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E X P E R I E N T I A  M A I O R U M  

T h e  D i s c o v e r y  
o f  A t m o s p h e r i c  C o n d e n s a t i o n  N u c l e i  

b y  P a u l - J e a n  C o u l i e r  i n  1875 

A historical note 

By F. VERZAR* 

Nobody  will d o u b t  the  grea t  value of JOHN AITKEN'S 1-I 
work of several  decades  on a tmosphe r i c  condensa t ion  
nuclei as the  cause of haze, fog, and clouds,  bu t  all the  
basic obse rva t ions  were made  w i thou t  AITKEN'S knowl-  
edge several  years  before by  PAUL-JEAN COULIER, pro-  
fesseur au Val de Grace, the  mi l i ta ry  medical  and  phar -  
maceut ica l  school of Paris.  

In the  Journa l  de P h a r m a c i e  et  de Chimie (Ser. IV, 22, 
165, S e p t e m b e r  1875), appea red  a pape r  en t i t l ed  Note 
sur une nouvelle propridt{ de l 'air par  M. COULIER 5, pro-  
fesseur au Val de Grace. 

The Figure  shows the  first  page.  

COULIER descr ibes  a simple device for d e m o n s t r a t i n g  
the  fact,  which  was a l ready  known  at  the  t ime,  t h a t  a 
sudden  decrease in pressure  in a closed vo lume of air, 
s a tu r a t ed  wi th  wa te r  vapour ,  leads to the  fo rma t ion  of 
fog. Original ly he used a 3-meter- long tube  of zinc closed 
a t  bo th  ends  wi th  a glass plate.  The air inside was  com-  
pressed first.  I t  was  t h e n  suff icient  to  open a s top-cock  to  
decrease  the  pressure,  and  a t  th is  m o m e n t  a fog appea red  
which was so th ick  t h a t  a candle  f lame could no longer  be 
seen t h rough  the  tube.  (This cer ta in ly  sounds  like the  
model  of our  m o d e r n  nucleus counters ,  bu t  - of course - 
w i thou t  photocel ls  and  electronics.)  

A second device was also descr ibed.  A flask wi th  3 s top-  
cocks was used. One was connec ted  wi th  a rubbe r  balloon. 
The air was sucked in and,  by  compress ion  of the  balloon, 
was b rough t  under  h igher  pressure  which could then  be 
released at  will, and  then  a fog appeared .  

He even observed  the  fog drople t s  wi th  a s imple 
magni fy ing  glass and saw t h a t  t hey  are of d i f ferent  size 
and mobi l i ty .  He  also s t a r t ed  coun t ing  the  nuclei n u m b e r  
per cm a. He found t h a t  the  air of Par is  con ta ins  m a n y  
such dus t  par t ic les  - as he called t h e m - w h i c h  he supposed  
to be responsible  for the  'bad  air '  of the  big city.  

He then  makes  the  in te res t ing  obse rva t ion  t h a t  a f te r  
several  decompress ions  of the  same volume of air, it 
becomes ' inac t ive ' .  Oxygen  and  ca rbon  dioxide do no t  
play a p a r t  in this .  W i t h  outs ide  air, the  reac t ion  (fog 
format ion)  appears  again.  

Through  a co t ton-wool  filter, the  par t ic les  of the  air  
can be fi l tered away  and  such air t hen  becomes  ' inac t ive ' ,  
t h a t  is no fog is p roduced  by  sudden  decrease in pressure.  

These invisible par t ic les  s ed imen t  when  the  air  s t ands .  
They  are also re ta ined in the  resp i ra to ry  t r ac t  (bronchi) .  
Tobacco smoke makes  air ' ex t rao rd ina r i ly  ac t ive ' .  An 
alcohol f lame or a benzol  flame, or a Bunsen  burner ,  
produces  very  much ' ac t iv i ty ' ,  and  these  par t ic les  are 
re ta ined  by co t ton  wool filters. Since the  la t t e r  become 
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black,  he concludes  t h a t  the  dus t -p roduc ing  par t ic les  are 
very  small,  u n b u r n e d  par t ic les  of carbon.  A calculat ion 
showed h im t h a t  as l i t t le  as 7/~00000 mg ' ac t iva te '  the  air. 

Note sur tree nouveUe propr/~t~ de l'air; par M. C o u u ~ ,  

professeur au Val-de-GrAce. 

On salt que lorsqu'une certaine quantit~ d'alr satur~ de va- 
peur d'eau est rar~fi~e brusquement, une partie de cette va. 
peur se pr~ipite  s~us forme de brouillard, par suite de i'a- 
baissement de temperature. N Pour rendre cette exl~rien©e 
plus visible, j'ai fait construi~e un large tube en zinc, de 
3 m~tres environ de Iongueur, et termin~ par des glaces. 
En ln/roduisant un peu d'eau daus net appareil et en eompri. 
rhant I ~ r e m e n t  Pair qu'il contlent, I I  suffit d'ouvrir un 1"o- 
bluet plac~ sur le ¢8t~ du tube pour que la d~compression se 
produ|se. A ee moment un nuage se forme, et i) est asset 
opaque pour qu'on ne pulsse plus vuir les contours de la 
Ilam|ne d'une boul~ie. 

En r~p~tant cette exptrlenne A plusieurs jours d'intervalle, 
je m'apervus qu'elle ~tait caprleieuse, et que souveut elle ne 
r~usslssa|t pus. C'e~t pour rechercber Ins causes de net iusucc~s 
qu e j'ai entreprls Ins experiences dont je vais dire quelques 
roots. 

Le ph~uom6ne de la pr~cipltatlon de la vapeur d'eau dam 
uoe atmosphere qu'ou rar~fle pr/~ente une parfieularlt~ qui 
permet de l'~tudler plus l'acilement. On peut, pour le pro~lulre, 
provoquer dans l'alr satur~ une compression momentan& qui 
ne dure qu'un instant tr~s<.ourt. Le brouillard se procluit 
immt~dlatement au moment de la d~c, ompresslon. L'appareil 
suivant est fort commode pour ce genre d'exp~rlence. ILl se 
compose d'un flacon de t ~ 2 lltres,/t trois tubulures (A, fi~. t). 
La premiere, B, est munle d~un robinet el se termlne par un tube 
en caoutchouc. La deuxi~me, C, est d~pourvue de roblnet, 

Fig. t. 

mats le tube en caoutchouc se Ic~rmine par tlne poiro, D, 

He fur ther  showed t h a t  the  n u m b e r  of nuclei changes 
wi th  the  weather ,  and  he therefore  p roposed  t h a t  in 
towns,  and  a!so a t  d i f fe rent  a l t i tudes ,  and  dur ing  epidem- 
ics (!), the  presence  of these  ' dus t '  par t ic les  should be 
measured  and  their  qua l i ty  s tudied.  

Ozone p roduced  grea t  ac t iv i ty  in his air samples,  and 
this  ac t ive  principle was not  r e ta ined  by  the  co t ton  wool 
filters. This fact  r emained  inexpl icable  and  is t oday  again 
unde r  discussion (JUNGE6). 

6 C. E. JvNc, E, Adv. G~'ophy.~. 4, 1 (I!*SS). 
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Of special  in te res t  is his r emark  t h a t  ' Su lphu r  was the  
most  act ive fog-producing  subs tance ' .  In recent  years, 
GERHARD and JOHNSTONE 7 and  JUNGE 6 have  discussed 
the role of SO2 in the  a t m o s p h e r e  and its possible oxy- 
da t ion  to su lphur ic  acid by  ozone and by a photochemica l  
react ion (VERZ~.R S'9). 

In  t he  Oc tober  n u m b e r  of the  same journal  where  
COOLIER'S 5 first  pape r  appeared ,  followed a second addi-  
t ional  no te  w i th  a s imilar  t i t le,  of 1~/~ pages  only.  In  th is  
he was m u c h  p e r t u r b e d  w h e t h e r  his original  in te rpre ta t ion ,  
t ha t  the  dus t  nuclei are main ly  c o m b u s t i o n  products ,  was 
right.  He  now had  made  the  following observa t ions :  The 
flask was  filled wi th  inac t ive  (filtered) air. In  the  bo t t l e  
was a p l a t i n u m  wire, which  was  b r o u g h t  to  a red glow. 
The air t hen  became very  act ive,  This  and  some more 
expe r imen t s  w i th  hea t ed  g lass- tubes  etc. made  it un-  
cer ta in  w h e t h e r  his exp l ana t i on  was r ight  t h a t  carbon par-  
ticles are the  nuclei on which  wa te r  vapours  condense.  
Here a new form of nuclei were  p roduced  which  - he 
t h o u g h t  - were  n o t  p roduc t s  of burn ing  organic ma t t e r .  

I t  c anno t  be said t h a t  COULIER*S papers  were qui te  un- 
known;  the  German  scientif ic weekly  periodical  'Na tu r -  
forscher '  gave a l eng thy  review in Vol. 8 (1875), p. 40() to 
401, and a second one on p. 453. 

However ,  5 years  later,  AITKEN 1 pub l i shed  in the  Royal  
Society of E d i n b u r g h  on December  20th, 1880, his f amous  
paper  in which  he showed  t h a t  ' the  dus t  is the  ge rm on 
which fogs and  clouds are the  developed p h e n o m e n a ' ,  as 
it was quo t ed  in Na tu re  23, December  30th (1880), p. 195 
and p. 204. 

This  led to  a series of cri t ical  'Le t t e r s  to  the  Ed i t o r '  in 
Nature ,  by  RUSSELL l°, PREEOE ~1, and  main ly  one by  
GRONEMAN ~ in Groningen  (Holland).  The l a t t e r  po in ted  
out t h e  impor t ance  of COVL~ER'S work  on p. 337 as pri- 
m a r y  to  t h a t  of AI'rKEN, bu t  GRONEMAN was in te res ted  
in the  p rob lem only f rom the  po in t  of view of his ' th6orie  
cosmique  de l ' aurore  polaire ' .  

AITKEN 3 answered  in a l e t t e r  to the Ed i t o r  and  fully 
acknowledged t h a t  be had  no t  known of COULIVZR'S work:  
' t  need no t  say  t h a t  the  i n f o r m a t i o n . . ,  was a mos t  un-  
exspected  surprise.  No th ing  w h a t e v e r  seems to  have  been 
known in E n g l a n d  abou t  the  resul ts  ob ta ined  . . .  There  
be no d o u b t  t h a t  M. COULIER was the  first  to show the  
impor t an t  pa r t  p layed  by  dus t  in the  c loudy condensa t ion  
of the  vapour  in air . '  AITKEN though t ,  however ,  t h a t  
COULiER'S second paper ,  in which he showed t h a t  a 
hea ted  glowing p l a t i n u m  wire also p roduced  condensa t ion  
nuclei, was the  cause t h a t  no fu r the r  in teres t  had been 
taken in his work.  AITKEN himself  expla ined  th is  experi-  
ment  so t h a t  some dir t  m u s t  have  been p resen t  which 
burned  on the  wire, and  thus  no special  exp lana t ion  of 
the origin of the  nuclei would be necessary.  

Today  we see the  s i tua t ion  d i f fe ren t ly :  Only recen t ly  
O'CONNOR et al. la have  s tud ied  the  nuclei p roduced  f rom 
glowing meta l  wires and  found t h a t  t hey  have  a rad ius  
of 1 × 10 -6 cm;  bu t  the i r  na tu re  is still u n k n o w n  today .  
Thus COUUER made  an i m p o r t a n t  new observa t ion  even 
in th is  second shor t  note  of 1875. 

I t  seems as ton i sh ing  t h a t  COULIER (lid no t  con t inue  
this  mos t  p romis ing  comple t e ly  new work. The explana-  
t ion is t h a t  less t h a n  one year  a f te r  his mos t  i m p o r t a n t  
discoveries,  in 1876, he left his chai r  of chemis t ry  and  
accepted  an a d m i n i s t r a t i v e  pos i t ion  as ' l n s p e c t e u r '  in the  
a r m y  medical  services I~, Obv ious ly  he even  did no t  t ake  
notice of AITKEN'S work on his p ro b l ems  du r ing  the  nex t  
15 years.  

PAUL-JEAN COULTER was born  in Par is  on Augus t  31 st, 
1824. He was a p h a r m a c i s t  and became  in 1853 professeur  
agr6g6 on the  'Ecole  de mddecine  e t  de pha rmac i e  mili- 
taire  du Val de Grttce'  in Par is  and f rom 1858 professor  
of appl ied chemis t ry  and hygiene.  

F r o m  his 30 papers  the  earl ier  deal t  wi th  b lood  and  
viruses,  the  la ter  wi th  hygiene  of soldiers, h ea t i n g  and  
ven t i l a t ion  15. This  obviously  lead h im to s t u d v  fo rma t ion  
of fogs. After  1876, when  lie took tip his new post ,  he  was 
especial ly  kuown for his f ights  for the  l iber ty  of medical  
op in ion  in mi l i t a ry  service. He died grea t ly  honou}'ed, on 
J u l y  23 r'l, 1890. 

Few know his name today,  bu t  he is men t ioned  in la ter  
reviews. (LANDSBF. RG 16, p. 160 a n d  p. 172, MASON 17, 
GREEN, a n d  ]*ANE18.) 

COUHER should be r emembered  as the  first  who 
showed  with ingeniously s imple  methods ,  and few words ,  
t he  exis tence ,  the  r61c and mos t  of the basic facts of 
a tmosphe r i c  condensa t ion  nuclei, 

I have to thank M&leeine-Colonel IIASSENFORI)I,:R of the Mus6e 
du Val de Graee, and the llibliothbque centrale du service de sant6, 
for the biographical data. 

Z t t s a m m e n l a s s u n ~  

1875 h a t  PAUL-JI':AN COULII.;R, Professor  fi.ir Chemic 
und Hygiene  an der  Medizinischen Milit/irschule Val de 
GrStce in Paris ,  mi t  e infachen Mit teln (lie Rolle der  at-  
mospht i r i schen Kondensa t ionske rne  bet der  Nebe lb i ldung  
e n t d e c k t  und viele wesent] iche Ta t sachen  beschr ieben .  
E r s t  5 J a h r e  sp/i ter  erfolgte die ers te  Arbei t  wm AITKEN. 
Die Geschichte  dieser  E n t d e c k u n g  und (tie Ursache  dafiir,  
dass  sic n ich t  besser  b ek an n t  wurde,  wird besprochen .  
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#anfais (Edit. Asselin, Paris 18s2), p. 06. 
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I3ei der  E r o b e r u n g  wm Mexiko lernten (tie Spanier  in 
den si idlichen Provinzen  eigenart ige t (u l thand lungeu  
kennen,  wS.hrend derer  sich (lie Te i lnehmer  durch  den 
Genuss  yon Hutp i lzen  in Trance verse tz ten .  P a t e r  
DE OLMOS ber ich te t  schlm um das J a h r  1543, dass  junge 
indianische M/inner und T6chte r  zur E r b a u u n g  der  ( ;Otter  
in b lumengeschmi ick ten  Tempe ln  t anz ten ,  wobei  der  
Sa tan  sie einen be rauschenden  Pilz e inuehmen  liess, so 
dass sic ihre Sinue verloren un(l Visionen sahen.  


