there any possibility of any parallel far-reaching developm ent taking 
place in hydrogenation ? I  ask this because the prevailing view in America 
seems to  be th a t the relative positions of the two processes have been 
ra ther reversed. A few years ago I  th ink  it would have been generally 
acknowledged th a t hydrogenation was the best process by which to  make 
m otor fuel, and th a t the Fischer-Tropsch process was hardly in the  picture 
th e re ; to-day it  would alm ost seem th a t, because of new developments, 
the  position has completely changed. I f  I  am right about the  American 
modification of the Fischer-Tropsch process, it  is now capable of producing 
about 80 per cent of 80-octane petrol. I t  would appear, therefore, th a t if 
you w ant to  make m otor spirit to-day, the  Fischer-Tropseh synthesis 
m ight be preferable to  hydrogenation. T hat would apply particularly 

• to  the use of natu ra l gas, b u t not only to  natu ra l gas. I th ink  the Americans 
also propose to  make synthesis gas by the  gasification of low-grade coal, 
and have quoted figures of the order of 9 cents per gallon for 80-octane 
petrol produced by the Fischer-Tropsch process from this raw  material. 
I t  would be interesting to  have Major Gordon’s views on th is development.

M a j o r  G o r d o n  : In  the case of the hydrogenation process the Germans 
do not appear to  have done anything a t all about making use of any 
chemicals arising from the process; they  did no t even go to  the  trouble 
to  ex tract the  phenol from the middle oil, a fact which always impressed 
me as being very rem arkable. The recovery of the phenol and other ta r  
acids from the crude product, which are obtained in quite large propor­
tions—phenol about 1 per cent on the coal and cresol about 3 per cent— 
is a valuable economic advantage to  the  process and one which we our­
selves have not overlooked. U nfortunately, it is no t possible to  make the 
process pay on the strength of 1 per cent of a  valuable p ro d u c t; if it  were, 
we should s ta rt it again prom ptly a t Billingham.

There are possibilities th a t products from the hydrogenation process 
will be valuable in chemical industry, and I am giving a certain am ount 
of consideration to  th a t m atter a t the present tim e. B ut I th ink  th a t 
one will be able to  use only p a rt of the products in th a t way, and will 
still have to  dispose of the major portion as fuel. T hat excludes from 
consideration a very, large num ber of specialized hydrogenation reactions 
used in the chemical industry for specialized processes. However, th a t 
is no t w hat Dr. Cawley had in mind.

The main point about the catalyst used a t  Welheim is th a t i t  worked 
a t  700 atmospheres, and th a t high partia l pressure of hydrogen enabled
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the  catalyst to  stand up to  much more severe conditions than  a t 300 
atm ospheres. T hat is the secret of the success of the  catalyst. I  do not 
suggest whether or not i t  is a paying proposition, because a 700 atm o­
spheres p lan t is much more expensive th an  one a t  300 ; 200 atmospheres 
is really enough. However, it  was a very interesting development, and 
the W elheim management, who developed it  further than  did the I.G., 
were proud of themselves for having pu t i t  over.

The Fischer-Tropsch process is susceptible to  considerable improve­
m ent, bo th  from the points of view of the réaction itself and making 
synthesis gaS. The Americans have made various statem ents about the 
cost of the gasoline, and I  hope they will pardon me in  saying they do 
not err on the side of pessimism when talking about it.. The application 
of the  fluid catalyst technique to  th e  Fischer-Tropsch process will un ­
doubtedly cheapen the synthesis step.

I  have always felt in the past th a t one of the things to go after was 
th e  cheaper hydrogen in thé  hydrogenation process. T hat is why we 
paid so much a tten tion  to  the m ethane-steam  process. B ut I  cannot see 
th a t a  lot can be done in th a t way. W hat is really needed is some 
entirely new catalytic treatm ent for the  coal itself. W hat it  is, however, 
we do not know. I  cannot th ink  of anything corresponding to  the fluid 
catalyst which is applicable to  hydrogenation.

D r  R . H. N a g e l  : H ave the Germans developed, in connexion with 
the Fischer-Tropsch process, any special method of separating the oxygen­
a ted  products from the hydrocarbons or the aqueous phase ?

M a j o r  G o r d o n  : So far as I  know, they  relied on the simple fact th a t 
oil and w ater do no t mix ; the alcohol, being the aqueous phase, separates 
out.

D r  N a g e l  : B oth the water phase and the hydrocarbon phase contain 
various quantities of oxygenated products. Did the Germans find ways 
of extracting these bodies frqm either phase ?

M a j o r  G o r d o n : I  have, no details. Perhaps the Chairman could 
answer the question.

T h e  Ch a ir m a n  : I  am afraid I  cannot answer the question. A t one 
stage there was a process of distillation on the alcohol side. The Germans 
p u t up a p lan t a t  the Ruhrchemie factory a t Holten, for making and 
working up alcohols and making aldehydes; bu t just as the p lan t was 
ready for operation the Royal Air Force went over and smashed it, so 
th a t i t  was never operated. Thus it  is not possible to  give any detailed 
experience on th a t side. T hat was the position when we saw i t ;  bu t a 
good deal of work had  been done in  the  laboratory, and from the detailed 
records we should be able to  answer, a t  least partially, the question Dr 
Nagel has asked.

I  should like to  comment a little  on the paper. In  connexion with the 
Fischer-Tropsch process Major Gordon has quite rightly referred to  the 
question of cost and has pointed out th a t 70 per cent of the cost is in the
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production of the synthesis gas. Although there m ay be considerable 
im provem ents on the catalyst side, any im provem ents th a t could be 
made, even if they halved the price, would not make a substantial difference 
to  the cost of the Fischer-Tropsch process, starting  w ith coal as the raw  
m aterial, and with coal a t the sorts of price we have here, or even pre-war 
price.

Indeed, the position in  G reat B ritain  is th a t, w ith the  Fischer-Tropsch 
process a t the stage to  which it  was developed and used in Germany when 
we were there, the  cost of the  prim ary product from the process-—with 
coal a t  £2 5s., i.e., coke a t  £3—would be in the region of 2s. or 2s. 6d. 
per gallon ; th a t product is no t entirely ready for use, bu t has still to  be 
worked up. I f  some cheaper m ethod of making synthesis gas could be 
developed, the cost m ight be reduced considerably. There is definitely 
room for improvem ent on the catalytic side in the synthesis process.. The 
chemical engineering side of the  Fischer-Tropsch process was very poor 
because the ra te  of heat exchange was so low th a t large p lants were required, 
and there was relatively low ou tpu t in relation to  the  size of the plant 
used. In  regard to  gasification, the best way would be to  use oxygen, if 
it  were cheap enough. B ut I  have yet to  see figures indicating "that 
oxygen is available a t  a  sufficiently low price to  m ake any substantial 
difference and to  counteract the fact th a t w ater gas m anufacture has a 
therm al efficiency somewhere in the region of only 60 per cen t; further, 
inasmuch as the  process is in term itten t, the  wear and tea r on the lining 
of the generator and other parts of the  equipm ent is heavy.

Again, the cost of the product from the hydrogenation of coal, w ith coal 
a t  our price, is high, being approxim ately the same as th a t of the product 
of the  Fischer-Tropsch process. We hear of developm ents in America 
based largely on the use of natu ra l gas, and there are claims for the great 
cheapening of the Fischer-Tropsch process by using the  fluidized catalyst 
or moving bed. On th a t side I  am  certain great im provem ents could be 
effected; bu t tim e will tell whether the estim ates of cost which have 
been p u t forward will be achieved.

There are some places in our Em pire and throughout the world where 
coal can be obtained a t  prices in the region of 4s. per ton , instead of the 
£2 5s. per ton  we pay here. There m ay be scope in circumstances of th a t 
kind, particularly if, for various reasons, the  local price of m otor spirit 
or petroleum is high. In  m any of those places, however, the  coal avail­
able is not bitum inous, i t  does no t produce coke easily. We w ant more 
experience on gasifying those coals by some system which does no t involve 
passage through a robust coke in order to  produce w ater gas. Here, 
again, there is room for a considerable am ount of work, possibly on gasify­
ing those coals by a system very similar to  the  use of the fluid catalyst, 
i.e., the  particles of coal moving all the tim e while air and steam , or oxygen 
and steam  (if oxygen is available cheaply), are passed through.

T hat is the position as I see it. B ut obviously the g reatest scope a t 
the m om ent lies in utilizing natural gas for making the  synthesis gas, 
and then  going on with the improved catalytic process for the conversion 
of the synthesis gas into the product.

The chemical side, which has also been mentioned, seemed to  develop 
in the Fischer-Tropsch process later, because it could not compete with



the  hydrogenation process in making high-octane spirit. They made 
soaps to  some extent, and margarine. The soaps were unsatisfactory; 
they left an abominable odour on the hands after washing. Possibly 
th a t difficulty could be overcom e; bu t in normal times I  cannot imagine 
th a t side of it competing w ith the normal oils and fats for soap making. 
On the margarine side, I  th ink I  would rather have margarine from natural 
vegetable oils and fats. However, perhaps I  am prejudiced and think 
th a t nature, a t  least so far as food is concerned, is usually better than  the 
chemist—not always, bu t usually so.

We certainly look forward to  the  results of the experiments in America, 
and particularly the results from the large-scale p lan t which has been 
planned and which I  understand is now being erected.

M a j o r  W. H. Ca d m a n  : I  should like to  ask whether shale oil has 
been treated  in any of the hydrogenation plants. We know the Germans 
made a great effort to  obtain all the shale oil they  possibly could, first 
from the rich oil-shale deposits in Estonia and then  from the less rich 
deposits in  Germany. Did they try  to  hydrogenate shale oil and, if so, 
for w hat purpose 1 >

I  th ink the m ost remarkable piece of information we have had this 
afternoon is th a t the Germans made practically no war-time progress in 
the development of this process; they introduced practically nothing 
new. Indeed, the position a t  the end of the war seems to  have been 
exactly as it was when I  visited the Fischer-Tropsch plants in the Ruhr 
and the hydrogenation p lant a t Leuna before the war. T hat discovery 
m ust have come as a great surprise, and to  some extent a disappointment 
to  all members of the investigating teams.

M a j o r  G o r d o n  : The answer to  Major Cadman’s question is th a t I 
cannot recollect any mention of any shale oil being hydrogenated in any 
of these p la n ts ; indeed, I  do not recollect any mention of shale oil a t all 
in the report.

M r .  V .  B i s k e  : I n  c o n n e x io n  w it h  c o s ts , c la im s  a re  m a d e  fro m  t im e  to  
t im e  fo r  th e  g a s if ic a t io n  o f  c o a l in situ. I s  th e re  a  ho p e  t h a t  th e re  is  
a n y th in g  in  th e se  c la im s  ?

M a j o r  G o r d o n  : I  am afraid I  am not an expert on the underground 
gasification of coal. I t  is a m atter which is being given a good deal of 
a tten tion  by various people a t  the moment. Such gas could be used for 
the  Fischer-Tropsch process, w ithout doubt. I t  would mean th a t you 
would have to  pum p down oxygen, and not air, in order to  produce a gas 
th a t was reasonably free from nitrogen; if you pu t down air and steam 
you would get a sort of low-grade producer gas which would not be of 
very much use, whereas if you pu t down oxygen I  see no reason why 
you should not produce a gas suitable for treatm ent by the Fischer- 
Tropsch process o r,.fo r th a t m atter, for making hydrogen for the other 
process.

D r  K. G. M a r g o s c h e s  : I  would like to refer to  the application of
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variations of the  Fischer-Tropsch process to  natu ra l gas for the  purpose 
of obtaining liquid fuels.

Major Gordon has m entioned th a t in the  U nited S tates processes using 
this technique are used also for making chemicals. In  a  p lan t using such 
a process, which is actually now in erection in the U nited S tates and 
which has also been m entioned during the previous p a rt of this discussion, 
it has been planned to  produce from 10 to  20 per cent of oxygenated 
compounds in relation to  the  hydrocarbons.

As to  the production of liquid fuels from this source, however, A. C. 
Fieldner and W. C. Schroeder, of the Bureau of Mines (Engineering Experi­
ment Station News, Ohio S tate  U niversity, April 1944) say th a t :

“ In  spite of a ttrac tive  possibilities for the use of natural gas in 
th is way, it is no t desirable to  encourage th is developm ent from the 
long-range national conservation view point.”

These authors give several reasons, on which they  base th is statem ent, 
such as no t being able to  supply the dem and for liquid fuels for many 
years from this source, then  because of its being a valuable chemical raw 
material, then  because of its  being used for specialized heating problems, 
where atm ospheres m ust be carefully controlled, and in addition to  this, 
because it  cannot be im ported in tanJkers or by railway to  fill the  needs.

The authors come to  the conclusion :

“ From  th a t standpoint, it is even Jess desirable to  exhaust our 
natural-gas reserves th an  our crude petroleum . This la tte r m aterial a t 
least can be im ported if there is a source of supply abroad.”

I  should like to  ask :
(a) W hether—in the opinion of M ajor Gordon—the application of the 

variations of the Fischer-Tropsch process in the case of natural gas as 
raw m aterial is likely to  shift tow ards its use mainly as a raw m aterial 
for chemical compounds and tow ards reducing more and more its  con­
sum ption for liquid fuel production ? I ts  use as a gaseous fuel will probably 
continue.

(b) W hether as a result of this—in the opinion of Major Gordon—one 
will for the purpose of obtaining liquid hydrocarbon fuels mainly con­
centrate on the conversion o f ’coal, oil shales, lignites, and other raw 
m aterials, which are in adequate supply, even a t a tim e, when natu ra l gas 
as raw  m aterial will still be available in large quantities ? This question 
is being asked on the assum ption th a t the cost of production from these 
other raw m aterials, be i t  with or w ithout interm ediate production of 
synthesis gas, is being made commercially economical, which assum ption 
according to  the recent technical press is, if not already, then certainly 
not far from being translated  into a reality.

(c) How are the known crude oil resources likely to  influence th is trend  ?

M a j o r  G o r d o n  : First, I  do no t see th a t it m atters very much whether 
in the U nited States they use up their na tu ra l gas resources or whether 
they use up their coal or their oil. The natu ra l tendency would be to 
use the petroleum for so long as it was available, and then  to  use the  next 
cheapest source of a substitu te fue l ; the nex t cheapest source is natu ra l
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gas, and th a t is why I  th ink they are coming to  use it. In  the back­
ground, of course, there are still the coal resources, which are very much 
larger th an  any- possible resources of oil. Nobody knows how long the 
oil deposits of the world will last ; throughout the last tw enty years we 
have been told th a t they would last for only fifteen years. We do know, 
on the other hand, th a t there is enough coal in the world to  last for about 
2000 years a t the present ra te  of consumption. So th a t coal will come 
into its  own eventually, and from the point of view of the Americans 
I  do not th ink it  m atters which they use first. The obvious thing to 
do is to  use the cheapest one.

As for crude oil refining, I  th ink I indicated th a t I  see the possibility 
of the production of crude oil or of the  value of products from the field 
being enhanced in two possible ways. The natural gas which always 
accompanies the oil can be used for the Fischer-Tropsch process, or you 
can use it to  make hydrogen to  hydrogenate the heavy residues and 
produce distillate oils, of which there may be a shortage in a relatively 
short space of time.

Mr' H. C. T e t t  : I  do no t intend to contribute to  the technical part 
of the discussion, bu t I would like to  add my congratulations to  Major 
Gordon on the way he has presented his paper. I  would like to  com­
m ent on the fact th a t, with two or three exceptions, those who have 

' spoken a t this meeting have been colleagues of Major Gordon in the work 
of collecting in Germany the information he has given. So th a t we have 
had a collection of old soldiers talking to  us !

In  th a t connexion I  would comment on the Chairman’s rem arks con­
cerning the discomforts which necessarily they had to  face in Germany, 
and agree with him  on the effect of those discomforts on the making of 
friendships. Some of us, I th ink all of us, quite enjoyed those trips ; 
they were real fun, although uncomfortable, and most of those who took 
part felt th a t the experience was infinitely preferable to  staying a t home 
and being bombed. B ut although there was some fun in travelling about 
Germany and interrogating Germans, when we came to  deal with the 
mass of inform ation obtained it was not so funny. In  the field for which 
I was responsible we brought back from one “ target ” 700 secret and 
confidential reports, each quite voluminous. We selected them with some 
care when we were on the “ ta rg e t.” W hen we reached home three 
months afterwards those documents had to be sifted again and again, 
the im portant ones collected and translated by quite a large staff of 
translators, and, finally, the  information was collated and w ritten in the 
form of a report.

I  w ant to  emphasize th a t, because Major Gordon’s very lucid summary 
of the highlights is wonderful, particularly when we realize th a t a  terrific 
mass of information, much of it irrelevant, had to  be dealt with in order 
to  give us th a t summary.

There has been some mention of future developments of the Fischer- 
Tropsch and particularly the synthesis process. I  feel quite confident 
th a t Mr Russell will touch on the American developments and possibly 
give us some more optimistic estim ates when he defivers his Cadman 
Memorial Lecture on June 4.



I t  seems to  me, from all th a t has been said concerning the economics 
of the hydrocarbon synthesis process, th a t so far as the  U nited Kingdom 
is concerned the direction in which there is m ost room for im provem ent 
is in the price of c o a l!

Finally, I  would like to express thanks on behalf of all of us to  Major 
Gordon for the excellent ta lk  he has given us, and also to  thank  Dr Parker 
for having presided so ably.

(The vote of thanks was accorded with enthusiasm.)

T h e  Ch a ir m a n  : I t  has been a source of great pleasure to  me to  occupy 
the Chair and to  listen to  this m ost interesting paper and discussion. 
I  thank  you very much, and I would express m y thanks also to  Major 
Gordon for his excellent paper.

M a j o r  G o r d o n  : I  thank  you very much for having listened so
patiently , and would like to  congratulate the In stitu te  on having collected 
so large and so distinguished an  audience.
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IMPROVED METHOD FOR THE INTERPRETATION 
OF EXPERIMENTAL DATA OBTAINED IN
MOLECULAR WEIGHT DETERMINATIONS OF 
PETROLEUM FRACTIONS.

B y  J .  G . R e y n o l d s , P .R .I .C .

S u m m a r y .

This com m unication describes a  m ethod of in te rp reting  d a ta , obtained 
w ith th e  M enzies-W right ebullioseopic ap para tus, or by  th e  cryoscopic 
technique, which elim inates th e  effects of errors in  the  zero reading of the  
Menzies differential therm om eter or in  th e  value found for the  freezing po in t 
of th e  pure  solvent. A pparen t changes in  boiling p o in t or freezing p o in t are 
p lo tted  against concen tra tion  of solute, resulting  in linear relationships in 
all cases so fa r exam ined. This indicates th a t  there is no substan tia l 
departu re  from  ideality  of solution w ith in  th e  limits  of concentration  covered 
by  th e  experim ental d a ta . The m olecular w eight of th e  solute is calculated 
from  th e  g rad ien t of th e  line so obtained, w hether or n o t th e  la tte r  passes 
th rough  th e  origin.

The m ethod  is illu stra ted  by  resu lts obtained w ith  a  num ber of pure com ­
pounds, e.g., d iphenyl, fluorene, and  dicyclohexylbenzene, from  which the  
ebullioseopic and  cryoscopic constan ts for cyr.lohoxa.ne are calculated.

D a ta  obtained from  th e  ebullioseopic an d  cryoscopic experim ents on two 
oils are in te rp reted  by th e  recom m ended m ethod  and  also th a t  involving 
ex trapo la tion  to  zero concentration.

I n t r o d u c t io n .

T h e  determ ination of molecular weights of substances dissolved in organic 
solvents, by the ebullioseopic m ethod using the Menzies-Wright apparatus 
and by the Beckmann cryoscopic procedure has been discussed in previous 
publications.1' 2>3

A high precision in both methods is necessary for the  purpose of the 
“ type analysis ” of petroleum fractions. Two analogous observations, 
namely, the zero reading of the M enzies-W right differential therm om eter 
and the apparent freezing point of the solvent, have been found to  be 
sources of uncertainty in the final results obtained by the two methods. 
Error in such observations has the effect of causing extrapolation to infinite 
dilution of the plot of molecular weight against concentration to  lead away 
from the correct value of the former instead of towards it. The error also 
leads to  curvature in a graph which would otherwise have been rectilinear, 
thus increasing the uncertainty of extrapolation.

I t  is not only the variation about the mean of such “ zero ” readings th a t 
is of importance. A reading which is in  all determ inations consistently too 
high or too low in relation to  corresponding readings after the addition of 
solute will lead to  curved plots and erroneous extrapolations in exactly 
the same way as if the error were a random one. Our observations point to  
the possibility of such a systematic error in ebullioseopic measurements.

A MenzieS-Wright boiling tube was constructed of slightly larger dimen­
sions th an  usual, in order to  allow more scope for vertical movement of the



differential therm om eter w ithout either raising the upper bulb into the 
neck of the inner cylinder or causing the lower bulb to  become partially  
immersed. W ith  steadily boiling cycfohexane in the  apparatus the therm o­
m eter, w ith the Cottrell pum p attached, was observed in a series of positions 
w ithin the  limits ju st indicated. I t  was found th a t for the  lowest positions 
the zero readings varied in a random  m anner between about 1 cm and 1-4 cm 
of water, w ith no evident connexion between the  result obtained and the 
position of the therm om eter. W ith gradual raising of the la tter, a point 
was reached a t which the  reading rapidly fell to  0-85 or 0-86 cm, remaining 
approxim ately constant thereafter over a considerable further upward 
change of position of the  therm om eter. I t  was noticed th a t the  point a t 
which the sudden dim inution in the  reading took place was also the point 
a t  which the Cottrell pum p ceased to  work owing to  its excessive height 
above the liquid. A zero reading of the order of 0-85 cm had previously 
been observed, using th e  same therm om eter in another M enzies-W right 
apparatus, with the Cottrell pum p working'efficiently, a n d  such a  value 
apparently  corresponded to  equality of tem perature of the upper and 
lower bulbs. There was thus clear evidence th a t the  liquid delivered by 
the pum p was a t  a tem perature higher than  th a t of the condensing vapour, 
in spite of the steadiness of boiling and the use of boiling-stones. The 
frequent occurrence of superheating of the  pure solvent, w ith cessation or 
considerable dim unition of this effect on addition of the  oil sample, would 
account for the preponderance, among the plots of molecular weight 
against concentration, of curves having a negative slope and an upward 
concavity.

I t  was clearly of prime im portance to  devise a  m ethod of avoiding the 
effects of the errors in question. The following considerations have been 
developed from the point of view of ebullioscopic determ inations, bu t they 
cover the analogous problem which arises in cryoscopic work.

E x p e r im e n t a l .

(1) Variation in Zero Reading with the Differential Thermometer Held in 
Different Positions.

Zero readings were measured for four different positions of the differential 
therm om eter in the M enzies-W right apparatus employing cycfohexane as 
solvent. The positions chosen differed from each other with respect to  the 
distance (d) from the top of the upper bulb of the therm om eter to  the  top of 
the inner cylinder of the  ebullioscopic apparatus.

The results are listed in Table I.

T a b l e  I .
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Zero Readings fo r  the Differential Thermometer Held in  Different Positions.

Position 1 2 3 4

D istance (d) in cm . 0-64 1-44 2-02 2-67

Zero  reading in cm  . 1-470 1-647 1-500 1-848
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(2) Variation in Zero reading with the Differential Thermometer Held in 
One Position.

The zero reading for this determ ination was measured for position 2 
(Table I), which was chosen as giving adequate exposure of the upper bulb 
to  condensing solvent vapour whilst keeping the lower bulb sufficiently 
above the boiling solution; After the first reading the apparatus was 
cooled, causing the  water in the therm om eter to  collect in the lower bulb. 
The therm om eter wm  then removed, shaken to  shift the  water from the 
lower bulb into the capillary, replaced as nearly as possible in the original 
position, and the zero reading re-determined. This process was repeated 
twice more, giving the results shown in Table II.

T a b le  I I .

Variation o f Zero Reading fo r  the Differential Thermometer Held in  One Position.

Position num ber 2 2 — 2 2

D eterm ination  num ber 1 2 3 4

Zero reading in  cm . . 1-514 1-318 1-358 1-336

(3) Variation in the Zero Reading : Apparent Freezing Point of cyclo- 
Hexane.

Four freezing point determ inations were performed on one sample of 
cyciohexane using the same Beckmann therm om eter for each series of 
observations. The results obtained, measured in degrees on the Beckmann 
therm om eter scale, were 5-546, 5-521, 5-520, 5-529.

(4) Purification of Solvent and Solute.
cycloHexane. After oleum treatm ent and distillation, the solvent was 

further purified by fractional crystallization.
The crystallized cyciohexane, about 40 per cent of the original volume, 

melted between 5 and 6° C and had the following physical properties :—
0-77847 (literatu re  value 5 0-78310)
1-42670 (' „ 1-42636)
0-32960 ( „ 0-32743)
5 to  6° C ( „ 6-4° C)

Density
R efractive index wf? .
Specific refraction
Melting po in t . .

Benzil. Recrystallized from industrial ethanol, then from cyciohexane. 
M.p. 94-7 to  95-5° C (literature value 7 95° C).

Dicyclohexylbenzene. Synthesized from cyclohexene and benzene using 
aluminium chloride as catalyst, purified by distillation in vacuo, and 
crystallized twice from acetone. M.p. 103° C (literature value 6 102 to 
103° C).

Tricyclohexylbenzene. Synthesized from cyclohexene and benzene using 
aluminium chloride as catalyst and purified by two crystallizations of the 
acetone-soluble fraction of the crude product. This was followed by 
removal o f acetone from the crystals in vacuo. M.p. 68-5° to  69° C 
(literature value 6 68-5 to  69 C).

Fluorene. British Drug Houses Lab. reagent grade, crystallized three



494 REYNOLDS : METHOD FOR INTERPRETA TION OF EX PERIM EN TA L DATA
% * »

times from ethanol with activated  charcoal. M.p. 113° C (literature 
v a lu es8 113, 114, 115° C).

Diphenyl. British Drug Houses Lab. reagent grade, crystallized once 
from ethanol w ith activated  charcoal. M.p. 69 to  69-5° C (literature 
value 7 71° C).

Phenanthrene. British Drug Houses Lab. reagent grade, crystallized 
from ethanol three times. M.p. 100° C (literature value 7 101° C).
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Decalin. British Drug Houses m icro-analytical reagent percolated 
through silica gel. Physical constants of the unadsorbed fraction :—

D ensity  d \0 . . . .  0-87145 (lite ra tu re  value 6 0-8865)
R efractive  index n |°  . . . 1-46938 ( „ 1-47950)
Specific refraction  . . . 0-31980 ( 0-32017)



R e s u l t s  a n d  D i s c u s s i o n .

1. Previous Interpretation of Data.
In  the laboratory, molecular weights were formerly calculated from 

experim ental measurements of AT and concentration, by means of the 
equation
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The constant K  was obtained using different concentrations of a pure 
solute in cycZohexane. Molecular weight was then plotted against con­
centration and the  “ best straight line ” drawn through the plotted points 
and extrapolated to  zero concentration. The value of M  a t zero concen­
tration  was taken  as the molecular weight of the sample.

Fig. 1 exemplifies this m ethod of interpretation. Plots for most samples 
were inclined as in fine A (Fig. 1), bu t a few were inclined as in fine B and 
others were almost horizontal. The apparent fall or rise of molecular 
weight in such cases has commonly been attribu ted  to  : (i) formation of 
solute-solvent complexes (case A ); or (ii) association of solute molecules, 
with increasing concentration (case B). These explanations cannot, 
however, be applied to  the two series of results plotted in Fig. 1, because, in 
fact, both were obtained from the same series of ebullioscopic observations 
on benzil in cycZohexane solution, the sole difference being th a t in one 
calculation (case A) the highest zero reading from Table I I  was used and in 
the other (case B) the lowest. The apparent elevations of boiling point and 
the corresponding apparent molecular weights a t different concentrations 
are listed in Table I I I  (“ observed ” data). I t  is evident th a t the con­
ventional physicochemical explanations of apparent deviations from ideal 
ebullioscopic or cryscopic behaviour are liable to  be grossly misapplied.

T a b l e  I I I .

Molecular Weights fo r Benzil Calculated from  one Series o f Ebullioscopic 
M easurements Using the Highest and Lowest Observed Zero Readings.

A using zero reading 1-514 cm B using zero reading 1-318 cm

Concen­
tration AT °C M(calc, from AT) A'l °C M  (calc, from AT)
g/100 g

Observed Smoothed Observed Smoothed Observed Smoothed Observed Smoothed

0056 -0-0006 ____ ____ ____ 0-0086 0-006 179 —

0164 0-016 +  00164 282 275 0-0256 0-024 176 187-5
0-277 0-031 0-0311 246 245 0-040 0-0395 190 192-5
0-383 0-045 00452 234 233 0054 0-054 195 195
0-491 0-062 00594 218 227 0-071 0 0685 190 197
0-638 0 086 0-0788 204 222-5 0 095 00881 185 199
0-766 0-106 0-0956 199 220 0115 01053 183 200
0-892 0-1125 01125 218 218 0-122 0-1218 201 201
1-058 . 0-1317 0-1348 221 215-5 0141 0-1440 206 201-5
1-133 1 0-1453 0-1450 214 215 0154 0-1545 202 201-8
1-252 0-1603 01610 215 214 0-169 0-1705 204 202
1-353 01757 01745 212 213-5 0-185 0-1840 201 202
1-463 0189 01885 213 213 0-198 0-1990 203 202
1-613

Average
0-888

0 2144 
Average 

0-110

0-2075 207
Average

222

212-5 0-223
Average
0-126

0-2170 199
Average

194

202
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2. Interpretation of the Plot of AT Against Concentration.
In  Fig. 2 the  same two series of apparent elevations of boiling point 

(“ observed ” d a ta  of Table II I )  are p lotted  against the  corresponding 
concentrations of benzil in  q/cZohexane. (A) is the  “ best ” stra igh t line 
through the points obtained using a zero reading of 1-514 and (B) using 
zero 1-318 cm. I t  is reasonable to  assume th a t if  there  had  been no

0 2
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C E N T R A T IO N  F O R  T W O  D IF F E R E N T  
O B S E R V E D  Z E R O  R E A D IN G S .

The series o f observations show n were 
used to  calcu la te  th e  m olecular weights 
p lo tted  in Fig. 1. Solute : benzil. Sol­
ven t : cycZohexane.
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L A T E D  F R O M  T H E  V A L U E S  O B T A IN E D  
F R O M  T H E  L IN E S  I N  F IG . 2 .

Solute : benzil. S o lv e n t: cycZohex- 
ane.

experim ental error all the p lotted  points would have fallen on these lines 
according to  their respective zero readings.

The ordinary ebullioscopic relationship between boiling point elevation 
(AT), concentration (C), and molecular weight (M) of the solute for ideal 
solutions can be w ritten  in the form a

AT =  %  X CM
where K  is the  ebullioscopic constant. Thus for an ideal solution the  plot 
of AT against C is a  straight line passing through the origin. In  such a case
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the molecular weight (M) can be calculated, K  being known, from the 
gradient (K /M ) of the line, w ithout calculating values of M  from pairs of 
values of AT and C. I f  the results obtained for AT are subject to  a 
constant error of S(AT), then the plot of the apparent values (AT') of AT 
against C will be represented by :—

AT' =  J  . C +  8(AT) (2 )

and the line will no longer pass through the origin. I t  will, nevertheless, 
still have the same gradient, which can be used as before for calculating M .

SOLUTE: 1 /  
O BENZIL r  
A DICYCLOHEXYLBENZENE /
X PHENANTHRENE /
V FLUORENE - CURVE /

OMITTED FOR CLARITY /

V

-

CONCENTRATION • G S0LU TE/I00G  SOLVENT 

F i q .  4.
R E L A T IO N S H IP  B E T W E E N  A T  A N D  G  F O R  O N E  S E R IE S  O F  E B U L L IO S C O P IC  M E A S U R E ­

M E N T S  W IT H  C yc/O H E X A N E  AS S O L V E N T  F O R  V A R IO U S  S O L U T E S .

Calculation of M  by means of equation (1) from individual pairs of figures 
would in this case have given a series of incorrect values (M') of M , for

KC
M' = AT +  8(AT)

and if K C /AT is constant and equal to  M , the values of M' m ust not only 
differ from M  bu t also increase or decrease with C. I f  AT is subject to  a 
constant error there is thus an advantage in plotting AT against C and



498 REYNOLDS : METHOD FOR IN TERPRETA TIO N  OF EX PERIM EN TA L DATA
\

‘calculating M  from the gradient of the plot, instead of calculating separate 
values of M .

Fig. 3 represents two plots of molecular weight against concentration 
using molecular weights calculated not from experim ental values of AT, 
bu t from values taken  from Fig. 2, lines A and B (Table I I I  “ smoothed ” 
data).

I t  will be seen, therefore, th a t the  plots of Fig. 3, which, in fact, represent 
smoothed values corresponding to  those in Fig. 1, are curves which cannot

1 2 3 4 5  1 2 3 4 5
CO NCENTRATION -  G O I L / I O O G  C Y C LO H E X A N E

F i g . 5.

T H E  M O L E C U L A R  W E IG H T  O F  O IL  “  A ,”  D A T A  F R O M  F O U R  E B U L L IO S C O P IC
E X P E R IM E N T S .

RECOMMENDED METHOD _ EXTRAPOLATION TO 
-750 ZERO CONCENTRATION

be extrapolated to  zero concentrations as in the earlier in terpretation . In  
Fig. 2, lines A and B are parallel and the  only effect of calculating results 
using different zero readings is to  transpose the  plot bodily in a lateral 
direction. From  this figure, the gradient of the  “ best stra igh t line ” 
through the plotted points can be obtained, being, in fact, the  same for 
both plots obtained from the experim ental results and practically  inde­
pendent of the zero reading chosen.

The plots of AT versus C for the substances listed in  Table IV, as exem ­
plified in Fig. 4, are substantially rectilinear; th a t is to  say, any departure

*
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of the data  from the straight line relationship is not only small bu t is also, 
so far as can be seen, random . The solutions investigated m ay therefore 
be regarded to  all intents and purposes as ideal. Further, in the applica-

1 2  3 4 5
CONCENTRATION -  G O IL  / IOO G CYCLOHEXANE 

F ig .  6.
T H E  M O L E C U L A S  W E IG H T  O F O IL  “  B .”  D A T A  FR O M  EB U L LT O SC O PIC  A N D  

C R Y O SC O PIC  E X P E R IM E N T S .

5 0 0 '

EXTRAPOLATION TO 
ZERO CONCENTRATION

tion of the recommended m ethod of plotting to  ebullioscopic data  already 
obtained for lubricating oils, no substantial departure from ideality of 
solution has so far been observed. Similar rem arks apply to  cryoscopic 
observations (Figs. 5 and 6).

M M
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3. Application of the “ Gradient ” Interpretation to the Determination of 
Ehullioscopic and Cryoscopic Constants.
Table IV  shows the theoretical molecular weights of the solutes used, the 

ehullioscopic and cryoscopic constants being calculated from these figures 
and the gradients of the graphs, typical examples of which are reproduced 
in Fig. 4.

T a b l e  IV .

Ehullioscopic and Cryoscopic Constants o f Crystallized cycloHexane w ith Different
Solutes.

Solute M
T heoret

Ehullioscopic m ethod Cryoscopic m ethod

K
(observed)

C orrected
barom etric

pressure
K

(observed)
C orrected

barom etric
pressure

Benzil . 210-2 27-85 759-42 192 758-24
— 27-31 756-23 195 753-62
— 27-47 756-49 196-4 752-90

iJicj/cfoliexyl benzene 242 27-82 750-63 200 753-08
— 28-3 751-88 196 753-10

Tric?/cZohexylbenzene 324 29-19 766-21 167-9 757-2
—• 29-58 760-96 174-2 761-45

Phenan th rene 178 28-26 750-56 189-3 757-93
— 28-48 748-49 190-9 758-07

D iphenyl 154 28-79 762-29 195 757-45
— 27-74 761-42 197 755-70

Fluorene 166 27-67 756-23 196-5 763-44
— 27-0 761-56 195-3 762-24

Decalin . 138 23-59 757-12 187-8 760-55
— ■—■ — 191-6 760-55

F ro m  Table IV  i t  will be seen th a t  in  each case th e  values o f th e  co n stan t agree 
reasonably  closely. There is also good agreem ent betw een th e  respective constan ts 
for benzil, dicycZohexylbenzene, diphenyl, and  fluorene. TricycZohexylbenzene and 
decalin, however, gave ra th e r  lower cryoscopic co n stan ts th a n  th e  above-m entioned 
solutes. The sam ple o f tricycZohexylbenzene was found to  be soluble only w ith 
difficulty in  cold cycZohexane.

The influence of variations in atmospheric pressure on ehullioscopic and 
cryoscopic constants has usually been ignored in practice. W hile such an 
effect is to  be expected on theoretical grounds, it is not possible to  prove its 
existence from the results recorded in Table IV, for although figures can be 
selected from among these which m ay suggest the effect in question, the 
indications are not consistent enough to  w arrant drawing of any con­
clusions.

The values of K  for cycZohexane given in Table IV  agree reasonably well 
with the literature values quoted in Beilstein,4 which are :—

Ebullioseopic . . . . . .  26-9 27-53
C r y o s c o p i c .........................................................  200 203-3



4. Choice of a Standard Solute.
B enzil1 appears to  be suitable as an ebullioscopic standard and there 

seems no reason to  abandon its use for this purpose, although in the cryo- 
scopic m ethod it tends to  come out of solution on cooling if the concentration 
is above 1 per cent. Decalin, even after percolation, obviously comes under 
suspicion as a cryoscopic standard  solute, and its tendency to  become 
entrained by the boiling cycZohexane in the ebullioscopic method renders it 
of little  use. I f  it is desired to  use the same standard  for both methods, 
dicycZohexylbenzene, diphenyl, and fluorene appear to be satisfactory.

The avferage constants using the benzil, dicycZohexane, diphenyl, and 
fluorene results are

Ebullioscopic . . . . . .  27-77
Cryoscopic . . . . . . .  195-9

5. Recommended Method for Interpretation of Experimental Results.
I t  has been shown from general considerations th a t in the  Menzies 

W right ebullioscopic method of determining molecular weight, an error in 
the zero reading of the differential therm om eter will lead, even in the case 
of ideal solutions, to  curvature in the plot of apparent molecular weight 
against concentration of solute (see Fig. 3) and to  error in the value found 
for molecular weight by extrapolation to  zero concentration, unless it 
happens th a t an equal error is attached to  subsequent therm om eter readings. 
Analogous effects arise in the determ ination of the  ebullioscopic constant 
using a solute of known molecular weight. Application of these con­
siderations to  actual experimental data  proves th a t the m agnitude of 
the resulting errors m ay be considerable, and illustrates the fact th a t they 
m ay be avoided by plotting the experimental results in a different form. 
Precisely similar considerations apply to the effect of the error in deter­
mining the freezing point of the pure solvent in cryoscopic molecular weight 
determ inations.

I t  is therefore recommended th a t in all molecular weight determinations 
involving differences between therm om eter readings—whatever type of 
therm om eter is used—tem perature differences (AT) should be plotted 
against solute concentrations (C) and the molecular weight of the solute 
calculated from the gradient of the  plot. Unless the plot is obviously 
curvilinear, the straight line which best fits the data  should be drawn, not 
necessarily through the origin. I f  m =  d(ET)/dC  is the gradient of this 
line, the molecular weight (M ) of the solute should then be calculated from 
the formula

KM  =  — m

where K  is the ebullioscopic or cryoscopic constant of the solvent. I f  the 
plot is curvilinear, the limiting value of its gradient as C approaches zero 
should be taken as the value of m.

In  determining the ebullioscopic or cryoscopic constant using a solute of 
known molecular weight (M ), the results should be plotted as described, 
and the constant calculated from the equation.
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K  ----- mM
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6. The “ Gradient ” Interpretation Applied to Experimental Results.
Four ebullioscopic experim ents were performed by one operator to  

determ ine the  molecular weight of oil A. The d a ta  were in terpreted  both 
by the recommended m ethod and by extrapolation to  zero concentration 
(Fig. 5).

Two ebullioscopic experim ents and one cryoscopic experim ent were 
performed by  different operators to  determ ine the molecular weight of 
oil B, again, the  da ta  were interpreted  by both methods (Fig. 6).

T a b l e  V.
Interpretation o f Experim ental Data fo r  Two Oils.

Oil
E xperim ental

m ethod

M olecular weight

C alculated  b y  
recom m ended m ethod

C alculated  by  e x tra ­
po lation  to  zero cone

A Ebullioscopic 583 590
Ebullioscopic 570 860
Ebullioscopic 570 615
Ebullioscopic 557 680

B Cryoscopic 432 490
Ebullioscopic 434 552
Cryoscopic 432 474

The molecular weights obtained are contrasted in Table V. I t  will be 
noted from Figs. 5 and 6 th a t the  graphs involving extrapolation to  zero 
concentration, only pass through a few of the  p lo tted  points in each case.
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THE TEN DIMETHYLNAPHTHALENES, THEIR 
PHYSICAL PROPERTIES, MOLECULAR COM­
POUNDS, AND ULTRA-VIOLET SPECTRA.

By A. S. B a i l e y , K . C. B r y a n t , R. A. H a n c o c k , S. H . M o r r e l l ,
a n d  J .  C. S m it h .

I n  an investigation of the naphthalene homologues occurring in Trinidad 
petroleum, samples of the pure hydrocarbons for comparison had first to 
be prepared. The work of preparation and synthesis of these hydro­
carbons, sponsored by the Colonial Products' Research Council, was carried 
out in the  Dyson Perrins Laboratory, Oxford, in collaboration with the 
Central Laboratory of Trinidad Leaseholds L td. a t K ing’s Langley.

E ight of these dim ethylnaphthalene samples are syn thetic ; 2 :3 -  and 
2 : 6-dim ethylnaphthalene have been purified from commercial products 
readily available in good quality, bu t the 2 : 6-isomer was also synthesized 
on a small scale. All these compounds, except 2 : 7-dimethylnaphthalene, 
have previously been synthesized, bu t sometimes w ith conflicting results.

Now for each hydrocarbon the picrate, the styphnate, and the 1 : 3 : 5 -  
trinitrobenzene complex have been made and the melting points taken 
under standard conditions. I t  is evident th a t the highest values of the 
melting points in the  literature are not necessarily the correct ones : in 
some cases, the picrates of obviously less pure m aterial melted a t higher 
tem peratures than  did the picrates of the pure hydrocarbons. The 
styphnates are the least satisfactory of the complexes, as some appear to 
decompose near the melting point. For the first tim e the melting points 
of all the five liquid isomers (1 : 2-, 1 : 3-, 1 : 4-, 1 : 6-, and I : 7-dimethyl- 
naphthalene) are recorded, and these constants, together with the refractive 
indices and the melting points of the three molecular compounds, should 
make much easier the identification of any dim ethylnaphthalene isolated 
from coal-tar, or petroleum, or from the arom atization of natural products.

I t  was hoped th a t by means of the ultra-violet spectra not only pure 
hydrocarbons but also those present in m ixtures could be identified. This 
would avoid the usually laborious separation by such methods as fractional 
sulphonation—methods which are difficult to  make quantitative. B ut 
consideration of the ten spectra confirms the earlier finding -of G a v a t1 
th a t “ the spectra are not adapted to  the identification of the m ethyl - 
naphthalenes.” This difficulty is partly  due to the fact th a t the naturally  
occurring m ixtures m ay contain also a- and [3-ethylnaphthalene, bu t is 
mainly due to  the close similarity of the ultra-violet curves of the  dimethyl- 
naphthalenes, especially of the ap-isomerides, 1 :2 - , 1 :3 - , 1 :6 -, and 
1 : 7-. On the other hand, 2 : 6- and 1 : 8-dimethylnaphthalene can be 
identified unequivocably in a mixture.

In  view of the conflicting data  in the literature of some of the hydro­
carbons it was necessary to  choose carefully the synthetic methods to  be 
employed. Some of the dim ethylnaphthalenes were synthesized from 
pure a- or p-methylnaphthalene : the chloromethylation of [3-methyl-
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naphthalene yielded a-chloromethyl-(3-methylnaphthalene, from which pure 
1 : 2-dimethylnaphthalene was readily obtained by catalytic reduction. 
Chloromethylation of a-methylnaphthalene gave a m ixture of 4- and of
5-chloromethyl-I-methylnaphthalene, from which the two dimethyl- 
naphthalenes were iso lated ; bu t 1 : 5-dimethylnaphthalene was obtained 
more easily by chloromethylation of a-chloromethylnaphthalene or by 
bis-chloromethylation of naphthalene, followed by reduction. In tro ­
duction of a second methyl-group by the  action of dim ethyl sulphate on 
the Grignard reagent from 2-methyl-6-iodonaphthalene gave 2 : 6-di- 
m ethylnaphthalene.

S tarting from a benzene nucleus three methods of building on the second 
ring were employed, (a) The succinic anhydride m ethod on an alkyl - 
benzene gave 1 : 3- and 1 : 7-dim ethylnaphthalene; (6) tolylethyl bromide 
and the malonic ester synthesis gave the 1 : 6-, 2 : 7-, and I : 7-isomerides;
(c) a Reform atsky reaction on o-methylacetophenone followed by chain- 
lengthening (A rndt-E istert synthesis) led to  1 : 8-dimethylnaphthalene. 
Two of the points which now seem to be settled concern 1 : 7- and I : 8-di- 
m ethylnaphthalene. The 1 : 7-isomer was thought by Zelinsky 2 to  melt 
a t 107°, and Veseley 3 claimed th a t it melted a t 84-85°; actually, there is 
no doubt th a t the substance is a liquid (m.p. — 28-5° and — 14° for the 
two forms) : the succinic anhydride process applied to toluene by Barnett 4 
is an unambiguous synthesis. Veseley 5 claimed th a t 1 : 8-dimethyl­
naphthalene was a liquid, but Linstead,6 using process (c) listed above, 
obtained a solid melting a t 63° and the la tte r result is confirmed in the 
present work.

Although the scale of these syntheses was not sufficiently large to  ensure 
the highest purity  of the final products, nevertheless, the samples obtained 
seemed to  compare favourably with the best so far described. In  Table I  
there are collected most of the data  from the investigation.

The melting points of the five liquid hydrocarbons were taken with the 
therm om eter in a  tube of the slowly melting mush of solid and liquid. 
While the  mush was stirred with the therm om eter the tube was surrounded 
with cotton-wool.

For the molecular compounds the melting points were taken in capillary
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Dimethylnaphthalenes.

Isom er. M. p. B. p. * # . P ic ra te , S ty p h n a te . T .N .B .
com plex.

1 : 2 —1-6° 266°/760 m m . 1-6164 130° 143-5° 147-8°
1 : 3 —6 to  —5° 263° 1-6078 116-5° 116-17° 135°
1 : 4 +  5 to  + 6 ° 263° 1-6127 143° 126° 165-6°
1 : 5 81-5° 265° 138-9° 159° 158°
1 : 6 - 1 7 °  t o —15° 264° 1-6072 111° 121-2° 130-1°
1 : 7 —14° and

—28-5° 263° 1-6072 118-5° 143° 137°
1 : 8 63-5° 270° 156° 160-1° 167°
2 : 3 104^5° 268° 123-4° 148-5° 136-7°
2 : 6 110-11° 261° 141-2° 157-8° 154°
2 : 7 96-97° 263° 136° 159° 152°

tubes in the usual m anner : the tem perature was raised a t the rate  of 1° 
per m inute, all the  stem from 0° upw ards was exposed and no correction 
for stem-exposure was applied.

Boiling points were only approxim ate. They were taken  on short- 
stern therm om eters as the  liquids distilled from  small Claisen flasks.

T a b l e  I I .
B and M a xim a  and M olecular E xtinction  Coefficients o f Dimethylnaphthalenes.

1 : 2. 1 : 3. 1 4. 1 : 5. 1 : 6.

A. Log E . A. Log E . A. Log E . a: Log E . A. Log E.

3220 2-90 3218 2-71 3212 2-46 3208 2-50 3220 2-96
3130 2-69 3170 2-49 3170 2-76 3170 2-69 3150 2-76
3080 2-95 3080 2-75 3145i 2-77 3115 2-75 3080 2-91
2930 3-68 2915 3-68 2995 3-73 3060i 3-15 2910 3-66
2855 3-77 2830 3-78 2890 3-88 2985 3-79 2815 3-80
2740 3-72 2760 3-76 2805 3-80 2870 3-96 2735 3-77
2620i 3-50 — — 2690i 3-60 2765 3-85 _ _
2550i 3-33 2530 3-39 2600i 3-38 2675i 3-61 _ ___
2280 5-12 2275 5-08 2270 4-91 2585 3-40 2270 5-07
2220i 4-95 2200i 4-90 2220i 4-78 2277 5-14 2230i 5-00

1 : 7. 1 : 8. 2 3. 2 6. 2 7.

A. Log E. A. Log E. A. Log E. A. Log E . A. Log E.

3220 2-71 3227 2-99 3200 2-53 3240 3-14 3212 2-37
3175 2-47 3175 2-78 3155 2-43 3165 2-78 3175 2-41
3150 2-52 3125 2-86 3060 2-67 3100 2-98 3120i 2-41
3075 2-74 3080 3-03 3020 2-61 3030 2-73 3075 2-57
2915 3-67 2930 3-74 2885 3-53 2950 2-90 3025 2-57

— — 2850 3-85 2785 3-71 2740 3-67 2750 3-69
— •—. 2760 3-78 2685 3-69 __ _
— — 2630i 3-55 .—. _ _ _
— — 2520i 3-30 .—. _ _ _

2275 5-10 2290 5-02 2265 5-16 2270 5-15 2275 5-15
— 2240i 4-90 2200i 4-98 — —

The le tte r  “  i ”  a fte r  a  w avelength  denotes an  inflexion.
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The effect of position of the substituents of the melting points of the 
hydrocarbons pu ts the values into three groups : the lowest-melting are 
the least symmetrically substituted, the a [3-isomers and the melting points 
increase in the order 1 : 7, 1 : 6, 1 :3 , and 1 : 2 ;  next come the acc-isomers 
1 :4 , 1 :8 , and 1 :5  ; and the highest are the (3|3-isomers, 2 :7 ,  2 :3 , and 
2 :6 .  As m ight be expected, the higher-melting hydrocarbons usually 
yield the higher-melting molecular compounds.

U l t r a - V i o l e t  A b s o r p t i o n  S p e c t r a .

For determining the ultra-violet absorption spectra, solutions of suitable 
concentrations of each dim ethylnaphthalene were prepared in highly 
purified isooctane. The measurements were made using a Hilger E 498 
Medium Quartz Spectrograph, with a Spekker spectrophotometer, the slit 
width being 0-015 mm and the cell length 1 cm. The source of radiation 
was a spark struck between two tungsten-steel electrodes.

W avelengths were taken from a scale incorporated in the spectrograph, 
and hence m ay be slightly in error, particularly a t long wavelengths, e.g., 
the 3240 Â band of 2 : 6-dimethylnaphthalene, by comparison with earlier 
work.7- 8

1 : 2 - D i m e t h y l n a p h t h a l e n e .

ç h 2ci ç h 3
/ \ / % / C H 3 ^ \ / v c h 3 ^ \ / \ / C H 3
I II I — > I II I — > I II I
% / X f  % / \ S  X / \ X

Of the methods reported 9> 10> n > 12> 14 for the synthesis of 1 : 2-dimethyl- 
naphthalene th a t of Mayer and Sieglitz,10 by way of 2-methylnaphthalene 
and l-bromo-2-methylnaphthalene, was first tried. The bromo-compound 
was readily converted into the Grignard reagent, bu t replacement of the 
MgBr group by methyl, using dim ethyl sulphate, was incomplete and the 
product contained 2-methylnaphthalene. Following the route of Darzens 
and Levy,12 2-m ethylnaphthalene was chloromethylated by the procedure 
of Grum m itt and B u c k 13 and the purified l-chloromethyl-2-methyl- 
naphthalene was reduced catalytically.

A m ixture of 71 g (0-5 mol) of 2-methylnaphthalene (m.p., 33-6 to  34-0°), 
30 g of paraformaldehyde (equivalent to 1 mol of formaldehyde) 90 cc of 
cone hydrochloric acid, 65 cc of acetic acid and 42 cc of 85 per cent 
phosphoric acid was placed in a 2-litre, 3-necked flask fitted with a reflux 
condenser and a mercury-sealed stirrer and stirred for 6 hours a t 80-85°. 
The warm product was poured into 1 litre of water and extracted 
immediately with benzene.

The benzene ex tract was washed with water until free from acid and 
then dried over potassium carbonate. After the benzene had been removed 
the residue, distilled from a Claisen flask, yielded 66 g of liquid, b.p. 148- 
165°/5 mm. This product was jedistilled from a flask fitted with an 
8-in Vigreux, electrically heated column, yielding 25 g of b.p. 158 to  160°/8 
mm, m.p. 52-55°. The solid, crystallized from 50 cc of acetic acid, gave 
16 g of m.p. 62° and recrystallization from 50 cc of alcohol gave 9 g of 
m.p. 64° (Found : Cl, 18-6 per cent. Calc : 18-7 per cent). Ziegler and
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Tiemann 16 sta te  th a t l-chlorom ethyl-2-m ethylnaphthalene melts a t  61 
to  63°, and Darzens and Levy 12 give m.p. 65°.

Reduction.
Catalyst : A solution of 1 g of palladium  chloride in 600 cc of w ater was 

stirred w ith 50 g of commercial strontium  carbonate for 20 m inutes, by ' 
which tim e th e  colour had left the solution. The solid was collected on 
a filter, washed well w ith water, then with alcohol, w ith acetone, dried, 
and bottled. I t  was added to  the  liquid in a 200-cc, low-pressure 
hydrogenator and readily formed metallic palladium  when shaken with 
hydrogen (at 1 to  4 atm  pressure) and the substance to  be reduced.

T a b l e  I I I .
Dim ethylnaphthalenes.

Isomer. M. p., ° C. B. p.,
° C/760 mm.

„2° 73 D •
Picrate, 

m. p., ° C.
Styphnate, 
m. p., ° C.

T.N.B. 
complex, 

m. p., ° C.

1 : 2- -  1-6 
-  3-5 12

266 
265 43
264/749 mm.11 
265/770 mm.12 
144/22 mm.18 
137/13 mm.

1-6164 
1-6142 10 
1-616 18

130
128-129 19
129 10
130 12
131 8

143-5
140-141 19 
141 “
142-143 14

147-148 
147-148 I4. 18

1 : 3- -  6 to -  5 263
126/13 mm. 
107/1 mm.4 
124-126/10 

mm.23

1-6078 116-5
117-118 14 
118 4

116-117 
116-118 14 
132-133 21

135

1 : 4- 5 to 6
5-5 to 6-5 28

263
264 4
265 23
118/10 mm.28

1-6127„16.4 _»D — 
1-6157 23

143
139-140 23 
142 »
143-144 2S- 14
144 4

126 
125 3
125-126 14

165-166 
165-166 14

1 : 5- 81-5 
77-78 5
79 8
80 32
80-80-5 29 
82 30

265
265-266 30 
133-136/15 

mm.2*

138-139 
137 6-33
137-138 3
138-139 29 
140 30

159 158

: 6- -  17 to -  15 264
262-263 34.39 
130/14 mm. 
126/13 m m -41

1-6072 
„16-3 _  n D ~

1-6089 18

111 
110-111 44 
112 37
113 39
114 34

121-122 
120 38 
121-122 41

130-131
131-132 41

: 7- — 14 and
-  28-5

263 
261-262 43 
147-149/45 

mm.42

1-6072 
1-6083 43

118-5 
114-117 3 
120 4 
121 43 
123-124 42

143 137

1 : 8- 63-63-5 
63 •

270
128/8 mm. 
140/18 mm. 0

— 156 
148 “ 
1433

160-161 
160 3

167

2 : 3- 104-105 
104 1
104-104-5 37

268
265-266 33 — 123-124 

123-124 37
148-5 136-137 

138 33

2 : 6- 110-110-5 
110-111 32 261 

261 43 
261-262 34

— 141-142
142-143 “ •43

157-158 154 
154 33

2 : 7- 96-97 
96-97 34
96-5-97-5 70
97-98 72

263 
262 34

136
135-136 34
135-5-136-5 70
136-137 72

159
159-160 7°. 71

152
151-15274
153 33

Data without superscripts are those obtained in this investigation.
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The chloro-compound (14 g, 0-075 mol) was dissolved in warm alcohol 
(80 to  100 cc) and mixed with a solution of 2-0 g of sodium in 40 cc of 
alcohol. 4 Grams of catalyst were added, and the mixture shaken with 
hydrogen (at 3 to  4 atm) for half an hour, although the reduction seemed 
complete hi a few minutes. The resulting liquid was filtered and the 
catalyst washed w ith warm alcohol; the combined filtrate and washings 
were evaporated to  one-third of the  bulk, ether added, and the ethereal 
solution washed repeatedly with w ater and then dried with calcium chloride. 
After evaporation of the  ether the residual oil was distilled through a short 
column a t 130 to  140°/15 mm, giving 11-5 g (95 per cent yield) of 1 : 2-di- 
m ethylnaphthalene, m.p. — 2-5°. A second reduction also gave a 95 
per cent yield of dim ethylnaphthalene, m.p. — 2-3°, b.p. 266°. Slow 
redistillation of these products gave a specimen of m.p. —2-0°, and 10 g 
of this were crystallized from 40 cc of 99 per cent alcohol a t —50°, the 
crystals being collected on a cooled, sintered glass funnel.17 After the 
solvent had been removed a t 100° in vacuo the  hydrocarbon froze and also 
melted a t — 1-6°. Recrystallization from 60 cc of alcohol a t — 60° gave
5-5 g of well-formed crystals melting a t — 1-6°; the liquid had n|° 1-6164, 
rig 1-6140 and b.p. 265°/760 mm (Darzens 12 gives m.p. —3-5°; von 
Auwers 18 gives 1-616).

The addition compounds were made and all were crystallized from ethyl 
alcohol. The orange picrate melted a t 130° (literature,12- 14>15- 19 128 to 
131°); the yellow-orange styphnate melted a t 143-5° (K loetzel14 gives 
142 to  143°) (Found : N, 10-8 per cent. Calc : for C12H 12,C6H 30 8N 3, 
N, 10-5 per cen t); the  yellow 1 : 3 :  5-trinitrobenzene complex melted a t 
147 to 148° (literature,14-19, 147 to  148°) (Found : N, 11-5 per cent. Calc : 
for C12H 12,C6H 30 6N 3, N, 11-4 per cent).

1 : 3 - D e v i e t h y l h a p h t h a l e n e .

The synthesis of this hydrocarbon from m-xylene by the succinic 
anhydride-a-tetralone route 4 is straightforward :—

HOCO HOCO
C H / \  .  C H / \  N j H ,  C H , \ / \  \ 9 H;

V  ” ^  S/\ch/ CH*ch3 ch3 ch3
o  11

CH ^ X\ / ^  ' X''CH CH < / \ / \0±13| II Y 2  y  0113| II | ____ V I II I

9H ;3

/ c h 2 W  \ / \ ^ xc h

CH, CH2 CH,

P-2 : 4-Dimethylbenzoylpropionic Acid.
A specimen of pure m-xylene (b.p. 139-3°/760 mm, ril£ 1-4970) was kindly 

supplied by Mr F. R. Buck, of Trinidad Leaseholds L td.
m-Xylene (47 g, 0-44 mol) was dissolved in 150 cc of carbon disulphide, 

40 g (0-4 mol) of succinic anhydride were added and then 120 g (0-90 mol)
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of aluminium chloride in small portions. The m ixture stood a t  room 
tem perature for 48 hours w ith , occasional shaking. I t  was then  poured 
into ice w ater and well stirred. The carbon disulphide layer was separated, 
and then  extracted  several tim es w ith sodium hydroxide solution; the 
alkaline ex tracts were acidified and  th en  ex tracted  w ith ether. From  the 
ethereal solution a white powder was obtained which, crystallized from 
benzene, gave 61 g (75 per cent yield) of acid, m .p. I l l  to  112° and on re- 
crystallization from fight petroleum  gave 43 g of acid, m .p. 111-5 to  112-5°. 
B arnett and S anders4 give 114° (but Krollpfeiffer and S chafer20 give 
111 to  112°) as the m.p. of (3-2 : 4-dimethylbenzoylpropionic acid. The 
melting points recorded by  B arnett and Sanders 4 throughout their paper 
appear to  be 2° high.

y-m-Xylylbutyric Acid.
Reduction of the keto-acid (20 g) by the  Clemmensen m ethod gave a 

product of m.p. 73 to  76°.. Recrystalfized from  50 per cent acetic acid 
this yielded colourless prisms (15 g), m .p. 76-5 to  77°, unchanged by  fu rther 
crystallization. (B arnett and Sanders4 give m .p. 79°, Krollpfeiffer and 
Schafer 20 give m.p. 71°.)

5 : 7-Dimethyl- a-tetralone.
This was obtained in 60 per cent yield by heating th e  butyric acid (3 g) 

with cone sulphuric acid (15 cc) 1-5 hours on th e  w ater-bath. The product, 
b.p. 140°/0-4 mm, set to  a mass of large crystals, m .p. 47-5 to  49°. B arnett 
and Sanders (who use 85 per cent sulphuric acid) claim only a 30 per cent 
yield and give m .p. 50°.

5 : 7-Dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene.
2-5 Grams of the tetralone on reduction (Clemmensen) and distillation 

gave 2-0g of b.p. 132°/11 mm (75 per cent yield). The specimen, redistilled 
(b.p. 252°/742 mm), had r^° 1-539 (F ound : C, 90-1; H , 10-1 per cent. 
Ci2H i6 requires C, 90-0 ; H , 10-0 per cent).

1 : 3-Dimethylnaphthalene.
4-1 Grams of the tetrahydronaphthalene heated w ith selenium (9 g) a t 

340° for 41 hours gave a product (3-5 g) of b.p. 126°/13 mm, and 1-5607. 
The low value of the refractive index showed th a t dehydrogenation had 
been incomplete. Accordingly, the  3-5 g were heated  (in a  wide tube 
surrounded by a paraffin bath) with 0-93 g of sulphur (two-thirds of the 
am ount needed for 3-5 g of the  pure tetrafin). Evolution of hydrogen 
sulphide began a t 200° and was rapid a t 215°. The tube was kep t a t  210° 
for 3 hours, when the evolution of gas had ceased, and no more gas was 
evolved a t 230°. The product was isolated w ith the aid of benzene, the 
benzene ex tract washed well with sodium hydroxide solution, w ith w ater, and 
then dried. I t  yielded 3-2 g of crude dim ethylnaphthalene, b.p. 120 to  135°/12 
mm, 1-5954, which were converted into the p icrate (4-0 g of orange-red 
needles, from alcohol), m.p. 116 to  116-5°. Recrystalfized from alcohol 
the specimen still melted a t 116 to  116-5° (B arnett and Sanders 4 give 
m.p. 118°; K lo e tze l14 gives 117 to  118°). Regeneration of th e  hydro­
carbon by adding the  picrate gradually to  a  warm m ixture of benzene and
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sodium hydroxide solution gave 1 : 3-dimethylnaphthalene of b.p. 262 to  
264° (corr.) and ng 1-6078. I t  solidified readily and then melted a t 6 
to  — 5°. The styphnate crystallized from alcohol in yellow-orange needles 
melting a t 116 to  117°, and th e  1 : 3 : 5 -trinitrobenzene complex formed 
yellow needles (from alcohol) of m.p. 135° (Found : N, 11-4 per cent. 
C12H 12-C6H à0 6N3 requires N, 11-4 per cent).

K loe tze l14 gives 116 to  118° as the m.p. of the styphnate, bu t B o g ert21 
records m.p. 132 to  133°.

1 : 4 -  P r H E T H Y L X  A P H T H A  I. E X E .

There have been m any syntheses of this hydrocarbon.4* 6>12*14*22-2j*28 
As we possessed a specimen of pure 1-methylnaphthalene we chose the 
chlorométhylation process used by Darzens and Levy.12

ç h 3 ç h 3 ç h 3

I II I — >  I I! I — >  I II I 
\ / \ ^  % / \ f  % / \ f

c h 2ci c h 3

4 -Chloromethyl- 1-methylnaphthalene.
16 Grams (0-11 mol) of pure 1-methylnaphthalene (m.p. —30-7°, ng

1-6168), 6-5 g of paraform aldehyde, 15 cç of acetic acid, 21 cc of hydro­
chloric acid, and 9-5 cc of syrupy phosphoric acid were heated and stirred 
for 2 hours on a w ater-bath  (compare G rum m itt and Buck 13). The product 
was poured into 100 cc of w ater and this m ixture was extracted w ith 100 
cc of ether. From  the ethereal ex tract after washing with potassium 
carbonate solution and drying over solid potassium carbonate there were 
obtained 13 g of semi-solid m aterial of b.p. 125 to  145°/l-5 mm. Crystal­
lization from ethyl alcohol gave 8 g of m.p. 59 to  60°, and recrystallization 
from alcohol yielded 3 g of m.p. 61 to 62° ; a further 2 g of m.p. 60 to  61° 
were obtained by cooling the m other liquor to  0°. Darzens and L evy '12 
give b.p. 124 to  125°/2 mm and m.p. 62°; Vavon, Bolle, and Calin 27 give 
m.p. 51°.

Reduction.
A m ixture of 3 g (0-016 mol) of l-methyl-4-chloromethyTlnaphthalene 

(m.p. 61 to  62°) and 1 g of palladium—strontium  carbonate catalyst in 
alcohol (50 cc) was added to a solution of sodium ethoxide (0-5 g of .sodium 
and 20 cc of ethyl alcohol) in a low-pressure hydrogenator and shaken with 
hydrogen (4 atm ). After half an horn- the  liquid was filtered from the 
catalyst and m ost of the  alcohol distilled off. W ater and ether were 
added, the ethereal extract washed with water, and then dried with calcium 
chloride. Distillation yielded 2-0 g of b.p. 140°/16 mm, 263°/760 mm, 
m.p. 5-5 to  6-0°, rig 1-6127 (Robinson and Thom pson28 give m.p. 5-5 to
6-5°). The picrate formed orange-red needles, m.p. 143°; the styphnate, 
yellow-orange, was easily soluble in ethyl alcohol and melted a t 126-127° 
to  a red liquid and a yellow solid ; the  1 : 3 : 5-trinitrobenzene complex, 
yellow needles, sparingly soluble in alcohol, melted a t 165-166° (Found : 
N, 11-7 per cent. Calc for C12H 12-C6H 30 6X3 N, 11-4 per cent).
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1 : 5 -D im e t h y l n a p h t h a l e n e .

Several syntheses of 1 : 5-dim ethylnaphthalene have been re­
ported ,5' 29>32’33 bu t the m ost direct is th a t of Anderson and S h o r t29 :—-

9h 2ci 9h 2ci 9h 2ci 911.3
/ \ / %  / \ / X  / \ / %

I II I — ^ I II I — ^  I II I +  | || | — -> | ¡1 1
% / \ s  x / \ x  % / \ x

c h 2ci c h 2ci c h 3
1 -Chloromethylnaphthalene.

256 Grams (2 mol) of naphthalene, 110 g of paraform aldehyde (3-7 mol 
of formaldehyde), 260 cc of glacial acetic acid, 362 cc of cone hydrochloric 
acid, and 165 cc of 85 per cent phosphoric acid were heated and stirred 
a t  85° for 6 hours in a 3-litre, 3-necked flask fitted w ith a mercury-sealed 
stirrer and a reflux. The m ixture yielded 182 g of 1-chloromethyl­
naphthalene, b.p. 130 to  180°/4 mm (mainly 130 to 135°), and m.p. 30°. 
A small higher fraction (b.p. 180 to  200°/4 mm) of bis - cb loro meth v 1 - 
naphthalenes crystallized from acetic acid and melted a t 13,8°.

1 : 5-JSis-chloromethylnaphthalene.
(а) 88 Grams (0-5 mol) of 1-chlorom ethylnaphthalene, 30 g of para­

formaldehyde (1 mol of formaldehyde), 65 cc of glacial acetic acid, 90 cc 
of cone hydrochloric acid and 42 cc of 85 per cent phosphoric acid were 
heated and stirred a t 100° for 8 hours. The solid which was deposited on 
cooling was filtered off, washed with water, and recrystallized from ethyl 
a lcoho l: 60 g of m .p. 95 to  102° were obtained. Recrystallization from 
acetic acid gave 22 g (20 per cent overall yield) of colourless crystals, m.p. 
128°. Crystallization from alcohol gave a product of m.p. 130°, unchanged 
by recrystallization from ligroin or from ethyl acetate. Anderson and 
S h o r t29 obtained a product of m.p. 130 to  145° (Found : Cl, 30-8 per cent. 
Ci2H 10C12 required Cl, 30-6 per cent) and oxidation w ith potassium ferri- 
• cyanide yielded naphthalene 1 : 5-dicarboxylic acid. Manske and Leding- 
ham 31 crystallized their 6fs-dichloromethylnaphthalene from benzene and 
obtained a specimen of m.p. 144°.

(б) By di-chloromethylation of naphthalene. As 1-chlorom ethylnaphthal­
ene has unpleasant vesicant and lachrym atory properties we decided to 
avoid its isolation. 128 Grams (1 mol) of naphthalene, 110 g of paraform 
(3-7 mol of formaldehyde), 260 cc of glacial acetic acid, 362 cc of cone 
hydrochloric acid, and 165 cc of 85 per cent phosphoric acid were heated to 
100° for 8 hours with stirring and left to  stand overnight : 165 g of solid 
separated. On crystallization from acetic acid and then from ethyl 
alcohol this gave 80 g of crystals, m.p. 110 to  120°; recrystallized from 
acetic acid, these gave 30 g (13 per cent yield) of m.p. 132°. A second 
preparation yielded 200 g of crude product and 55 g (24 per cent yield) of 
crystals, m.p. 128°.

1 : 5-Dimethylnaphthalene.
A solution of 8-4 g (0-0375 mol) of 6»s-chloromethylnaphthalene, m.p. 

130°, in 10 cc of dioxane was poured into 100 cc of ethyl alcohol in the



hydrogenator. Some of the chloro-compound crystallized. A solution of 
sodium ethoxide (1-9 g of sodium, 0-083 g atom, and 40 cc of alcohol) was 
added and then 4 g of palladium -strontium  carbonate. W ith hydrogen at 4 
atm  pressure the chloro-compound was reduced in a few minutes. The liquid 
product, free from halogen, boiled a t 164°/40 mm (yield 5-0 g, 88 per cent).

43 Grams of hydrocarbon m ixture, obtained as described above, on 
crystallization from ethyl alcohol gave 6-5 g of m.p. 72 to  73°; recrystallized 
from alcohol this gave 4-7 g of plates, m.p. 81°, b.p. 265°. Finally, a 
specimen of m.p. 81-5° was obtained. Anderson and Short 29 give m.p. 
80-5°, B u tz 32-33 gives m.p. 80°, K ruber and Marx,30 82°. The picrate 
crystallized from alcohol in orange-red needles, m.p. 138 to  139°; the 
styphnate formed yellow-orange prisms of m.p. 159° (Found : N, 10-2 per 
cent C12H 12-C6H 36 8N 3 requires N, 10-5 per cent) and the 1 : 3 :  5-trinitro­
benzene complex, yellow needles, melted a t 158° (Found : N, 11-6 per cent. 
Cj2Hi2*FgH30 6N 3 requires N, 11-4 per cent).

Isolation of 1 : i-Dimethylnaphthalene.
When the mother-liquors from the crystallization of 1 : 5-dimethyl- 

naphthalene were combined and cooled to  — 20°, crystals of m.p. —5 to 
+  20° were ob ta ined ; a t — 60° a second crop of m.p. — 2 to  + 9 °  
followed, and a t — 75° a th ird  crop, 2 g of m.p. -j- 2 to  +  3° (picrate, m.p. 
142 to  143°).

The first and second crops of hydrocarbon were mixed and converted 
into the picrate (m.p. 142 to  143°). Recrystallization gave orange-red 
needles of m.p. 142-5 to  143°. On decomposition with sodium hydroxide 
this picrate yielded 1 : 4-dimethylnaphthalene of m.p. -f- 5°.
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1 : 6 - D i m e t h y l n a p h t h a l e n e .

Although th is hydrocarbon has been isolated from coal-tar,34 from 
petroleum,35 from the sulphur dehydrogenation of i o n o n e ,36’ 37 and from 
the pyrolysis of vitamin-A,38 there is recorded in the  literature only one 
unambiguous synthesis, th a t of Kipping and Wild 39 :—

^  McBr ^ 3  PH ? H3 PH
^ \ /  S \ /  2\  2\ c h
I II — H  || C'H,OH — > I ¡1 Y t L■ h - i h —l o v i i ---- -r I
V  V  V  / C; CH3

EtOCO \ x ) O E t  
CHn CH3 CH3 ÇH,

s \ / \
I I! 'H*CH '  ̂ 1-CH 1 N l-PTT I II ! _ptt
' V /  /  3 % / \ y ^  3 % / \ y  3 3

HOCO y

Ethyl Methylmalonate.
The procedure of Lucas and Young 40 in which m ethyl bromide was 

allowed to  react on ethyl sodiomalonate in alcoholic solution gave a product 
of b.p. 90 to  100°/22 mm. In  order to  remove unchanged ethyl malonate 
the ester was shaken for one m inute with a cold, 25 per cent solution of



sodium hydroxide, washed w ith dilute sulphuric acid, w ith water, and 
dried. A fraction of b.p. 83 to  88°/16 mm was collected.

Methyl-fi-o-tolylethylmaIonic Acid.
The diethyl ester was obtained by the action of ethyl sodiomethyl- 

m alonate on o-tolylethyl bromide in alcoholic solution, b u t the  yield was 
only 26 per cent (Kipping and W ild 39 give 33 per cent). W hen the  m ethyl­
malonic ester and the bromide were added slowly in tu rn  to  a suspension of 
powdered sodium in toluene followed by heating to  100° the yield was raised 
to  50 per cent. Hydrolysis of the  ester and crystallization of the product 
from benzene gave a 75 per cent yield of the malonic acid, m .p. 136-5°.

1 : 6-Dimethyltetralin.
y-o-Tolyl-a-methylbutyric acid was obtained in yields of 61 to  85 per 

cent by heating the malonic acid under reduced pressure. I t  distilled a t 
160 to  165°/0-5 mm and m elted a t 25° (Equivalent, found by titration , 
195; calc 192). H eating on the w ater-bath  a t  75 to  80° for half an hour 
with four tim es its weight of cone sulphuric acid cyclized th e  acid to  the 
tetralone (2 : 5-dim ethyltetral-l-one), b.p. 136 to  140°/3 mm and m.p. 
42 to  44°. After crystallization from light petroleum , the substance 
m elted a t 45 to  46° (Kipping and W ild,39 47°).

Reduction, (a) by  the W olff-K ishne? m ethod. The tetralone only slowly 
formed a semicarbazone (m.p. 218 to  220°). 2-6 Grams of this, heated with
sodium ethoxide solution (from 0-6 g of sodium and 9 cc of alcohol) for 
24 hours a t 195° gave 1-9 g (80 per cent yield) of 1 : 6-dimethyl-5 : 6 : 7 : 8- 
tetrahydronaphthalene, of b.p. 121-122°/19 mm and rig 1-531; (b) the 
Clemmensen m ethod was more convenient, giving over 70 per cent yields 
of the  te tra lin  and little  gum m y m aterial.

1 : 6-Dimethylnaphthalene.
Dehydrogenation w ith selenium a t 340° for 40 hours gave products of 

n90 1-56 to  1-57 (indicating incomplete dehydrogenation), and isolation of 
the naphthalene was accomplished through th e  p icrate : 2-8 g of the 
te tra lin  gave 2-3 g of m ixture having ng 1-566. Conversion to  the 
picrate and crystallization of th is from alcohol gave 2-25 g of orange 
needles, m.p. 111°, unchanged by fu rther crystallization. Decomposition 
of the picrate w ith alkali yielded the naphthalene b.p. 264°, m.p. — 16°, 
rig 1-6072. Im pure specimens gave higher m elting (112° or 113°) picrates.

The yellow-orange styphnate prepared in ethyl or isopropyl alcoholic 
solution m elted w ith decomposition a t 121 to  122°. Heilbron, Morton, 
and W ebster 38 give m.p. 120°. Seidel 41 gives 121 to  122°.

1 : 3 :  5-Trinitrobenzene in alcoholic solution gave yellow needles of 
the complex, m.p. 130 to  131° (Found : N, 11-1 per cent. Calc for 
Ci 2H 12-C6H 30 6N3, N, 11-4 per cent). Seidel41 gives m.p. 131 to  132°.

A sample of commercial (German) 1 : 6-dim ethylnaphthalene, from 
coal-tar, distilled a t 135 to 136°/20 mm. I t  yielded an orange-coloured 
picrate of m.p. 108 to  112°. After crystallization from alcohol th e  picrate 
m elted a t 111-5 to 112-5°; on decomposition w ith alkali it  yielded a liquid 
of b.p. 262 to  264° and ng 1-6066, bu t the m.p. was indefinite. The 
substance softened a t —36° and finally melted a t -2 7 -5 °.
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1 : 7 -D im e t h y l n a p h t h a l e n e .

This hydrocarbon has had rather a chequered career. First, Zelinsky 2 
considered th a t two hydrocarbons (C12H 22) which he obtained by the action 
of zinc, hydrogen iodide, and acetic acid on 3 : 3 '-dimethylcj/dopentan-2 :ol 
were respectively 1 : 7- and 2 : 7-dimethyldecalin. On dehydrogenation 
they yielded (a) a dim ethylnaphthalene of m.p. 107° and picrate m.p. 143° 
(thought by Zelinsky to  be 1 : 7-dimethylnaphthalene) and (b) a solid of 
m.p. 91°, picrate m.p. 130°, which was most likely 2 : 7-dimethylnaphthal- 
ene. In  these experiments the dicycZopentyl structure becomes a deca- 
hydronaphthalene and, after examination of the rearrangem ent in models, 
we consider th a t the simplest process is the one in which the bond joining 
the two cycfopentyl rings becomes the central bond of the decalin. (Other 
processes lead to the formation of fused 5- and 7-membered rings.) The 
two decalins thus formed would be 2 : 7- and 2 : 6-dim ethyldecalin; hydro­
genation would yield 2 : 7-dimethylnaphthalene of m.p. 96-97° (picrate 
m.p. 136°), and 2 : 6-dimethylnaphthalene, m.p. 110° (picrate, m.p. 142°). 
Zelinsky’s product of m.p. 107° (picrate, m.p. 143°) thus appears to  be 
impure 2 : 6- and not the (liquid) 1 : 7-dimethylnaphthalene.

N ext, Darzens and Heinz 42 from a ra ther involved synthesis produced 
a liquid 1 : 7-dimethylnaphthalene (picrate, m.p. 123 to 124°) and Veseley 
and Medvedeva 3 followed with a synthesis from ¡J-methylnaphthalene via 
2 : 4-dinitro-7-methyl-l-chloronaphthalene and 2 : 4-dinitro-7-methyl-l- 
naphthylacetic acid : this led to  a solid, m.p. 84 to 85° (picrate, m.p. 114 to 
117°).

A satisfactory synthesis from toluene by the succinic anhydride method 
was carried out in 1933 by B arnett and Sanders : 4 the product was a liquid
(picrate, m.p. 120°). K ruber and Schade43 isolated from coal-tar by
fractional sulphonation a liquid dimethylnaphthalene, the picrate of which 
melted a t 121°; on oxidation w ith alkaline ferricyanide it yielded 
naphthalene-1 : 7-dicarboxylic acid.

Our synthesis followed the lines of th a t of B arnett and Sanders

9 H3 8
p t r  3 Stages p x r  _ A \ .
l n 3 | || | ^ __________  ^  3 1
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bu t we also made y-p-tolylbutyric acid from p-brom otoluene via p-tolyl- 
ethy l bromide.

y-jp-Tolylbutyric Acul.
(a) The action of ethylene oxide on p-tolylmagnesium bromide in ether 

solution gave a 51 per cent yield of ¡3-p-tolylethyl alcohol, b.p. 124 to 
130°/18 mm, 1-528 (literature,44-45 b.p. 115°/15 mm).

A solid residue left in the  distilling flask crystallized from alcohol and 
m elted a t 121° (Found : C, 92-5; H , 7-4; mol. wt. 170. Calc for C14H 14 : 
C, 92-3; H , 7-7; mol. w t. 182). I t  was apparently  4 : 4'-dimethyldi- 
phenyl. B ennett and Turner 46 and Gomberg 47 give m .p. 121°.

The tolylethyl alcohol was converted to  the bromide,44 which was 
condensed w ith ethyl sodiomalonate in benzene. In  two experiments 
yields of 22 and 30 per cent respectively of ethy l [3-p-tolylethylmalonate, 
b.p. 180 to  200°/9 mm, were obtained. Hydrolysis w ith alcoholic potash 
yielded the malonic acid, m .p. 135 to  136°, which when heated  under 
reduced pressure a t  140 to  160° lost carbon dioxide sm oothly and gave a 
product of m .p. 57 to  58-5° (80 per cent yield) and 59 to  59-5° after crystal­
lization from ligroin (b.p. 40 to  60°). B arnett and Sanders 4 give 59° as 
the  m.p. of y-p-tolylbutyric a c id ; M artin 48 gives 61 to  62°. As the overall 
yield of the acid by th is route was poor we then used the  procedure of 
B arnett and Sanders 4 and of Somerville and Allen.49

(b) The [i-p-toluylpropionic acid was obtained in  90 per cent yield as a 
solid of m .p. 125 to  126°. Recrystallization gave a specimen of m.p. 
127-5°. Lim pricht 50 gave m.p. 127°; B arnett and Sanders 4 gave 129°.

Reduction of this keto-acid by the Clemmensen m ethod gave an 88 per 
cent yield of y-p-tolylbutyric acid, m .p. 59° (60° after crystallization from 
benzene. Found : equivalent, 180, 179. Calc for Cn H 140 2, equiv., 178).

7-Methyl-l-keto-1 : 2 : 3 : 4-tetrahydronaphthalene.
Cyclization of the butyric acid w ith 80 per cent of sulphuric acid 4 gave 

a 90 per cent yield of crude ketone, b.p. 140 to  145°/16 mm, m .p. 31 to  32°. 
Crystallization from ligroin (b.p. 40 to  60°) gave a  product of m .p. 33-5° 
(Krollpfeiffer and Schafer 20 give m .p .32-5 to  33-5°, bu t B arnett and Sanders4 
give m .p. 35°). The 2 :4 -dinitrophenylhydrazone (red.) m elted a t 290° 
(decomp.) (Found: C, 60-0; H , 4-9; N, 16-3 per cent. C17H 160 4N4 
requires C, 60-0; H , 4-7; N, 16-5 per cent).

1 :1  -Dimethyl-?, : 4-dihydronaphthalene.
The crude carbinol obtained by the  action of m ethyl magnesium iodide 

on the  cyclic ketone was heated for half an hour with 0-5 per cent of iodine. 
A 70 per cent yield of a  liquid, b.p. 117 to  127°/17 mm, was obtained and 
from th is a main fraction of b.p. 248 to  250-5°/760 mm, n20 1-5680 (Found : 
C, 90-8; H , 8-8 per cent. C12H 14 requires C, 91-1; H , 8-9 per cent).

1 : 7-Dimethylnaphthalene.
8-2 Grams of the dihydronaphthalene and 10 g of selenium heated  24 

hours a t 310° in a sealed tube gave very little  pressure of gas, so the  tube 
was re-sealed and heated 44 hours a t 330°. The reaction yielded 1-2 g of 
dihydro-compound (n^ 1-560), 5-1 g of b.p. 128 to  131°/18 mm (w“  1-592),
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and a fluorescent residue. The main fraction yielded a picrate of m.p. 
118 to 120°. 6-3 Grams of this orange picrate, crystallized from alcohol,
yielded 3-8 g of fine needles, m.p. 118 to 119°. Regeneration of the hydro­
carbon with sodium hydroxide solution gave 1 : 7-dimethylnaphthalene, 
b.p. 262-263-5°, <  1-6068 and m.p. - 1 5 °  to -  14°.

Catalytic Dehydrogenation.
11-4 Grams of the dihydro-compound (rig 1-569) and 0-9 g of palladium - 

charcoal dehydrogenation catalyst were placed in a 30 cc Claisen flask and 
the m ixture gently boiled. Evolution of hydrogen was rapid a t first, but 
was slow after an hour. A stream  of carbon dioxide was bubbled through 
the boiling liquid for another hour, a t the end of which a test showed th a t 
evolution of hydrogen had ceased and the boiling point had risen from 
245° to  260°. The liquid was now distilled from the charcoal (finally heating 
in vacuo) and 9-7 g of crude dimethylnaphthalene were obtained. On 
fractional distillation this gave 2 g of b.p. 123 to  125°/11 mm, rig 1-5920 
(picrate, m.p. 118°) and 6 g of b.p. 125°/11 mm, rig 1-6039 (picrate, yellow- 
orange needles, m.p. 118-5 to  118-8°). The residue in the distilling flask 
appeared to  contain some higher-boiling by-product and it yielded a 
picrate of m.p. 119°.

From 10-1 g of the picrate, m.p 118-5°, 3-4 g of 1 : 7-dimethylnaphthalene 
were recovered : the liquid had b.p. 261°/760 mm and 1-6067. 
Refluxed with sodium and redistilled it had rig 1-6072 and it froze readily, 
melting a t — 28-5°; bu t if the crystals were kept several hours a t — 40° 
they changed to  a finer form, melting a t — 14°.

The styphnate crystallized as a fine yellow powder from alcohol and 
melted a t 143° (F ound : N, 10-5 per cent. C12H 12,C6H 30 8N3 requires 
N, 10-5 per cent). The 1 : 3 :  5-trinitrobenzene complex crystallized in 
yellow needles, m.p. 137° (Found: N, 11-4 per cent. C12H 12 •c6h 3o 6n 3 
requires N, 11-4 per cent).

Veseley and Sturza 5 made 1 : 8-dimethylnaphthalene by a synthesis 
which entailed difficult separations of isomerides and they described the 
final product as a liquid giving a picrate of m.p. 143°. Linstead and 
co-workers,6 by a synthesis which went through eleven clear-cut stages 
obtained a solid of m.p. 63° and yielding a picrate of m.p. 148°. We

1 : 8 - D i m e t h y l n a p h t h a l e n e .

>

/ \ / \
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modified the Linstead route considerably and obtained an obviously pure 
hydrocarbon of m.p. 63 to  63-5°. The picrate was obtained in two forms, 
orange and orange-red ; both melted a t 156° w ith no soffening a t 148°.

o-Methylacetophenone.
35 Grams (1 mol) of o-toluic acid (m.p. 101 to  103°) were dissolved in hot 

glacial acetic acid (75 g, 5 mol) and the  warm  solution allowed to  drop a t 
1 drop/3 seconds into a tube containing thoria on pumice kep t a t 450°. A 
slow stream  of carbon dioxide was passed through the appara tus.51 The 
condensate yielded 23 g (66 per cent yield) of ketone, b.p. 94 to 97°/16 mm, 
rig 1-533 (Literature 52 b.p. 93 to  95°/15 mm). 5 Grams of o-toluic acid 
were recovered.

¡3-0-Tolylbutyric Acid.
The Reform atsky reaction w ith ethyl brom oacetate converted th e  ketone 

into the p-hydroxy-ester which on distillation w ith iodine or w ith formic 
acid gave P-o-tolylcrotonic ester, b.p. 141 to  145°/17 mm, rig 1-517 (yield 
55 per cent) (F ound: C, 76-5; H , 8-0 per cent. Calc for C13H 160 2, C., 
76-5; H , 7-8 per cent).

Reduction of the  crotonic ester (30 g) in dry  ether (40 cc) w ith hydrogen 
and R aney nickel (4 g) a t 50° and 50 a tm  pressure for 4 hours gave 27 g 
(90 per cent yield) of the butyrate, b .p. 136 to  138°/15 mm, rg  1-4956 
(Found : C, 75-7 ; H , 9-0 per cent. C13H 180 2 requires C, 75-7 ; H , 8-7 
per cent).

Hydrolysis w ith alcoholic potash of 26 g of the ester gave 20 g (88 per 
cent yield) of the  acid, b.p. 128 to  134°/0-2 mm, and m .p. 46 to  48°. A fter 
crystallization from ligroin (b.p. 40 to  60°) the substance m elted a t 48 to 
49° (F ound : C, 74-3; H , 8-1 per cen t; equivalent by titra tion , 180. 
C13H 140 2 requires C, 74-2; H , 7-8 per cen t; equiv. 178). The amide of 
th is acid, crystallized from ligroin (b.p. 60 to  80°), m elted a t  109 to  110° 
(Found : C, 74-3 ; H , 8-6 ; N, 7-9 per cent. Cn H 15ON requires C, 74-6 ; 
H , 8-5 ; N, 7-9 per cent) ; the  p -phenylphenacyl ester had  m .p. 70 to  72° 
(m etastable form), and 128 to  129° (Found : C, 80-2 ; H . 6-4 per cent. 
^ 25^ 24^3 requires C, 80-6 ; H , 6-4 per cent).

y-o-Tolylvaleric A c id —  (A rndt-E istert Synthesis.)
10 Grams of the acid and 10 cc of purified thionyl chloride yielded 10-5 

g of the  acid chloride (b.p. 121°/10 mm). A m ixture of ether (250 cc) and 
40 per cent aqueous potassium  hydroxide solution (75 cc) was cooled to  5° 
in ice, and 25 g of A -nitrosom ethylurea were added in small quantities, the 
m ixture being well shaken and the tem perature kept a t 1 to  6°. The 
ethereal layer Was decanted, dried for 4 hours w ith solid potassium  
hydroxide and again decanted. A solution of the acid chloride (10-5 g) in 
ether (dried w ith sodium) was slowly added to  th e  cold (5°) solution of 
diazom ethane and the  m ixture allowed to  stand  overnight. I t  was then  
transferred to  a 500-cc, round-bottom ed flask. After the solvent had been 
removed a t 30° in vacuo the  residual oily diazoketone was dissolved by 
addition of 120 cc of m ethyl alcohol. W hile the  solution was warm ed in 
the w ater-bath, 3 g of freshly precipitated silver oxide (washed with
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methyl alcohol) was added in small portions. At one point the evolution 
of nitrogen became very vigorous ; the m ixture was heated for 4 hours. 
After the m ixture had been filtered the  ester, still in the m ethyl alcohol, 
was hydrolysed by refluxing for 8 hours with addition of 20 g of potassium 
hydroxide and 15 cc of water. The alcohol was removed, w ater added, 
and the aqueous solution, while alkaline, was extracted with e th e r ; it was 
then acidified and the acid isolated with the aid of ether. 7-5 Grams of a 
viscous oil, b.p. 175°/9 mm (135°/0T mm), were obtained. The overall 
yield from the  butyric acid to  the  valeric acid was 70 per cent, and, in a 
second experiment, 73 per cent. As the acid was a liquid full purification 
was deferred to  the next crystalline stage.

4 : 5-Dimethyl-1 -Iceto-1 : 2 : 3 : 4:-tetrahydronaphthalene.
Cyclization to the tetralone was carried out (a) by heating in the water- 

bath  for 1 | hours with 85 per cent sulphuric acid, which gave a 50 per cent 
yield of ketone, b.p. 140 to  150°/16 mm and m.p. 54 to  57°; (b) by the 
Friedel-Crafts m ethod.6 To 9-5 g of powdered aluminium chloride in 
20 cc of carbon disulphide 8-9 g of the acid chloride, b.p. 131 to 133°/10 mm, 
in 15 cc of carbon disulphide were gradually added with ice-cooling. 
Hydrogen chloride was evolved, and, a t the finish, crystals separated. 
The m ixture was heated to 40° for 10 minutes, then cooled and decomposed 
by addition of ice. From the carbon disulphide layer 7-2 g of crude ketone 
were obtained. I t  distilled a t 171 to  173°/21 mm, giving 6-3 g of crystals, 
m.p. 56 to  58°. A to ta l of 12-6 g of ketone was made and crystallized from 
ligroid (b.p. 60 to  80°), giving 4 0 g of hard, glistening prisms, m.p. 58°, 
and a second crop of 5-25 g, m.p. 57-5 to  58°. The 2 : \-dinitrophenyl- 
hydrazone crystallized from xylene, melted a t 239 to 240° (decomp.) (Found : 
C, 60-6; H , 5-0; N, 15-4 per cent. C18H 180 4N4 requires C, 61-0; H , 5-1; 
N, 15-8 per cent).

1 : S-Dimethylnaphthalene.
The tetralone was reduced to  the tetralin  by thje W olff-Kishner reaction.

8-75 Grams of tetralone gave a quantitative yield of semicarbazone (crude), 
m.p. 230°. Crystallized from ra-propyl alcohol, it melted a t 233 to  234° 
(Found : N, 18-4 per cent. C13H 17ON3 requires N, 18-2 per cent). 11-3 
Grams of semicarbazone heated for 20 hours a t 200° with sodium ethoxide 
solution (2-5 g of sodium in 30 cc of alcohol) gave 6-9 g (85 per cent yield) of 
1 : 8-dimethyl-l : 2 : 3 : 4t-tetralin, b.p. 112 to 120°/10 to  12 mm. Fractional 
distillation gave a  main fraction, b.p. 104 to  105°/9 mm, ri£ 1-5399 (Found : 
C, 89-7; H , 10-2 per cent. C12H 16 requires C, 90-0; H , 10-0 per cent. 
W hen 4-0 g of the tetralin  were heated with 1-6 g of sulphur a t 210 to  220° 
during 3 |  hours the  evolution of hydrogen sulphide gradually diminished, 
bu t the product, b.p. 245 to  265°, still contained much of the tetralin . I t  
was therefore redistilled from sodium to remove sulphur and w as'dehydro­
genated catalytically.

4-8 Grams of the tetralin , refluxed with 0-5 g of palladium -charcoal6 
evolved hydrogen smoothly during 2 hours, while the b.p. rose to  260°. A 
slow current of carbon dioxide was passed while the liquid was refluxed 
1 hour longer, and the product was then distilled from the reaction flask a t 
134°/16 mm. I t  solidified, and weighed 4-3 g. Crystallized from alcohol
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the 1 : 8-dim ethylnaphthalene melted a t 62-5 to  63°, and recrystallized, 
a t 63 to  63-5°. L instead 6 gives 63°. The b.p. was 270°/760 mm.

The best specimen gave an orange-red picrate, m.p. 155-5 to  156-5° 
(from alcohol. Found : N, 11-2. Calc., 10-9 per cent). L instead states 
th a t the picrate is yellow-orange and melts a t 148°. Some of the  dimethyl- 
naphthalene, m.p. 62-5 to  63°, yielded a yellow-orange picrate, m.p. 155 
to  156°, w ith no change a t 148°. The styphnate  (yellow-orange) melted 
a t 160° in agreement with Linstead, and the 1 : 3 :  5-trinitrobenzene complex 
formed yellow needles, m.p. 167° (Found : N, 11-5 per cent.
C12H 12-C6H 30 6N 3 requires N, 11-4 per cent).

This hydrocarbon occurs in coal-tar,34' 53 and in R um anian petroleum ,54 
it  is formed in the  destructive distillation of guaiacum resin.55-57 The 
first sy n th esis57 was from benzylm ethyl ketone via 2 : 3-dimethyl- 
1 : 2 : 3 : 4>tetralone (twelve stages in all)

the second synthesis 4 was by the succinic anhydride m ethod :—

There is no doubt as to  the  structure of th is hydrocarbon and it is 
easily obtained in an obviously pure s ta te  by crystallization of the com­
mercial product. This is obtainable in large colourless plates, m.p. 101 
to  102°, or higher. System atic crystallization of 25-g batches from ethyl 
alcohol gave a product of constant m elting point, 104° (literature, 103 to 
105°) and b.p. 268°/759 mm. The picrate (orange) m elted a t 123 to  124°; 
the styphnate came out of ethyl alcohol as a yellow curd, b u t m elted sharply 
a t 148-5° (Found : N, 10-5 per cent, C12H 12-C6H 30 8N 3 requires N, 10-4 per 
cen t) ; the yellow 1 : 3 :  5-trinitrobenzene complex m elted a t 136 to  137° 
(F ound : N, 11-3 per cent. Calc, N, 11-4 per cen t); the  trinitrotoluene 
complex melted a t 95 to  96° (Found : N, 11-2 per cent. C12H 12-C7H 50 6N 3 
requires N, 11-0 per cent), and the a-quinone,58 crystallized from methyl 
alcohol, melted a t 126° (K ruber 53 gives m.p. 127°).

Baeyer and Villiger 59 first p repared  this compound by a difficult route 
from ionene. I t  is easily isolated from coal-tar 34 as the  sulphonic acid 
and, being the highest-melting of the dim ethylnaphthalenes, it  is readily 
purified. Careful fractional distillation of the 250 to  270° fraction of

2  : 3 - D i m e t h y l n a p h t h a l e n e .

c h 2 c h 2 CH.
\ CO-CH3

CH. nw HO-CO
° S a A

L II I
'3\ ^ \

I II >

2  : 6 - D i m e t h y l n a p h t h a l e n e .
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Rumanium petroleum followed by cooling yielded 2 : 6-dimethylnaphthal- 
ene.54’ 60 As stated  on p. 515, the hydrocarbon isolated by Zelinski2 from 
the dehydrogenation products of ring-systems was probably 2 : 6- and not 
1 : 7-dimethylnaphthalene.

After the present investigation had been completed a synthesis (sur­
prisingly, the first recorded) of the naphthalene was published by Royer.61 
This author converted 2-methoxy-6-methylnaphthalene into 6-methyl- 
tetral-2-one by the method of Cornforth and Robinson 62 and introduced 
the second methyl group by means of the  Grignard reaction.

In  the present investigation the hydrocarbon was synthesized from 
P-m ethylnaphthalene:—

1 ¡1 I — -> I II I I II I

(i.) (II.)

(III.) (IV.)

H aworth 63 has shown th a t (I) is convertible into the same naphthalene 
dicarboxylic acid as is obtained from naphthalene-2 : 6-disulphonic acid 
via the dinitrile. Moreover, the structure of (III) was proved by Dzie­
woński 64 who showed th a t its acetyl derivative oxidized to 2-amino-6- 
naphthoic acid. The iodide is smoothly obtained from (III), but conversion 
of the Grignard compound (IV) into the dim ethylnaphthalene gave only 
a moderate yield, as is usual w ith this reaction. Nevertheless, the product 
was easily free,d from impurities and proved to be identical with the 
substance isolated from coal-tar.

2 : 6-Dimethylnaphthalene, from Coal-tar.
The commercial product (colourless plates, m.p. 109 to  110°) was 

repeatedly crystallized from ethyl alcohol (1 g in 35 cc), but the m.p. was 
constant a t 110 to  110-5° after two crystallizations, and the b.p. was 261°. 
The orange-coloured picrate melted a t 141 to 142°; the yellow styphnate 
a t 157 to 158° (Found : N, 10-6 per cent. C12H 12,C6H 30 8N3 requires N,
10-5 per cen t); the yellow 1 : 3 :  5-trinitrobenzene complex a t 153-5 to 
154-5° (N, 11-5 per cent. Calc, N, 11-4 per cent). Triandaf 65 gives m.p. 
154°.

Synthesis of 2 : 6-Dimethylnaphthalene.
Sodium 6-methylnaphthalene-2-sulphonate.—A well-stirred m ixture of 

|3-methylnaphthalene (m.p. 34°, 100 g) and cone sulphuric acid (75 cc) 
was heated on a boiling water-bath for 6 hours and then poured into water 
and the solution filtered. The filtrate was made alkaline by addition of a 
warm solution of sodium hydroxide (100 g) in water (150 cc) and the crude 
sodium salt was collected. I t  was crystallized from 1 litre of water with
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the aid of 3 g of charcoal, giving 102 g (60 per cent yield) of crystals dried 
a t 110°. The p-toluidine salt (long needles from water) m elted a t 250 to 
252° (Fieser 66 reports m.p. 250 to  251°) and the S-benzyl-thiouronium salt 67 
a t 222 to  223° (Found : C, 58-7; H , 4-9; N , 7-0; S, 16-4 per cent. 
C19H 20O3S2N 2 requires C, 58-7 ; H , 5-2; N, 7-2; S, 16-5 per cent).

6-Methyl-2-Naphthol.
Fusion of the sulphonate (30 g) a t  280 to  300° with potassium  hydroxide 

(98 g) and w ater (1-5 cc) gave 13 g (68 per cent yield) of naphthol, b.p. 
295 to 300°, and m.p. 118 to  120°. R ecrystallization from aqueous alcohol 
gave a product of m .p. 121 to  122°, unchanged by recrystallization (Found : 
C, 83-2; H , 6-4 per cent. Calc, for Cn H 10O, C, 83-6; H , 6-3 per cent). 
Fieser 66 gives m.p. 123° for a crude product, bu t Royer 61 and Dziewoński 64 
record the m.p. as 128 to  129°. The benzoyl derivative, from alcohol, 
melted a t 127° (Dziewoński 64 gives 128 to  129°); the orange picrate pre­
pared in chloroform solution and recrystallized from chloroform melted at 
136 to  157° (F ound : C, 52-6; H , 3-2; N, 10-8 per cent. C17H 130 8N3 
requires C, 52-7; H , 3-4; N, 10-8 per cent). By the action of p-toluene 
sulphonic chloride in pyridine solution the naphthol was converted into the 
p -toluenesulphonyl derivative, m .p. 142 to  143° (Found : C, 69-0; H, 5-3 
p e rcen t. C18H 160 3S requires C, 69-2; H , 5-1 per cent).

6 - M ethyl-2-naphthylamine.
6-M ethyl-2-naphthol (20 g) and cone ammonium sulphite so lu tion68 

(100 cc) heated and stirred in an autoclave for 8 hours a t 150 to  160° 
yielded 18 g (90 per cent) of a pale tan  powder, m.p. 123 to  125°. Crystal­
lization from ligroin (b.p. 80 to  100°) gave a product of m .p. 127° (Found : 
N, 9-0 per cent. Calc for CUH UN : N, 8-9 per cent). (Dziewoński64 
records m.p. 129 to  130°). The acetyl, derivative crystallized from aqueous 
alcohol and then from ligroin (b.p. 100 to  120°), melted- a t 154 to  156° 
(Dziewoński 64 gives m.p. 155 to  156°); the  benzoyl derivative, from alcohol, 
m elted a t 177 to  179° (Found : C, 82-4; H , 5-6; N, 5-4 per cent. C18H 15ON 
requires C, 82-8; H , 5-7 ; N, 5-4 per cent). The yellow picrate, formed in 
ethyl alcohol and recrystallized from ethyl alcohol, m elted a t  194 to  196° 
(Found : C, 52-8; H , 3-6 per cent. C17H 140 7N4 requires C, 52-8; H , 3-6 
per cent). A 1 : 3 : 5-trinitrobenzene complex, formed in alcohol, crystallized 
in long, dark-red needles, m.p. 165 to  166° (Found : N , 15-2 per cent. 
C17H 140 6N4 requires N, 15-1 per cent).

2 : 6-Dimethylnaphthalene.
The amine was converted through the diazo-reaction into 6-methyl-

2-iodonaphthalene, m.p. 145 to  146° (Found : C, 49-2; H , 3-3; I , 47-6 per 
cent. Cn H 9I  requires C, 49-2; H , 3-4; I, 47-4 per cent) and the iodide 
then made into the Grignard reagent, running the reaction concurrently 
w ith the preparation of methylmagnesium iodide.

Magnesium (1-5 g, 2 atm ), m ethyl iodide (3-5 g, 1 mol), 6-methyl-2-iodo­
naphthalene (7 g, 1 mol), ether (50 cć) and benzene (50 cc) were placed in a
3-necked flask fitted with a mercury-sealed stirrer, a dropping funnel, and 
a reflux condenser. A crystal of iodine was added and the m ixture heated
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on a w ater-bath until the reaction s ta r te d ; heating and stirring were 
continued for 2 hours after the reaction had subsided. Dimethyl sulphate 
(21 g, 5-0 mol) in benzene (50 cc) was then added and 60 cc of the liquid 
(mainly ether) distilled o ff; the m ixture was then refluxed for 24 hours. 
After the flask had been cooled in ice, 20 cc of water were added and then 
dilute sulphuric acid. The benzene layer yielded 2-2 g of b.p. 240 to  265° 
(smelling of (3-methylnaphthalene) which solidified. Crystallized twice 
from alcohol it melted a t 109 to  111° and, mixed with 2 : 6-dimethyl- 
naphthalene, m.p. 110 to 110-5° (from coal-tar) a t 109-5 to 110-5°; the 
picrate melted a t 140°.

2  : 7 - D i m e t h y l n a p h t h a l e n e .

Although this hydrocarbon has been isolated from coal-tar,34 from petro­
leum 35 and from the degradation products of several naturally  occurring 
compounds 69-72 it  does not appear previously to  have been synthesized. 
The present synthesis follows in outline th a t of 1 : 6-dimethylnaphthalene, 
the starting-point being p- instead of o-toluidine. i

CH3W \  c h * \ / \  c h * V \
I A L A  * L A /Ch2-oh >
^ / \ nH 2 ^ / \ C H 2/

EtOOCx /C O O E t HO-CO

,1 II I ' — > I II I
% / \ S

Pure p-toluidine was converted into p-brom otoluene,73 and the bromo- 
compound (70 g) mixed with m ethyl iodide (6 g) in 50 cc of dry ether was 
added slowly to 11 g of magnesium covered w ith dry ether. The methyl 
iodide promoted the reaction and kept it going smoothly. After the 
m ixture had been stirred under reflux for 6 hours all the magnesium had 
dissolved; the  solution was cooled with ice-water while ethylene oxide 
(20 g) was passed in. The resulting p-tolylethyl alcohol boiled a t 140 to 
145°/40 mm (yield 27 g, 47 per cent). Shoesmith and Connor 44 give b.p. 
116 to  118°; the urethane melted a t 114° (Speer and Hill 45 give m.p. 
112°).

Methyl-p-p -tolylethylmalonic Acid.
Sodium (2-5 g) was powdered under toluene and ethyl methylmalonate 

(20 g) was slowly added as in the synthesis of 1 : 6-dimethylnaphthalene. 
The reaction was completed by warming on the w ater-bath and then 26 g 
of (3-p-tolylethyl bromide (b.p. 127 to 132°/23 m m ; see Shoesmith and
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Connor 44) were slowly added. The m ixture was heated on a boiling water- 
ba th  for 2J hours and then  poured into water. W orking up with the aid 
of ether gave 17 g of ester, b.p. 218°/26 mm (39 per cent yield). Hydrolysis 
w ith alcoholic potassium hydroxide solution of 48 g of th is ester yielded 
30-5 g (78 per cent) of solid acid, m.p. 154 to  158°. After crystallization 
from ligroin and then from toluene the  substance m elted a t 161-5° (Found : 
C, 65-5; H , 6-8 per c e n t; equivalent, by titra tion , 122., C13H 160 4 requires 
C, 66-1; H , 6-8 per cen t; equiv. 118).

2 : 7-Dimethyltetralone.
The malonic acid on heating to  160 to  170° gave an alm ost theoretical 

yield of y-ip-tolyl-oi-methylbutyric acid, b.p. 150°/0-8 mm and m.p. 50 to 51° 
(Found : equiv., by titra tion  192. C12H 160 2 requires 192). W hen this 
acid was heated w ith four times its weight of cone sulphuric acid a t 90° 
for half an hour it  gave a 70 per cent yield of an oil, b.p. 122°/0-5 mm. 
This tetralone failed to  solid ify ; it  gave a 2 : 4-dinitrophenylhydrazone 
which, crystallized from toluene, m elted a t 251° (Found : C, 61-1; H , 5-3; 
N, 15-6 per cent. C18H 160 4N4 requires C, 61-0; H , 5-1; N, 15-8 per cent).

2 : 7-Dimethylnaphthalene.
Reduction by the  Clemmensen m ethod of the  tetralone gave an 85 per 

cent yield of crude 2 : 7-dim ethyltetrahydronaphthalene, b.p. 95 to  110°/ 
0-27 mm. D ehydrogenation w ith selenium a t 340° for 40 hours gave a 
70 per cent yield of product, b.p. 260 to  266°, m.p. 92 to  94°. Recrystal­
lized twice from alcohol the naphthalene m elted a t 96 to  97°, and gave a 
yellow-orange picrate of m.p. 135-5 to  136°; the yellow styphnate melted 
a t 159 to  160° (Found : N, 10-6 per cent. Calc, N, 10-5 per cent). 
Ruzicka 74 gives m.p. 158 to  159°; and the yellow 1 : 3 :  5-trinitrohenzene 
complex melted a t 151-5 to  152-5° (Found : N, 11-2 per cent. Calc, N,
11-4 per cent). Ruzicka 74 gives m.p. 151 to  152°, and T riandaf 65 gives 
m.p. 153°, on a Maquenne block.
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SOME NEW EXTREME PRESSURE (E.P.) LUBRICAT­
ING OIL ADDITIVES CONTAINING CHLORINE 
AND SULPHUR.

By W. D a v e y , B .S c ., Ph.D ., F.R.I.C.

S u m m a r y .

The condensation  o f chloral w ith  m ercap tans, in  presence of acid, gives 
trich loro-th ioaceta ls which show m arked  E .P . p roperties when blended in 
m ineral oil. These com pounds are active  a t  low concentra tions an d  the  
good E .P . p roperties shown are due to  th e  presence of a  Cl3-C~ group. The 
E .P . p roperties of th e  com pounds have been assessed by  th e  Four-B all 
M achine.

I n t r o d u c t io n .

I t  has been shown 1 th a t the presence of a Cl3-C- group in a compound, 
e.g., chloroform, benzo-trichloride, im parts useful E .P. properties when 
such a compound is blended in mineral oil, and th a t whilst such compounds 
have good E .P . properties by themselves these properties are enhanced 
by the addition of free sulphur or reactive sulphur compounds.2’3 
Mercaptans condense smoothly w ith aldehydes and ketones in presence of 
a little mineral acid to  give thio-acetals or mercaptoles, and by the use of 
chloral C13-OCHO and m ercaptans reactive chlorine and sulphur are 
obtained in the form of a single additive. Such compounds, prepared 
from chloral or chloral hydrate, by condensation w ith various mercaptans, 
have been tested  in the Four-Ball Machine and found to  possess good E .P. 
properties. The ease of preparation of these compounds and availability 
of m ercaptans from petroleum sources will be of interest.

E x p e r i m e n t a l .
Preparation of Additives.

In  the prelim inary experiments anhydrous chloral was used for the 
condensations, bu t it was found th a t the reaction proceeded just as readily 
when chloral hydrate was used, and the solid hydrate was therefore employed 
in the subsequent preparations.

Chloral hydrate, 16-55 g (1/10 g-mol) was dissolved in 200 cc of water and 
5 cc of concentrated hydrochloric acid were added. The m ercaptan 
(0-2 g-mol) was added and the whole shaken and then allowed to  stand. 
In  most cases crystals of the condensation product were quickly deposited, 
bu t in a few cases gentle warming to  ca 60° C was necessary to  effect the 
condensation. The product, obtained in almost quantitative yield, was 
filtered off, washed with a little water and recrystallized from alcohol or 
light petroleum. The crude product usually had a faint odour of the 
parent m ercaptan, bu t this was readily removed by recrystallization. For 
commercial use it would be unnecessary to  recrystallize the crude product 
since it was almost invariably of over 90 per cent purity.

The properties and analyses of the compounds prepared are given in 
Table I
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T able I .

Mercaptan Appearance of Melting
point

°C

% Sulphur % Chlorine
Solubility 

in oilused product
Found Calc Found Calc

White needles 61 25-2 25-2 420 42 0 Readily
55 20-6 20-7 34-3 34-4 ,,
46 20-7 20-7 34-4 34-4 ,,

Phenyl
Benzyl
Thioglyeollic

Acid
Thiosalicylic

82 18-4 18-3 30'4 30-5 ,,

Thick syrup
80 16-9 16-9 280 28-2

Very spar, 
sol. <0-2%— 200 20-2 340 34-2

White needles 165 14-7 14-6 24-2 24-3
Acid 

Mixture A 45 22-1 — 38-4 — Readily
Mixture B 50 200 340 ”

Note.—Mixture A consisted of a mixture of mercaptans from petroleum of boiling range 20 to 44° C 
and Mixture B of mercaptans of boiling range 44 to 50° C.

!% WT. BLENDS-

L O A D  Q C q )

0 - 2 S %  WT. BLENDS.

L O A D  (KLq )

KEY:- (7) COMPOLAJO l C ljC  CH(SC2H5r2 ©  CH 5 CHCS C 2Hs )2

(g) • 2 . C15C C H (S -a -butviJ2 ©  COMPOUND a  C f jC C H e »  Q.)2

®  • -4-. CAsCCHiS CeHife ©  “ 9  CtjCCU(SC2tz
@ • S. CbCCHtSCHjC.HJi
©  C t5C C H (0 C2M^2

F ig . 1.
W E A E -L O A D  D IA G R A M S .
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V

In  order to  study  the p a rt played by the chlorine and sulphur atom s the 
condensation products of ethyl alcohol and chloral and of acetaldehyde and 
m ercaptans were prepared by standard  methods.

Testing of the Additives.
Blends of 1-0 per cent w t of the additives in genuine Penna 150 neutral 

oil were prepared and tested  in the  Four-Ball Machine by the  standard 
short-duration test. Compounds 6 and 7 in Table I  could not be tested 
owing to  their low solubility in the oil.

The re su lts ' obtained are given in the form of W ear-L oad Diagrams 
(Fig. 1) and Friction-T im e Curves (Fig. 2). Since the first additive tested 
was active in TO per cent concentration, blends of 0-25 per cent w t were 
prepared and tested.

D is c u s s io n  o f  R e s u l t s .

The results obtained on the testing of these new additives suggest the 
value of combining both  chlorine and sulphur in th e  form  of a single 
additive. The effect of the C13’C - group in the  developm ent of E .P . effects 
is m ost m arked and the  good E .P . properties shown by th e  condensation 
product of chloral and ethyl alcohol indicates th a t the  chlorine atom s are 
largely responsible for th e  developm ent of these properties, the  sulphur 
atom s in the other compounds enabling the ferrous chloride film to be 
formed more readily, as when sulphur and a chlorine additive are used 
together in mineral oil. The ease of preparation of these compounds 
from petroleum  m ercaptans suggests a use for m ercaptans which are 
regarded as objectionable when present in gasoline, etc., and the activity 
of these compounds in low concentration indicates their potential commercial 
usefulness.

Note.—The work described in this paper is the  subject of Patent 
Application No. 22,173 dated Ju ly  25, 1946.
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