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The  sub jec t  of our  n e x t  work  will  be t he  resul ts  of 
b iochemica l  i nves t iga t ions  c o n d u c t e d  on l u m i n e s c e n t  
e x t r a c t s  for  t he  purpose  of  a sce r t a in ing  t h e  n a t u r e  of  
t he  e n z y m a t i c  r eac t ion  which  is respons ib le  for t h e  
luminescence .  

The authors wish to thank Prof. G. BOLLA and Prof. V. CAPRARO 
for useful suggestions and stimulating discussions. 
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Riassunto 

Alcuni  di  noi  r e c e n t e m e n t e  h a n n o  messo  in e v i d e n z a  
un ' emiss ione  di luce di  debole  in tens i th  nello spe t t ro  
visibile,  da  pa r t e  di semi  in ge rminaz ione .  E a r g o m e n t o  
del p resen te  l avoro  d iscutere  a leune  accu ra t e  misure  di 
in tens i th  luminosa  condo t t e  su semi  g c r m i n a n t i  e su loro 
e s t r a t t i  acquosi  in va r ie  condiz ion i  di e tk  del la  p lan tu le  
da  I a 20 giorni.  Viene  anche  s t u d i a t a  la  d ipendenza  del- 
l ' emiss ione  l uminosa  dal  p H  del la  soluzione e v iene  in- 
d i ca t a  la  d i s t r ibuz ione  spe t t r a l e  del la  luce emessa.  
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so lu t ion  a f te r  0, 0.5, 1, 2, 3, 5, 10, 20, and 35 rain. T h e  
resul t s  are  g iven  in F igu re  1; a cor rec t ion  for back-  
g round  has  been  app l i ed ;  we a t t r i b u t e  t he  s low de-  
crease a t  h igher  t i m e  per iods  to  an  e x c h a n g e  wi th  t h e  
i nward  pa r t  of  the  la t t i ce  of  BaSO4;  we the re fore  ex t r a -  
po la te  th is  p a r t  of t he  c u r v e  b a c k  to  t ----- 0 in o rder  to  
ob ta in  t he  t rue  equ i l i b r ium b e t w e e n  surface  and  precip-  
i t a t e ;  in this  w a y  we f ind :  F o r  t he  or iginal  solut ion a t  
t = 0 : 2829 counts / ra in .  F o r  the  so lu t ion  w h e n  equi l ib-  
r i u m  is reached,  cor rec t ion  app l i ed  for exchange  wi th  
t he  inward  pa r t  of the  la t t ice  : 1919 coun t s / r a in .  
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Fig. I . -  Number of ~,-counts/min of 4 em a of the solution as a 
function of the time of shaking, 

Area and Degree of Occupation of the Surface 
of Precipitates of Bar ium Sulphate 

Prec ip i t a t e s  of B a S O  4 were  p r epa red  b y  pour ing  2 1 
of  a 0.I  N h o t  so lu t ion  of  H2S04 in to  2 1 of a 0.1 N h o t  
solut ion of  BaCI,, unde r  c o n s t a n t  s t i r r ing ;  s t i r r ing  was 
con t inued  for 1 h ;  t h e n  the  p rec ip i t a t e  of B a S O  4 was 
separa ted  f rom the  solut ion,  washed  wi th  h o t  and  cold 
twice  dis t i l led water ,  washed  wi th  e thanol ,  and s tocked  
under  e thanol .  

P h o t o g r a p h s  of t he  p rec ip i t a t e  were t a k e n  w i t h  t he  
opt ica l  microscope  (1200 ×)  and  the  e lec t ron  micro-  
scope (3000 × and 10,000 × ) ;  t he  surface  ave rage  
par t ic le  d i a m e t e r  was 2.7 /~, co r respond ing  to  a specific 
surface a rea  of  0.51 m~[g. This  va lue  agrees  wi th  t h e  
va lue  g iven  b y  KOLTHOFF x (about  1 m2/g), b u t  n o t  w i th  
t h a t  g iven  b y  DE ~BROUCK]~RE 2 (about  80 m~/g). 

W e  t h e n  s tud ied  the  e x c h a n g e  of  Ba*- ions  (i.e. radio-  
ac t ive  Ba-ions) be tween  a s a t u r a t e d  so lu t ion  of Ba* SO4 
and p rec ip i t a t e  of BaSO, .  The  isotope used was Ba* 131, 
TV~ = 12 days,  e m i t t e r  of y-rays,  no  fl's. W h e n  AZIER- 
SHAM del ivered  the  rad ioac t ive  mater ia l ,  t h e y  warned  us 
t h a t  the  a c t i v i t y  was 600 t imes  h igher  t h a n  e x p e c t e d ;  
th is  mus t  be a t t r i b u t e d  to an error  in t he  a s sum ed  neu t ron  
cross-sect ion of Ba  130, a po in t  which  n o w  is be ing  in- 
v e s t i g a t ed  in AMERSHAM; for us i t  was a l ucky  c i r cum-  
s tance,  since i t  enab led  us to  solve our  p r o b l e m  easily.  

We  shook  100 c m  3 of  s a t u r a t e d  so lu t ion  of B a * S O ,  a t  
16°C, hence  c o n t a i n i n g  0.000215 g of B a S O i  pe r  I00 c m  3, 
or  5.54 × 10 x7 Ba-ions,  wi th  100 m g  p r e c i p i t a t e  of 
]3aSO4, and m e a s u r e d  the  ~-radio a c t i v i t y  of 4 c m  ~ of t he  
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F r o m  this  we ca lcu la te  t h a t  t he  surface  of BaSO4 
con ta ins  2.63 × 10 is Ba- ions/g .  W i t h  19.6 × 10 -x6 cm 2 
for  the  surface  a rea /molecu le  of B a S O  4, we f ind a surface 
a rea  of 0.515 m2/g BaSO4. 

W e  t h e n  s t ud i ed  t h e  adso rp t ion  of  c rys ta l  v io le t  
( h e x a m e t h y l  p a r a  rosani l ine)  ; m e t h y l e n e  b lue  

^ z/N. \ (YY , 
[ ( C H , ) $ N / ~ S / ~  -N  (CHa)~a+OH-; 

and picr ic  acid  b y  our  p rec ip i t a t e s  of BaSO4; t he  ad-  
sorp t ion  was measu red  by  m e a s u r i n g  (with a Cambr idge  
U n i c a m  SP  500 Spec t ropho tome te r )  t h e  d i f f e r e n c e  in 
ex t inc t i on  be tween  the  or ig inal  so lu t ion  and  t h e  so lu t ion  
in which  the  adsorp t ion  equ i l i b r i um w i t h  a p r ec ip i t a t e  
of  B a S O  4 had  es tab l i shed  i tself ;  m e a s u r e m e n t s  w i th  
c rys ta l  v io le t  showed  t h a t  e q u i l i b r i u m  was r eached  a f t e r  
30 min  shak ing ;  in all  ou r  e x p e r i m e n t s  we shook  solut ion 
and  p rec ip i t a t e  t o g e t h e r  for 1 h. 

W e  first  s tud ied  the  ex t i nc t i on  us a func t ion  of w a v e  
l eng th  for t he  3 subs tances ,  and  found  ex t inc t i on  
m a x i m a  for 

picric acid at 2 = 3550 A 
methylene blue at ). = 6630 A (and 2 = 6125 A) 
crystal violet at 2 = 5920 A (and 2 = 5410 A). 

We t h e n  es tab l i shed  ca l ib ra t ion  curves ,  g iv ing  the  
ex t i nc t i on  (for e a c h  subs t ance  a t  t h e  va lue  of  2 g iven  
above)  as a func t ion  of  concen t r a t ion .  

W e  t h e n  measu red  t h e  adso rp t ion  f rom a so lu t ion  
(about  10 cm3), in which  were  shaken  abou t  1.7 g of 
BaSO4; all  t he  solu t ions  had  p r ev ious ly  been s a t u r a t e d  
wi th  B a S O  4, and  all  the  ca l ib ra t ions  were  car r ied  o u t  
in solut ions ,  con t a in ing  the  dye stuff,  and  s a t u r a t e d  
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wi th  BaSOG the  concen t ra t ion  of the  or iginal  solut ions 
were (in the  case of m e t h y l e n e  blue) 11-54; 17-00; 30.8; 
51.4; 115,4; 218,4 and 308,0 rag/1. 

The  adsorp t ion  i so therms  (Fig. 2) ob ta ined  were of the  
L a n g m u i r  type,  excep t  t h a t  in the  cases of c rys ta l  v io le t  
and me thy lene  blue there  was a decrease of adsorp t ion  a t  
t he  h igher  concen t ra t ions ;  we also p lo t t ed  1/x ( q u a n t i t y  
adsorbed) as a func t ion  of  1/c (equi l ibr ium concen t ra t ion)  
and ob ta ined  (apar t  f rom the  excep t ion  jus t  men t ioned)  
s t ra igh t  lines which  could be e x t r a p o l a t e d  to 1/c = 0; 
this gave  us x~o; the  resul ts  were: 

Crystal violet: x = 0.10 mg/g BaSO¢ = 2.5 X 10 -~ mole/g 
Methyleneblue: x ~ =  0.066 mg/g BaSO 4 = 2.2 × 10 -~ mole/g 
Picric acid: xco = 0.040 mg/g BaSO 4 = 1-8 × 10 -~ mole/g 

If  we combine  these F igures  wi th  our  prev ious  va lue  
for the  surface area  of 1 g of p.p. of B a S O  4 (= 5150 era2), 
we ob ta in  the  fol lowing va lues  for the  surface area  oc- 
cupied  b y  i mole,  1 g or I molecule  of our  dye stuffs  in 
the  adsorbed  s ta te .  

m2/mole  

| 

Crystalviolet  . . . . .  I 206 × 104 
Methylene blue . . . .  [ 234 × 10 * 
Picric acid . . . . . .  286 × 104 

l m~/g A2/m°le- 
cule 

I 5 150 343 
7 800 390 

12 400 477 

On the  o the r  hand ,  100 A 2 seems to  be a reasonab le  
va lue  for the  surface  a rea  of a dyes tu f f  molecule ,  if we 
consider  the  s t ruc tu re  fo rmula  of the  molecule  and the  
lengths  of bonds ;  hence the  degree of occupa t ion  of the  
surface is found to be 30-22 %. 
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Fig. 2.-Adsorption isotherms on BaSe a of 
I.-Crystal violet; II.-Methylene blue; III.-Picric acid. 

LANGMUIR x has  t r e a t ed  t h e  p r o b l e m  of sur face  oc- 
cupa t ion  theore t i ca l ly ;  his t h e o r y  has empi r i ca l  fea tures  
(drawing f rom a pack  of shuff led cards) ; the  s t ruc tu re  of 
the  adsorbing surface is o1 grea t  impor t ance  in his theory .  

W e  dec ided  to  use t he  fol lowing empi r ica l  m e t h o d  for 
the  d e t e r m i n a t i o n  of t he  m a x i m m n  occupa t ion  of sur- 
face, where  t he  inf luence of the  s t ruc tu re  of the  ad- 
sorbing surface is neg lec ted :  we s t a m p e d  a big piece of 
pape r  wi th  a s t a m p  in an a r b i t r a r y  way,  bu t  we re- 
j ec ted  e v e r y  p r in t  cover ing  p a r t l y  an a l r eady  ex i s t ing  
p r i n t ;  our  s t a m p i n g  ended  wi th  care fu l ly  s t a m p i n g  all  
places where  the re  was stil l  space for a p r in t ;  we then  
c o u n t e d  the  n u m b e r  of pr in ts ,  and ca lcu la ted  the  degree 
of occupa t ion .  This  m e t h o d  gave  a degree of occupa t ion  
of 50 % for a c i rcular  of m o d e r a t e l y  el l ipt ic  s t amp ,  and 
30°,/0 for a r ec t angu la r  s t a m p  (5 × 1.5 cma). 

We th ink ,  therefore ,  t h a t  the  degree of occupa t ion  
rang ing  f rom 3 0 - 2 2 %  for our  molecules  of r a t h e r  
compl i ca t ed  shape is n o t  unreasonable .  

A. J .  RUTGERS and  
W ,  VAN D E N  H E U V E L  

Laboratorium voor physische Chemie, Rijhsuuiversiteit 
Ghent, Ju ly  26, 1955. 

Zusammen/assung 

Die spezif ische OberfI/ iche yon  BaSO4-Niedcrschl / igen 
wurde  b e s t i m m t  durch  Messung des Aus tausches  yon 
Ober f l / i chen-Ba- Ionen  m i t  ? - r ad ioak t iven  Ba~al - Ionen  
(spezifische Ak t iv i t / i t  e t w a  1 me/g) e iner  ges~t t ig ten  
BaSO4-L6sung.  Die spezif ische 0berf l / iche  war  5150 
cm*/g.  

D a n n  wurden  die Adso rp t i ons i so the rmen  yon  Fa rb -  
s toffen (Kris ta l lv io l~t t ,  Me thy lenb lau  und  Pikr ins~ure)  
an  der  Oberf l~che yon  BaSO, -Te i l chen  b e s t i m m t .  U n t e r  
der  A n n a h m e ,  dass jedes Fa rbs to f fmolek i i l  im adsor-  
b ie r ten  Zus t and  eine Oberfl~che yon  100 A ~ e inn immt ,  
ergab sich ein m a x i m a l e r  Bese tzungsgrad  yon  22----30 %. 

S e g r e g a t i o n  of  B i v a l e n t s  in  M e i o s i s  I n d u c e d  
b y  C h e m i c a l s  

Analys is  of the  effects  of chemica ls  on grasshopper  
ch romosomes  m a d e  in th is  l a b o r a t o r y  has  shown t h a t  
a m o n g  t h e  m a j o r  changes  induced  by  a v a r i e t y  of 
chemica ls  on meiosis  is t he  r e m a r k a b l e  p h e n o m e n o n  of 
the  bod i ly  m o v e m e n t  of b iva len t s  to  t he  poles  in ana-  
phase  1, ins tead  of the i r  separa t ion  in to  un iva len ts .  An 
accoun t  of it  was p resen ted  as seen in u r e thane  affected  
nleiosis l ;  b u t  a more  recent  e x a m i n a t i o n  of mater ia l  
t r e a t ed  w i t h  a n u m b e r  of o the r  chemica l s  has  demon-  
s t r a t ed  this  as a widespread  p h e n o m e n o n .  I n  such c lear ly  
d i f fe ren t  chemica l s  as t h e  n i t rogen  mus ta rds  and  sod ium 
ribose nuclea te ,  meiosis  is a f fec ted  in such a m a n n e r  as 
to  p resen t  the  appea rance  of a c lear  segrega t ion  of 
b iva len ts .  

Poecilocera picla (Acrididae) was used as the  an ima l  
for s tudy .  Spec imens  were  in jec ted  wi th  t he  fol lowing 
chemica ls  in n o r m a l  sa l ine:  (a) e thy l  u re thane ,  2%, 
(b) n i t rogen  m u s t a r d  [d i (2 -ch lo roe thy l ) -methy t -amine-  
hydrochlor ideq,  0"1%, and  (c) sod ium ribose nuc lea te  
(from yeast) ,  0 .1%. I n  each case, 0.4 ml  of the  solut ion 
was in jec ted  in to  the  pos te r io r  a b d o m e n  of the  grass- 
hopper .  At  va r ious  in t e rva l s  af ter  in jec t ion ,  t h e  tes tes  
were  r e m o v e d  and  f ixed  in Ca rnoy ' s  f luid and  Feu lgen  
squashes  were  made .  Sect ions  were  also cu t  (10/~ thick) 
and  s ta ined  in Feu lgen- l igh t  green and  H e i d e n h a i n ' s  
h a e m a t o x y l i n .  W i t h  u re thane ,  6 h a f te r  in ject ion,  abou t  
half  t he  n u m b e r  of meio t ic  anaphases  showed b iva l en t  

I I. LANGMUIR, J. chem. See. 1910, 335. 1 p. K. NAMmAR, Cytologia (in press). 


