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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). 
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seg rega t ion .  I n  n i t r o g e n  m u s t a r d  t r e a t e d  fo rms ,  t h i s  
p h e n o m e n o n  was  f i r s t  seen  8 h a f t e r  t r e a t m e n t ;  b u t  
l a rge  n u m b e r s  of a f f ec t ed  a n a p h a s e s  s h o w i n g  c lea r  bi-  
v a l e n t  s e g r e g a t i o n  were  seen m u c h  la te r ,  a n d  up  to  
5 d a y s  a f t e r  i n j ec t ion .  S o d i u m  n u c l e a t e  t r e a t e d  f o r m s  
also e x h i b i t  t h e  s a m e  p h e n o m e n o n .  12 h a f t e r  i n j e c t i o n  
a few nuc le i  show b i v a l e n t  s e g r e g a t i o n .  T h e  n u m b e r  
inc reases  g r a d u a l l y  un t i l ,  b y  a b o u t  30 h,  a v e r y  la rge  
p e r c e n t a g e  e x h i b i t s  t h i s  pecu l i a r i t y .  

t h e  poles.  I t  s eems  more  p r o b a b l e  t h a t  t h e  c h e m i c a l s  
a f fec t  t h e  c e n t r o m e r e  r a t h e r  t h a n  t h e  sp indle .  Th i s  v iew 
o b t a i n s  a d d i t i o n a l  s u p p o r t  f r om t h e  fac t  t h a t  occas iona l ly  
a few b i v a l e n t s  o c c u r  on  t h e  s p i n d l e  in  a d i s o r i e n t a t e d  
m a n n e r .  T h e  c o n c l u s i o n  s e e m s  i r res i s t ib le  t h a t  t h e  
c h e m i c a l  h a s  i n a c t i v a t e d  t h e  c e n t r o m e r e s  or  in  some  w a y  
r e n d e r e d  t h e m  ine f f ec tua l  so t h a t  t h e  b i v a l e n t s  are  ca r r i ed  
pas s ive ly  to  t h e  poles  or are  lef t  b e h i n d  on  t h e  sp indle .  
A n  u p s e t  in  t h e  nucle ic  ac id  c h a r g e  in  t h e  c h r o m o -  

Fig. 1 .-Segregation of bivalents, 
6 h after injection with 
9,% urethane solution. 

x 1600. 

Fig. 2,-Segregation of bivaleuts;  Fig, 3.-Segregation of bivalcnts. 
autosome lagging. 12 h after X-chromosome lagging 8 h after 
injection with 0.1% solution injection with 0.1% solution of 

of sodium ribose nucleate, nitrogen mustard. 

x 1600. × 1600. 

T h e  s e g r e g a t i o n  m i g h t  i n v o l v e  all  n ine  b i v a l e n t s  so 
t h a t  t h e y  b e c o m e  d i s t r i b u t e d  b e t w e e n  t h e  t w o  poles,  t h e  
X - c h r o m o s o m e  a lso  s e g r e g a t i n g  as  in  n o r m a l  a n a p h a s e  
(Fig. 1). Mos t  o f ten ,  t h e  s e g r e g a t i o n  ensu re s  a d i s t r i b u -  
t i on  of 5 a n d  4 b i v a l e n t s  t o  t h e  poles  b u t  occas iona l ly  
a d i s t r i b u t i o n  of 6 a n d  3 is a lso found .  I n  a n u m b e r  of in-  
s t ances ,  one b i v a l e n t  (Fig. 2), a n d  s o m e t i m e s  t h e  
X - c h r o m o s o m e  (Fig. 3), is l e f t  b e h i n d  on  t h e  sp ind le .  

To  ou r  knowledge ,  t h i s  p h e n o m e n o n  of b i v a l e n t  se- 
g r e g a t i o n  has  no  para l le l .  T h e  o n l y  c o m p a r a b l e  i n s t a n c e  
is t h a t  r e p o r t e d  b y  AUERBACH 1 in Drosophila where ,  as 
a r e s u l t  of t r e a t m e n t  w i t h  n i t r o g e n  m u s t a r d ,  t h e  t r e a t e d  
X - c h r o m o s o m e  a n d  u n t r e a t e d  n o r m a l  X - c h r o m o s o m e  
m o v e  t o  t h e  s a m e  pole  d u r i n g  oogenesis .  I n  t h e  p r e s e n t  
case,  h o w e v e r ,  i t  m u s t  be  p r e s u m e d  t h a t  a l l  c h r o m o s o m e s  
in t h e  cel l  a re  a f fec ted  b y  t h e  c h e m i c a l .  I t  s eems  diffi- 
cu l t  t o  a c c o u n t  for  t h i s  s eg rega t ion  e x c e p t  on  t h e  bas i s  
of a c h a n g e  b r o u g h t  a b o u t  in  t h e  c e n t r o m e r e s  of t h e  
b i v a l e n t  in  t h e i r  a t t r a c t i o n - r e p u l s i o n  r e l a t i o n s h i p s  w i t h  
r e fe rence  to  t h e  c e n t r o s o m e s .  DARLINGTON'S ~ v iews  t h a t  
t h e  f o r m a t i o n  of t h e  sp ind le  a n d  t h e  successfu l  o r i e n t a -  
t i o n  a n d  m o v e m e n t  of t h e  c h r o m o s o m e s  o n  i t  d e p e n d  
on  a b a l a n c e  in t h e  s t r e n g t h  a n d  t i m i n g  of t h e  cycles  a n d  
r e p u l s i o n  of t h e  c e n t r o m e r e s  a n d  c e n t r o s o m e s ,  l ead  one  
to  conc lude  t h a t  in t h e  p r e s e n t  case t h e  n o n - s e p a r a t i o n  
of t h e  u n i v a l e n t s  a n d  t h e  bod i ly  m o v e m e n t  of t h e  b i v a -  
l e n t s  t o  t h e  poles  m u s t  be  due  to  a n  u p s e t  of  t h e s e  
r e l a t i o n s h i p s .  T h a t  t h e  sp ind le  is a c t i n g  m o r e  or  less 
n o r m a l l y  is c lear  f r o m  t h e  m o v e m e n t  of t h e  b i v a l e n t  to  

somes  r e n d e r i n g  t h e  u n i v a l e n t s  u n a b l e  to  s e p a r a t e  seems  
a lso  poss ible .  

B. R.  SESHACHAR a n d  P. K.  NAMBIAR 

Departme~t o/ Zoology, University o/ 3Iysore, Central 
College, Baugalore (India), August 30, 1955. 

Z usam men]ass u ~zg 

U r e t h a n ,  Senfgas  u n d  t R i b o s e - N u k l c a t - N a t r i m n  schei -  
h e n  alle dic Meiose de r  H e u s e h r e c k e  au f  eine i n t e r e s s a n t e  
A r t  u n d  Weise  zu bee in f lussen .  I n  A n a p h a s e  I v e r u r -  
s a c h e n  sie e ine  A b s p a l t u n g  yon  zwe iwer t igen  E i n h e i t e n ,  
die,  a n s t a t t  s ich in e inwer t ige  E i n h e i t e n  zu te i len ,  Ms 
G a n z e  n a c h  d e n  P o l e n  w a n d e r n .  

O n  t h e  M u l t i p l e  S e x  C h r o m o s o m e  M e c h a n i s m  
i n  a L y g a e i d ,  Oxyearenus hyalinipennls ( C o s t a )  

Mul t ip l e  sex  c h r o m o s o m e  m e c h a n i s m s  h a v e  b e e n  
desc r ibed  in n u m e r o u s  species  of h e t e r o p t e r a  b e l o n g i n g  
to  a t  l eas t  t e n  d i f f e ren t  f ami l i e s  1 of w h i c h  t h e  fami l ies  
R e d u v i i d a e  a n d  N e p i d a e  h a v e  a f fo rded  m a x i m u m  
ev idence .  I n  t h e  f a m i l y  L y g a e i d a e ,  o n l y  few e x a m p l e s  
of such  a m e c h a n i s m  h a v e  b e e n  r e p o r t e d  f r o m  t h e  
sub fami l i e s  Lygae inae2 ,  a a n d  R h y p a r o c h r o m i n a e  a, t h e  

1 C. AUERBACH, Genetics 32, 3 (1947). 
C. D. DARLINGTON, Recent Advances il~ Cytology (Churchill, 

London 1937}, 2 nd ed. 

1 F. SCtIRADER, Evolut ion I, 134 (1947}. 
z S. D. SCHAeHOW, Anat.  Anz. 75, 1 (1932). 
a E. vo~ PFALER-COLLAt~DER, Acta zool. Fenn. 80, 1 (tVtl). 
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