
The Direct Synthesis of Ammonia. 167

fluorescent ligh t. I t  is  t ru e  th a t  i t  w ould n o t d ep en d  up on  th e  a m p litu d e s  of 

the v ib ra t io n s ; b u t if new  free p e rio d s  are  e x c ite d  as I  h av e  describ ed , th e  

in ten sity  an d  th e  ab so rp tio n  w ou ld  b o th  d ep en d  u p o n  th e  n u m b e r, a n d  th e  

d uration  of th e  period s th u s  p ro d uced , an d  i t  is  th is  w hich , I  th in k , th e  ch an ge  

of absorp tio n  in fluorescence m o st d is tin c tly  p roves.

The Direct Synthesis o f Ammonia.

By Ed g a r  P h i l i p  P e r m a n , D.Sc ., A s s is ta n t P ro fe sso r o f C h e m is try  a t  

U n iv e r s ity  C ollege, C ardiff.

(Comm unicated by  P rincipal E. H . Griffiths, F .R .S . Received J a n u a ry  3, and in 

revised form , M arch 4,— R ead  M arch 30, 1905.)

i t  w as show n  in  a re c e n t p a p e r  on “ T h e  D eco m p o sitio n  of A m m o n ia  b y  

H ea t,”* th a t  am m o n ia  is decom posed  a lm o st (if n o t q u ite )  c o m p le te ly  w h en  

heated  in  a p o rce la in  vesse l a t  a b o u t 800° to  1100°, a n d  th a t  th e re  is no  sign  

of e q u ilib r iu m  b e tw ee n  th e  am m o n ia  a n d  its  d eco m p o sitio n  p ro d u c ts  a t  an y  

of th e  te m p e ra tu re s  em p lo y ed , 677 ° to  1111°.

In  o rd e r to  d isco ve r if  th e re  is a n y  su ch  s ta te  of e q u ilib r iu m , i t  w as 

th o u g h t b e t te r  to  a t te m p t  to  reach  th a t  s ta te  b y  sy n th e s is in g  a m m o n ia  

ins tead  of decom posin g  it, as th e  te s t in g  fo r a n d  e s tim a tio n  of th e  am m o n ia  

could th e n  be c a rrie d  o u t w ith  m u c h  g re a te r  accu racy .

Preparation of the Mixed Gases.— I n  th e  f irs t series of e x p e rim e n ts , th e  

m ix tu re  of n itro g e n  a n d  h y d ro g e n  w as m a de  by  p a ss in g  a m m o n ia  gas, from  a 

strong  aq u eo us  so lu tio n , th ro u g h  a  re d -h o t iro n  tu b e  h e a te d  in  a  gas fu rn ace , 

and th e  re su lt in g  gases w ere co llec ted  in  a  la rg e  g ash o ld e r an d  s to red  over 

d ilu te  su lp h u ric  acid. I t  m a y  b e ob jected  to  th is  m e th o d  of p re p a ra t io n  th a t  

carbon m onoxide, h y drog en , a n d  o th e r  gases w ou ld  p e rc o la te  th ro u g h  th e  

iron, an d  c o n ta m in a te  th e  p ro d u c t o b ta in ed . In  o rd e r to  te s t  th is  p o in t, a  

carefu l a n a ly sis  of th e  gases w as m ade, w ith  th e  re s u lt  th a t  no carbo n  

m onoxide co u ld  be  d e te c te d  b y  th e  b lood t e s t ; no ca rb o n  d io x id e  w as fo un d  

afte r ex p lo d ing  th e  gases w ith  o x y g e n ; an d  th e  ra tio  o f  n itro g e n  to  h y d ro g en  

was fou nd  to  be correct. T h e m ix tu re  of gases m a de  by  th is  m e th o d  w ill be 

refe rred  to  as “ M ix ed  G ases I .”

I t  w as th o u g h t, n ev erth e le ss , th a t  tra c e s  of fo reign  gases m ig h t hav e 

escaped de tectio n , a n d  m ig h t po ssib ly  h av e  in flu en ced  th e  resu lts . C on se

q u en tly  a  second se rie s of ex p e rim en ts  w as ca rried  o u t w ith  a  m ix tu re  of

* ‘Roy. Soc. Proc.,’ vol. 74, p. 110, 1904.
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168 P ro f . E . P . P e r m a n . [M a r. 4,

n itro g en  an d  h y d ro g en  m ade in  an  e n tire ly  d iffe ren t w ay. N itro g en  gas was 

m ad e by  h e a tin g  g e n tly  a so lu tio n  of e q u iv a le n t q u a n titie s , of am m onium  

ch lo rid e an d  sod ium  n itr ite , an d  h y d ro g en  w as p re p a re d  from  a co n cen tra ted  

p o ta sh  so lu tio n  h e a te d  w ith  m e ta llic  a lu m in iu m , th e  gas bein g  passed th rough  

tw o D rech se l flasks c o n ta in in g  p o ta ss iu m  p e rm a n g a n a te  so lution .

E ach  gas w as s to red  in  a g asho lder, a n d  a  m ix tu re  of th e  tw o w as then  

m ade, in  th e  p ro p o rtio n  of 1 v o lu m e n itro g e n  to  3 vo lum es hyd ro gen , in  a 

th i rd  gash older. T he  vo lum e of gases w as m easu red  by  th e  vo lum e of w ate r 

d raw n  off, du e reg ard  b e in g  p aid  to th e  “ h ead  ” of w ater. T h is m ix tu re  w ill 

be ca lle d  “ M ix ed  G ases I I . ”

Attempted Synthesis by Heat. (M ix ed  G ases I, an d  I I ,  sep a ra te ly .)— The 

m ix tu re  w as prov ed  to  be free  from  am m o n ia  by  te s tin g  w ith  N ess le r’s so lu tion. 

I t  w as th e n  passed  th ro u g h  a  h a rd  g lass tu b e  h e a te d  in  a co m b u stio n  furnace. 

G lass w as chosen  as lik e ly  to  h av e  no  ch em ica l actio n  on am m on ia  or its  con

s titu e n ts . T h e te m p e ra tu re  w as v a rie d  from  ab o u t 600° to  1000° C. The 

re su lt in g  gases w ere  b u b b le d  th ro u g h  d ilu te  h y d ro ch lo ric  acid  s o lu t io n ; th is  

w as a fte rw a rd s  m a de  a lk a lin e  w ith  p o ta sh , a n d  N e ss le r’s so lu tion  added. 

T h e  re s u lt  w as th a t  no ammonia could be , w h a tev e r th e  te m p e ra tu re

or s ta te  of gases  as to  m o is tu re .

I n  som e e x p e rim e n ts  th e  m ix tu re  w as freed  from  traces  of oxygen  by 

b u b b lin g  th ro u g h  a lk a lin e  p y ro g a lla te  so lu tion , a n d  th e n  d ried  b y  stro n g  

su lp h u ric  a c i d ; in  o th e r  ex p e rim e n ts  th e se  p re c a u tio n s  w ere o m itted , b u t 

th e  re s u lt  w as alw ay s th e  sam e, an d  w as o b ta in ed  m a n y  tim es.

T he e x p e rim e n t w as v a rie d  by  fillin g  a  p o rce la in  g lobe w ith  n itro g en  an d  

h y d ro g en  (M ix ed  G ases I) , an d  h e a tin g  i t  in  a fu rn ace  to  a b r ig h t red  h e a t 

fo r a b o u t 1 J  ho u rs . T h e gases w ere th e n  te s te d  fo r am m o n ia in  th e  usual 

way, b u t  n o t a  tra c e  w as found. W e m ay  conclude, the refore , from  these  

ex p erim en ts , th a t  am m o n ia  ca n n o t be sy n th e s ise d  from  n itro g en  and  hydrogen  

by  h e a tin g  in  vessels o f g lass o r p o rcelain , o r th a t, if  i t  is form ed, i t  is n o t in  

su ffic ien t q u a n tity  to  be d e tec te d  b y  N e ss le r’s so lu tion .

Synthesis by Heat in the Presence of Iron. (M ix ed  G ases I .)— Som e of th e 

m ix ed  gases w ere th e n  passed  th ro u g h  an iro n  tu b e  h ea ted  to  redness, o r in  

som e cases a  g lass tu b e  c o n ta in in g  iro n  nails, an d  i t  w as found  th a t, w hen 

m o is tu re  w as p re sen t, trac e s  of am m o n ia w ere fo rm ed ; if, how ever, care  w as 

ta k e n  to  ex clude  m o is tu re  b y  p assin g  th e  gases th ro u g h  a lk a lin e  p y ro g alla te  

so lu tio n  an d  su lp h u ric  acid, an d  re d u c in g  a n y  iro n  oxide, th e n  no am m onia 

cou ld  be d e tected . T h is  re su lt w as o b ta in ed  also by  11 am  say  an d  Y oung.*

I n  o rd e r to  fo rm  an idea of th e  a m o u n t of am m on ia produced, know n 

* ‘ Chem. Soc. Jovirn.f vol. 44, p. 88, 1884.
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1 9 0 5 .] The Direct Synthesis of Ammonia. 1 6 9

volum es of th e  m ix ed  gases w ere  p assed  th ro u g h  a  h a rd  g la ss  tu b e  p ack e d  

w ith  “ F ren ch  na ils ,” a n d  th e  am m o n ia  w as e s tim a te d  b y  K e ss le r’s so lu tio n , 

as in  th e  m eth od  used  in  w a te r  an alysis . T h e fo llow in g  re s u lts  w ere 

obtained :—

Vol. of m ixed gases, 

c.c.

500

500

250

250

A pproxim ate  rate, 

litre s p er  hour. 

10 

10

3

3

Ammonia.

m illigram m es.

0 0 3  

0 0 6  

0-08 - 

0 T 0

K o am m o n ia  cou ld  be d e te c te d  in  a n y  case u n le ss  th e  iro n  w as a t  a  b r ig h t 

red heat, a b o u t 800° to  900°. W ith  M ix ed  G ases I I :—

Time. Vol. of m ixed gases. Am m onia.
/  n c.c. m illigram m es.

8 20 250 0-20

2 45 250 0-20

0 42 250 0 1 7

I t  w ill be  n o ticed  th a t  th e  m a x im u m  a m o u n t of am m o n ia  w as fo rm ed  w h en  

the  gases w ere  p assed  a t  th e  m id d le  ra te , in d ic a tin g  th a t  th e  m ix tu re  h a d  

come in to  eq u ilib riu m . M ore th a n  tw ic e  as m u ch  am m o n ia  p e r  l i t r e  o f m ix ed  

gases w as fo rm ed in  th is  ser ies  as in  th e  f irs t, a n d  i t  a p p e a re d  to  be fo rm ed 

a t  a  low er te m p e ra tu re . M oreo ve r, w h en  th e  gases  w ere  ca re fu lly  d ried  b y  

su lp h u ric  acid , tra c e s  of am m o n ia  w ere s t i l l  fo u n d . W h e th e r  th is  d ifference 

was due to  g re a te r  p u r i ty  of th e  gases o r to  a n y  o th e r  v a r ia tio n  in  th e  co n 

d itio ns  (e.g., th e  new  F re n c h  n a ils )  I  am  u n a b le  to  say.

M y a t te n tio n  has  b een  called  to  a  p a p e r  by  H a b e r  a n d  v a n  O o rd t*  in  w hich  

some ve ry  s im ila r  e x p e r im e n ts  are  describ ed . T h e  p ro p o rtio n  of am m o n ia  

form ed in  th e  e x p e rim en ts  of th e se  in v e s tig a to rs  w as a b o u t 0 2  to  1000  po ssib le  

(if com plete ly  co n v erted ), w hich  is co n s id e rab ly  less th a n  o b ta in e d  b y  m e, 

b u t th e  te m p era tu re  a n d  o th e r  co n d itio n s  w ere  d iffe ren t in  th e  tw o cases.

H a b e r  an d  v an  O o rd t h av e  a tte m p te d  to find th e  d is so c ia tio n  c o n s ta n t a t  

d ifferen t te m p era tu re s , b u t  i t  ap p ea rs  to  m e th a t  th e  av a ila b le  d a ta  are  

en tire ly  insuffic ien t fo r th e  pu rpose. M o reo ver, th e  p a r t  p la y ed  by  th e  iro n  

is no t y e t  co m plete ly  un dersto od .

M y ex p e rim en ts  show  th a t  th e  q u a n t i ty  o f am m o n ia  fo rm ed  d epen d s on th e  

am o un t o f m o is tu re  p re sen t, b u t  H a b e r  an d  v an  O o rd t ap p ea r to  h av e  o v er

looked th is  p o in t, an d  say  s im p ly  th a t  th e ir  gases w ere d ry.

‘ Zeits. fur anorg. Chemie,’ vol. 43, p. I l l ,  1905.
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1 7 0 P ro f .  E . P . P e rm a n . ( M ar. 4,

Synthesis by Heat in the Presence of other .— S im ilar  experim ents

w ere m ade w ith  a  n u m b e r of o th e r  m e ta ls . C opper, zinc, n ickel, cobalt, 

p a lla d iu m , a lu m in iu m , an d  m ag nesiu m , a ll gave traces  of am m onia, b u t 

usu a lly  less th a n  iron. P la t in u m  sponge y ie ld ed  trac es , w h ils t p la tin ised  

asb estos a n d  p la tin u m  foil p ro d u ced  v e ry  m in u te  a n d  scarcely  percep tib le  

q u a n titie s . Z inc an d  co pp er in  co n ta c t gave no m ore th a n  w hen  p resen t 

sep ara te ly . I n  a ll th e se  cases, w h ich  w ere m ade w ith  “ M ixed  G ases I ,” no 

a tte m p t, was m a de  to  ex clu d e m o is tu re .

Effect of Large Surface.— (M ix ed  G ases I .)  T he fo llow ing su b stan ces  were 

se lec ted  in  o rd e r to  te s t  th e  in flu en ce  (if a n y )  of la rg e surfaces, on the 

sy n th e tic a l fo rm atio n  of a m m o n ia : p ip e  stem s, pum ice, b ro k en  porcelain, 

asbestos. A  h a rd  g lass tu b e  w as p ack ed  w ith  th e  su b stan ce , an d  the 

e x p e r im e n t co n d u c ted  in  th e  u su a l w ay. A s th e  re su lt , traces  of am m onia 

w ere fo u n d  in  each  case, ex cep t w ith  th e  p o rce la in . A ll th e se  substances, 

ex ce p t th e  p o rce la in , co n ta in ed  a n o ta b le  q u a n t i ty  of iron , a n d  I  believe th a t 

i t  is  ow ing  to  its  p resen ce  th a t  th e  am m o n ia  w as fo rm ed. T h e p o rcelain  was 

from  a b ro k en  globe, see fo rm er p ap er.*  T h e p ip e -s tem s  a lte re d  in  colour, 

u n d e r  th e  in fluen ce of th e  gases, from  a y e llo w ish  t in t  to  a  d u ll g rey , w hich  I  

ascrib e to  th e  red u c tio n  of th e  iro n  p resen t. A lth o u g h  m y  con clusion  m ay  be 

q u estion ed , I  believ e th a t  ( in  th is  case) th e  e x te n t  of su rface has  no effect, 

u n le ss  th e  su b s ta n c e  w ith  w hich  th e  gases a re  in  c o n ta c t reac ts chem ically  

w ith  th em .

Synthesis by Explosion.-— I t  w as n o ticed  th a t  if  an  exp losion  of th e  m ixed  

gases an d  a ir  took  p la ce  in  th e  h a rd  g lass tu b e , trac e s  of am m o n ia  w ere form ed, 

an d  th e  effect w as fu r th e r  in v e s tig a ted  by  ex p lo d in g  th e  gases w ith  oxygen 

in  a  e u d io m e te r an d  te s tin g  th e  re su lt in g  gases fo r am m onia.

T he fo llow ing  are  th e  r e s u l t s :—

M ixed gases. Oxygen. Result.

c.e. c.c.

10-5 2 T race of am m o nia

15 5-2 d itto  (b u t  less)

16 3-5 d itto

16-3 3-4 d it to

16 9 d it to  (b u t  less)

I t  w ill be seen  th a t  th e  q u a n t i ty  of am m o nia form ed d im in ish es  if  the

oxygen  is in  excess. T he q u a n titie s  w ere v e ry  sm all, b u t n ev erth eless  con-

s id e rab ly  g rea te r , in  p ro p o rtio n  to  th e  vo lum e of gases ta k en , th a n  those

*  Loc. cit.
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produced by th e  ac tio n  of iron. S im ila r  effects h av e  b een  n o ticed  b y  o th e r  

investigators.*

Synthesis by Sparking.— I t  is  w ell k n o w n  th a t  am m o n ia  can  be sy n th e s ise d  

in sm all q u a n titie s  w ith  th e  a id  o f h ig h  p o te n tia l  e le c tr ic  d ischarg es , a n d  I  

have now  a t te m p te d  to  b r in g  th e  g ases  in to  a  s ta te  o f e q u ilib r iu m  d u rin g  

sp ark ing , i.e.,into su ch  a s ta te  th a t  th e  ra te  o f  d eco m p o sitio n  is eq u a l to  th e  

ra te  o f fo rm atio n  of th e  am m o n ia , an d  to  re a c h  th a t  c o n d itio n  fro m  each  

direction.

M ixed  G ases I. T h e e x p e r im e n ts  w ere c a rr ie d  o u t in  a  g la ss  b u lb  of ab o u t 

250 c.c. cap acity , p ro v id ed  w ith  tw o  tu b e s  a n d  s to p-co ck s, a n d  w ith  p la tin u m  

w ires fo r sp a rk in g , th e  s p a rk in g  d is ta n c e  b e in g  a b o u t 25 m m

The b u lb  w as p la ced  in  a  th e rm o s ta t  a n d  m a in ta in e d  a t  a  te m p e ra tu re  o f 

40° C., i t  w as tilled  w ith  th e  m ix ed  gases, a n d  th e  p la tin u m  w ires  co n n ec te d  

w ith  th e  te rm in a ls  o f  a n  in d u c tio n  co il cap a b le  of g iv in g  a n  8 -in c h  sp a rk .

A fte r  th e  s p a rk in g  th e  gases  w ere  a sp ira te d  in to  d i lu te  h y d ro c h lo ric  acid  

so lu tion  a n d  nessle rised . T h e  v a rio u s  re su lts  are  p u t  to g e th e r  in  th e  fo llo w in g  

ta b le s :—

1 9 0 5 .]  The Direct Synthesis of Ammonia. 171

Pressure. Tim e of sparking. A m m onia form ed. R em arks.

mins. m illigram m es.

A tm o sp h eric 5 0-02 m o ist g ases

15 0-06
y y

» 15 0-02 v e ry  th in  sp a rk

y y 5 0*021 gases  d r ie d

y y
10 0 -0 3 J b y  H 2S 0 4

y y 15 0 0 6
y y

y y 20 0 0 7 y y

y y 80 0 1 0 y y

y y 45 0 1 0 y y

2 atm o sp h eres 60 0 1 9
y y

y y 30 0 1 9 y y

F ro m  th ese  re su lts  i t  w ill be  seen  t h a t :—

(1) U n d e r  a tm o sp h e ric  p re ssu re  e q u ilib r iu m  (as  before  defined) w as reac h ed  

w hen  0 T  m illig ram m e am m o n ia  h a d  been  form ed.

(2) U n d e r  a  p re ssu re  of tw o a tm o sp h e re s  e q u ilib r iu m  w as reac h ed  w h en  

0 T 9  m illig ram m e w as p re sen t.

(3) T h e a m o u n t of am m o n ia fo rm ed  d ep en d s  on th e  q u a n t i ty  of e le c tr ic ity  

passing, th u s  a  v e ry  th in  s p a rk  p ro du ced  o n ly  o n e - th ird  as m u ch  am m o n ia  as 

a  “ fa t ” sp a rk  in  th e  sam e tim e.

* See Watts’ Dictionary, 1st ed., Art. “ Ammonia.”
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1 7 2 P ro f . E . P .  P e rm a n . [M a r. 4,

Decomposition of Ammonia by Sparking.— A tte m p t

sam e e q u ilib r iu m  p o in ts  b y  s ta r t in g  from  th e  o p po site  en d  of th e  reaction . 

I t  w as fo u n d  to  re q u ire  lo n g  sp a rk in g  before  e q u ilib r iu m  w as n ea rly  reached.

T h e fo llow ing  are  th e  re s u lts  :—  

Pressure. Tim e of sparking. Am m onia remaining.

hrs. milligrammes.

A tm o sp h e ric , a llow ed  to  b low  off 

ev e ry  few  m in u te s  .................... 2-5 0-13

A tm o sp h eric , r is in g  to  tw o  atm os. 

a t  en d  ........................................ 5 4 2

T w o atm os., co m m encing  w ith  a  

m ix tu re  of N  a n d  I I  ( 1 :  3), an d  

2 p e r  cen t. N H 3 ........................ 2 0-56

T w o atm os., com m en cin g  w ith  a  

m ix tu re  of N  a n d  I I  ( 1 :  3), an d  

1 p e r  cen t. N I L  ........................ 2-5 0-32

A t a tm o sp h e ric  p re s su re  d ecom po sitio n  w as rap id , an d  th e  eq u ilib riu m

p o in t w as v e ry  n e a r ly  reac h ed , sy n th e s is  g iv in g 0 T 0  m illig ram m e an d

a n a ly s is  0 T 3  m illig ram m e. W h e n  th e  v o lu m e  w as k e p t  co n s ta n t, decom -

p o sitio n  w as v e ry  slow  a n d  th e  p o in t of e q u ilib r iu m  w as ap p ro ach ed  o n ly  b y  

s ta r t in g  a  lo n g  d is ta n ce  from  th e  b eg in n in g  of th e  decom position . S ta r t in g  

w ith  a  m ix tu re  c o n ta in in g  1 p e r  cen t, of am m o n ia , a f te r  2§ h o u rs ’ sp ark in g , 

0 -32 m illig ram m e  am m o n ia  re m a in e d  in s te a d  of 0 1 9  m illig ram m e  b y  th e  

s y n th e t ic a l  m e th od .

M ix ed  G ases I I .— I n  th is  series th e  le n g th  of th e  sp a rk  w as 11 m m ., an d  

th e  cap a c ity  of th e  g lobe 262  c.c. A t  th e  co n c lu sio n  of th e  e x p e rim e n t th e  

gases w ere  p u m p e d  o u t th ro u g h  d ilu te  acid. T h e te m p e ra tu re  w as 39a 8 C.

In  p rim ary  coil.
---------- X______

Time. C urren t. V oltage. Ammonia.

mins.

15

am peres.

2 4

milligrammes.

0-08

30 2 4 0-30

15 1-5 4 0-25

30 5*5 4 0-44

45 5-5 • 4 0-37

22-5 5*5 4 0-41

15 2-75 2 0-07

68

Decomposition of am m onia by sparking. 

5-5 4 0 4 1
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1 9 0 5 . ] The Direct Synthesis of Ammonia. L7 3

F rom  th ese  re su lts  i t  is  seen  th a t—

(1) E q u ilib riu m  w as reach ed  in  a b o u t 22 m in u te s , th e  gases th e n  c o n ta in in g  

(M l m illig ram m e am m onia. O n s p a rk in g  am m o n ia  a t  a tm o sp h e ric  p re s su re  

exac tly  th e  sam e p o in t of e q u ilib r iu m  w as reach ed .

(2) M ore am m o n ia  is fo rm ed  th a n  in  th e  f irs t series , ow in g  to  th e  sh o r te r  

s p a rk ; also th e  ra te  o f deco m po sitio n  a n d  th e  r a te  of fo rm a tio n  a re  q u ic k er.

(3) O th e r co n d itio n s  rem a in in g  th e  sam e, th e  a m o u n t o f am m o n ia  fo rm ed  

is rou gh ly  p ro p o rtio n a l to  th e  c u r re n t  s tre n g th .

(4) I f  th e  c u r re n t  s tre n g th  rem a in s  th e  sam e, th e  q u a n t i ty  of am m o n ia  

form ed is m uc h  in flu enced  by  th e  vo ltage . ( I t  m u s t be rem e m b ered  th a t  th e  

e lectrical m e asu re m en ts  h e re  m e n tio n ed  a re  th o se  of th e  p r im a ry  coil.)

Since w ritin g  th e  above, I  h av e  d isco v ered  th a t  B e r th e lo t c a rr ie d  o u t 

ex p erim en ts  o f a  som ew ha t s im ila r  n a tu re . H e  fo u n d  th a t ,  s ta r t in g  e i th e r  

w ith  am m on ia o r  w ith  n itro g e n  a n d  h y d ro g en , s p a rk in g  le f t  f in a lly  a  m in u te  

q u a n tity  o f am m o n ia  w h ic h  w as “ o f  th e  sam e o rd e r  ” in  th e  tw o  cases.* 

U sing th e  s ile n t d ischarge , he o b ta in e d  th e  sam e p o in t of e q u ilib r iu m , s ta r t in g  

from e ith e r  d irec tio n , viz., a m ix tu re  c o n ta in in g  3 p e r  cen t, am m o nia . 

R eference sho u ld  be m ade also to  th e  w o rk  of H e m p tin n e , w ho  h as  in v e s tig a te d  

th e  sy n th es is  of am m o n ia  u n d e r  v a rio u s  c o n d itio n s .!

Summary.

(1 ) So fa r  as can be sh ow n  by one of th e  m o s t d e lic a te  te s ts  k n o w n  to  

chem ists, am m o nia ca n n o t be sy n th e s ise d  b y  h e a t (e x c e p t u n d e r  specia l 

conditions specified below). T h e  deco m p ositio n  of am m o n ia  b y  h e a t m ay , 

therefore , be reg a rd ed  as an  ir re v e rs ib le  reac tio n .

(2) A m m on ia  m ay  be sy n th es ised  in  sm a ll q u a n t i t ie s  fro m  its  c o n s ti tu e n t 

e lem en ts  (a) by  h e a tin g  w ith  m a n y  of th e  m e ta l s ; (b) by  e x p lo d in g  w ith  

o x y g e n ; (c) by  sp a rk in g . T hese a re  re v e rs ib le  reac tio n s .

(3 ) I t  w ould  ap p ea r th a t  th e  sy n th e s is  o f am m o n ia  is effec ted  o n ly  w h en  

the  gases are  io n is e d ; th e  io n isa tio n  w o uld  be b ro u g h t a b o u t by  sp a rk in g , o r 

by th e  h igh  te m p e ra tu re  of an  ex p lo sion  of h y d ro g e n  a n d  ox y gen . T h e 

im m ed ia te  decom position  of th e  am m o n ia  fo rm ed  w o u ld  be p re v e n te d  by  its  

su dden  cooling. T h e m e ta ls  in  th e  p resen ce  of m o is tu re  a lso p rod uce  

“ n ascen t ” o r  ion ised  hyd rogen .

(4) I t  does n o t ap p e a r  th a t  n itr id e s  of th e  m e ta ls  fo rm  a n  in te rm e d ia te  

stage in  th e  fo rm atio n  of am m o nia, fo r i t  w as fo u n d  th a t  m e ta ls  re a d ily  

form ing  n itrid es , e.g., m agnesium , d id  n o t p ro d u ce  m ore am m o n ia  th a n  th e  

others.

* 4 Mecanique chimique,’ vol. 2, p. 358, 1879. 

t  4 Bull. Acad. Roy. Belgique,’ 1902, p. 28.
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(5 ) T here is a  close analog y  b e tw een  ozone an d  am m o n ia w ith  regard  to 

th e ir  sy n th es is  an d  decom position  ; bo th  are  form ed by sp ark in g , an d  bo th  are 

co m ple te ly  decom posed by  hea t.

I n  conclusion , I  w ish to  ex press m y  th a n k s  to  M r. G. A . S. A tk in so n , B.Sc., 

an d  to  M r. J .  H . D avies, B.Sc., for v a lu ab le  ass is ta n ce  ren d ered  d u rin g  the 

e a r lie r  an d  la te r  p o rtio n s  o f th e  w ork  resp ec tiv e ly .

P ro f. E . P .  P e r m a n  a n d  M r. J .  H . D a v ie s . [M a r. 8,

Determination o f Vapour-pressure Air-bubbling.

B y Ed g a r  P h i l ip P e r ma n  and J o h n  H u g h e s  D a v ie s .

(Com m unicated by P rincipal E. H . Griffiths, F .R .S . Received M arch 8,— Read

M arch 30, 1905.)

I t  w as show n  re c e n tly  by  one of us*  th a t  th e  v ap o u r-p re ssu re  of w a te r  can 

be d e te rm in e d  w ith  a co n sid erab le  degree of acc u racy  by  b u b b lin g  a c u rren t 

of a ir  th ro u g h  w a te r  in  a  th e rm o s ta t, a n d  e s tim a tin g  th e  am o u n t of w a te r  

ev a p o ra te d  by ab so rb in g  i t  in  s tro n g  su lp h u r ic  acid.

T he accu racy  of th e  m e th o d  h as  sin ce b een  q u e s tio n e d ,f  su p e rsa tu ra tio n  

b e in g  sp ec ia lly  su gg es ted  as lik e ly  to  cause e rro r. W e  h ave  th e re fo re  m ade 

ex p e rim e n ts  in  o rd e r to  d iscov er w h a t e r ro r  (if a n y )  is in tro d u ced  by  su p er

s a tu ra t in g  th e  a ir  w ith  m o is tu re  before  i t  e n te rs  th e  w a te r  in  th e  th e rm o sta t. 

T h e effect o f d u s t in  th e  a ir  an d  of e lec tr if ic a tio n  h av e also been in vestigated . 

I n  each  case th e  a rra n g e m e n t of th e  a p p a ra tu s  w as as d escribed  in  th e  p rev ious 

paper.

Supersaturation.— B efore p assin g  in to  th e  flasks in  th e  th e rm o s ta t, w hich 

w as m a in ta in e d  a t  70°, th e  a ir  w as b u b bled  th ro u g h  a  la rge w ash -b o ttle  

c o n ta in in g  w a te r  a t  a b o u t 85°. T he w ash -b o ttle  w as co n nec ted  by  a  sh o rt 

ru b b e r  tu b e  w ith  the  flasks a t  70°. O th e rw ise  th e  e x p e rim en t w as conducted  

as a lre ad y  described . T h e fo llow ing  re su lts  w ere o b ta in e d :—

w . P. T. y. P- V apour-pressure.

gramme. mm. ° C. litres. mm. mm.

0-6757 753-2 286-1 2-005 736-4 234-7

0 6706 749-3 288-1 2-005 730-2 234-8

T he  n u m b e rs  o b ta in ed  in  th e  p rev io u s e x p e rim en ts  w ere 234-2, 233-2, 

2 3 4 -5, 235-0, 233*5, an d  2 3 3 -5, w hile  R e g n a u lt’s n u m b e r (co rrected  as described

* ‘ Roy. Soe. Proc.,’ vol. 72, p. 72, 1903. 

t  ‘ Journ. Phys. Cheni.,’ vol. 8, pp. 299 and 313, 1904.
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