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Table III. Killing action of group A bacteriocin No. 5 against S. marcescens indicator isolate No. 1 in the presence or absence of rifampin 

Time (rain) following Baeteriocin No. 5 added to cells of S. marcescens indicator (i) isolate No. 1 

exposure to baeterioein 1 iS ~ 1 iS + 100 ~tg/ml rifampin 1 iR~ -t- 10O [.tg/ml rifampin 1 iS (control) 

0 1.3 • 10 tb 1.3 • 104 1.4 x 10 ~ 1.3 x I0 ~ 
10 2.0 • 101 5.0 • l0 t 1.0 • 101 -- 
30 1.5• 101 1.5 • 101 0 1.3 X 104 

S denotes sensitive to riiampin, R indicates resistant to rifampin. ~ Number of colony-forming units/ml {survivors). 

f inding t h a t  h igh- t i t e red  bacter iocin  p repa ra t ions  could 
overcome the  i m m u n i t y  of bacter iocinogenic  cells to  the i r  
own bacter iocins  conf i rms previous  observa t ions  n-~3. The 
failure of r i f ampin  to  abolish the  i m m u n i t y  of exposed 
bacter iocinogenic  ceils to  the i r  own group A bacter iocins  
was p robab ly  due to  t he  fact,  t h a t  these  cells had  syn the -  
sized adequa te  a m o u n t s  of i m m u n i t y  susb tance  ~4 before 
the i r  exposure  to  r i fampin.  Conceivably  the  catabol ic  
t u rnove r  of th is  i m m u n i t y  subs tance  is r a the r  slow, so t h a t  
suff icient  amoun t s  of th is  inhibi tor  were stiff p r e sen t  af ter  
exposure  of t he  bacter iocinogenic  ceils to  r i fampin .  

Zusammen/assung. Ri famp in  blockier te  die Induktioi1 
yon  Gruppe  A Bakter ioz inen  in bak te r ioz inogenen  Serratia 
marcescens Zellen; d e m n a c h  sche in t  die I n d u k t i o n  dieser 
Bakter ioz ine  auf  funkt ions t i ich t iger ,  DNS-abhKngiger  

R N S - P o l y m e r a s e  der  Wir tszel len  zu beruhen.  R i f ampin  
h a t t e  ke inen  Einf luss  auI die Empf ind l i chke i t  yon  Indi -  
katorzel len auI Gruppe  A Bakter ioz ine ;  demzufolge 
scheint  die bakter iz ide  W i rk u n g  dieser Bakter ioz ine  un-  
abhiingig yon  P ro t e i n s y n t h e s e  du tch  Ind ika torze l len  zu 
seth. 
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P R O  E X P E R I M E N T I S  

T h i n  L a y e r  C h r o m a t o g r a p h y  o f  M e t a l  I o n s  o n  a N e w  S y n t h e t i c  I n o r g a n i c  I o n - E x c h a n g e r  

Ion-exchange  th in  layer  c h r o m a t o g r a p h y  of inorganic 
species has  been reviewed b y  LXI)ERER ~. However ,  ve ry  
few a t t e m p t s  have  been m a d e  wi th  t he  use of syn the t i c  
inorganic  ion-exchangers  in t h i n  layer  c h r o m a t o g r a p h y  e-*. 
QURESHI et  at. s - l l  have  recent ly  syn thes ized  a few new 
inorganic  ion-exchangers  and  papers  i m p r e g n a t e d  wi th  
some of these  ion-exchangers  have  been  used successfully 
in ch roma tograph ic  separa t ion  of me ta l  i o n s ~ - ~ s  As far  
as we are aware,  s tannic  a rsena te  a new syn the t i c  in- 
organic ion-exchanger  n has no t  been used for t h i n  layer  
c h r o m a t o g r a p h y  of me ta l  ions. The p resen t  work was 
therefore  u n d e r t a k e n  to  s t u d y  the  ch roma tograph ic  be- 
hav iour  of 38 meta l  ions on combined  th in  layers of 
s tannic  a rsena te  gel and  silica gel using 15 buffer  solutions.  
As a result ,  a n u m b e r  of useful and  in te res t ing  separa t ions  
have  been  developed,  and some i m p o r t a n t  separa t ions  are 
summar ized  in th is  paper .  

Experimental. Appara tus :  A 'Quickfi t '  t h i n  layer  ap- 
pa ra tus  was  used. D e v e l o p m e n t  was pe r fo rmed  in 22 • 24 
cm circular glass t anks  using the  ascending method .  

Reagen t s :  Chemicals and  solvents  were e i ther  E. Merck 
or Riedel.  Silica gel GF  (E. Merck) was used. 

P repa ra t i on  of ton-exchanger  p la tes :  0.05 M solut ions 
of s tannic  chloride and  sod ium arsenate  were mixed  
toge the r  in vo lume ra t io  (3:2). The mix tu re  was cont in-  
uously s t i r red dur ing  which a whi te  gel was formed,  the  
p H  of the  geI was ad jus ted  to  1 using 6 M nitr ic  acid. This 
gel was left overnight .  The gel was washed  3 or 4 t imes  
wi th  dist i l led water .  The supe rna t ed  l iquid was r emoved  
completely .  Now 50 cm ~ of th is  we t  gel was mixed  wi th  
14 g of Silica gel GF, This  s lurry was used to  coat  5 clean 
glass p la tes  (20 • 20 cm) using the  Quickfi t  appa ra tus  pre- 
se t  to give an appl ied  layer  0.25 m m  thick.  These p la tes  

were  dr ied  in a ho t  oven at  105 ~ ~ for 1 h and  t h e n  
were s tored in an oven at  room t empera tu r e ,  a f te r  t h a t  
t h e y  were used as such. 

Cation solut ions:  0.2 M solut ion of chlorides, n i t r a tes  or 
su lpha tes  of mos t  of the  cat ions  were  p r ep a red  in 0.2 214 
solut ion of the  cor responding  acids. A n t i m o n y ( I I I )  and 
B i smu th ( I I I )  chlorides were  p repa red  (0.1 M) in 30% 
(v/v) HC1 solution.  Selenium dioxide was dissolved in 
wa te r  and  made  alkaline w i th  1 M K O H  solution.  Ceric 
su lpha te  was p r ep a red  in 3 N H~SO~. Mercuric n i t r a t e  
solut ion was p repa red  in 0.5 N H N O  3, As~O3 and  Be(NO3)2 
were dissolved in 1% H N O  3, and  1% solut ion of t he  
Gold(III)  chloride was p repared  in 4 M hydrochlor ic  acid. 
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Table I. Separation of 1 cation from numerous metal ions on ioii-exachaiige plates as predicted by Rf values 

989  

Metal ion separation Solvent system Ions that interfere Time (min) 
(R~-R~) 

V +~ (0.55-0.86) 
from 28 cations 
Ge +~ (0.18-0.41) 
from 30 cations 
Ba +~ (0.00-0.00) 
from 33 cations 
W +6 (0.00-0.09) 
from 33 cations 

1M Ammonium nitrate + 0.5M 
nitric acid (1 : 1) 
0.25 M Ammonium oxalate + 
0.1 M oxaiic acid (1 : 1) 
2M I-IBr + 2M Ammonium 
bromide (1 : 1) 
2M HBr + 2M NHdBr (1:1) ' 

Fe+~, Fe+a, Cu+~, Ce +a, Mo +a, Ce +~, UO l+~ , As +a, Cd +~, Hg~ +". 10 

Bi +a, Sb +a, Fe +a, Fe +2, Zr+a; Se +~, Ce +~. 8 

Ge+~, Fe +a, Fe +e, Sb+ a, Ag+, W+K 13 

Ba+~, Ge +~, Fe +a, Fe+2, Sb +a, Ag+. 13 

Table II. Separations practically achieved on ion-exchanger Plates 

Solvent system Separations achieved (R~-RL) Time (min) 

1M Ammonium acetate + 1M acetic acid (1:2) 

1M Citric acid + phenol (600 cm 3 + 0.5 g) 
+ NH 3 solutioii tiU a pH of 4.5 

1M Ammonium IIitrate + 0.5 M HNO a (1 : 1) 

1M NHdC1 + 0.1M ttCI (1:1) 

3 M Citric acid + 1M ammonium citrate (1:2) 

0.1M Ammonium molybdate + 0.2M nitric acid 
(1:1) 

Pb +2 (0.00-0.23) Cd +2 (0.91 1.00) 
Cr +3 (0.00-0.18) Mn +2 (0.86-1.00) 
Ag + (0.00-0.00) Ce +3 (0.80-0.86) Hg +2 (0.95-1.00) 
Se +4 (0.00-0.45) Hg +2 (0.91-1.00) 
Pb +~ (0.14-0.64) Hg +e (0.91-1.00) 
Ag + (0.00-0.00) Bi +a (0.36-0.95) 
As +3 (0.64-0.77) Me +6 (0.91 1.00) 
Sb +8 (0.00 0.04)As +3 (0.64-0.73)Cd +2 (0.82-0.95) 
Ag + (0.00-0.00) Pb +2 (0.04-0.27) Hg+~ (0.91-1.00) 
Pb +2 (0.06-0.27) Mn +2 (0.91-1.00) 
Ag + (0.00-0.00) Se +4 (0.04-0.36) Pd +2 (0.82-1.00) 
Pb +2 (0.00-0.36) Pd +2 (0.82-1.00) 
Ag + (0.00-0.00) Pb +2 (0.04-0.50) Cu +2 (0.82-0.95) 
Se+~ (0.00-0.32) Me+6 or Au+a (0.87 0.91) 
Cd +2 (0.77-0.85)Zn+2 (0.88-0.95) 
Pb +2 (0.00 0.09) ZI1 +~ (0.86-0.95) 
Pb +2 (0.00 0.09) As +3 (0.73-0.76) Hg +~ (0.86-0.95) 

15 
15 
15 
17 
17 
17 
17 
10 
10 
10 
12 
12 
44 
44 
11 
11 
11 

D e t e c t o r s :  0 .1% a lcoho l i c  s o l u t i o n  of A l i za r ine  r e d  S 
w a s  u s e d  to  d e t e c t  Ce+a, Ce+4, Zr+4 a n d  Ca+~. 5 % a q u e o u s  
s o l u t i o n  of  s o d i u m  s u l p h i d e  w a s  u s e d  to  d e t e c t  Ag+, p b + ~  
Hg~+2, t-Ig+~, Bi+a, T I +  Cd+2, As+a, Sb+a, pd+2 a n d  Cu+~. 
S t a n n o u s  c h l o r i d e  in  c o n c e n t r a t e d  HC1 w a s  u s e d  to  d e t e c t  
An+a, pt+4, Me+6, W+6 a n d  Se +4. Al+a a n d  Be+2 w e r e  
d e t e c t e d  b y  1% a lcoho l i c  s o l u t i o n  of  a l u m i n o n .  D i p h e n y l -  
c a r b a z i d e  w a s  u s e d  to  d e t e c t  M n  +2, Cr+3, Ir+~ a n d  Zn+~. 
Fe+~, V+5, UO~+2 were  d e t e c t e d  w i t h  a q u e o u s  KdFe(CN)6 
so lu t ion .  Mg+ ~ w a s  d e t e c t e d  w i t h  q u i n a l i z a r i n e .  A f r e s h  
5 %  a q u e o u s  s o l u t i o n  of  s o d i u m  r h o d i z o n a t e  w a s  u s e d  to  
d e t e c t  Ba+~ a n d  Sr+2. Ge  +4 w a s  d e t e c t e d  b y  p h e n y l f l u o r o n e  
so lu t ion .  

P r o c e d u r e  : T h e  t e s t  s o l u t i o n s  w e r e  a p p l i e d  on  t h e  p l a t e  
u s i n g  t h i n  g lass  cap i l l a r ies .  T h e  s o l v e n t  w a s  a l l o w e d  to  
a s c e n d  11 c m  from t h e  s t a r t i n g  l ine  on t h e  p l a t e  in  all  
cases .  T i m e  of  t h e  d e v e l o p m e n t  h a s  b e e n  spec i f i ed  w i t h  
e a c h  so lven t .  A f t e r  t h e  d e v e l o p m e n t  was  over ,  t h e  p l a t e s  
w e r e  d r i e d  in  t h e  a i r  o v e n  a n d  t h e  c a t i o n s  w e r e  d e t e c t e d  
w i t h  r e s p e c t i v e  r e a g e n t s .  

Results. T h e  i o n - e x c h a n g e r  s t a n n i c  a r s e n a t e  is so se lec-  
t i v e  t h a t  in  m a n y  cases  one  m e t a l  i on  c a n  be  s e p a r a t e d  
f r o m  n u m e r o u s  m e t a l  ions .  F e w  of  t h e m  are  r e c o r d e d  in  
T a b l e  I. A l a rge  n u m b e r  of  b i n a r y  a n d  t e r n a r y  i m p o r t a n t  
s e p a r a t i o n s  w e r e  f o u n d  pos s ib l e  a n d  w e r e  p r a c t i c a l l y  
a c h i e v e d .  S o m e  of  t h e m  a re  r e p o r t e d  in  T a b l e  I I .  To  g ive  
a c lea r  p i c t u r e  of  t h e  spo t ,  i n s t e a d  of s i m p l y  g iv ing  t h e  R f  
v a l u e  of  t h e  spo t ,  t h e  R f  of  t h e  f r o n t  l i m i t  (R~) a n d  R f  of  
t h e  r e a r  l i m i t  (Rw) a re  g iven .  

Discussion. I t  is c l ea r  f r o m  t h e  r e su l t s  t h a t  t h i n  l aye r s  
of  t h e  stanll iC a r s e n a t e  c o m b i n e d  w i t h  s i l ica  ge l  a r e  ex-  
c e e d i n g l y  use fu l  fo r  m e t a l  ion  s e p a r a t i o n s .  A t t e m p t s  t o  

p r e p a r e  t h e  t h i n  l a y e r s  w i t h  s t a n n i c  a r s e n a t e  gel  a lone  
w e r e  n o t  success fu l .  T u n g s t e n  c a n  b e  s e p a r a t e d  in  13 ra in  
f r o m  33 m e t a l  ions  i n c l u d i n g  Me+ 6, Cr+a etc .  w h i c h  in-  
t e r f e r e  in  i t s  d e t e r m i n a t i o n .  T h e  s e p a r a t i o n  o f  G e r m a n i u m  
f r o m  n u m e r o u s  m e t a l  ions  r e p o r t e d  h e r e  is a n  i m p r o v e -  
m e n t  o v e r  t h e  a v a i l a b l e  p a p e r  c h r o m a t o g r a p h i c  m e t h o d  la 
a n d  is p r o b a b l y  t h e  f a s t e s t  s e p a r a t i o n  o f  Ge  +4 y e t  r e p o r t e d .  
I m p o r t a n t  b i n a r y  a n d  t e r n a r y  s e p a r a t i o n s  h a v e  a lso  b e e n  
a c h i e v e d  w i t h  g r e a t  ease ,  t o  m e n t i o n  a f ew  Sb+3-As+3-Cd+2, 
V+5-Mn +~, Cd+~-Zn +2 e tc .  T h i n  l a y e r  c h r o m a t o g r a p h y  is 
k n o w n  for  i t s  s p e e d y  s e p a r a t i o n s .  H o w e v e r ,  w h e n  a 
s y n t h e t i c  i n o r g a n i c  i o n - e x c h a n g e r  is e m p l o y e d  fas t ,  selec-  
t i v e  a n d  c lea r  s e p a r a t i o n s  a r e  o b t a i n e d ,  T h e  s e p a r a t i o n  
p o t e n t i a l  of t h i s  i o n - e x c h a n g e r  in  m i x e d  o r g a n i c  s o l v e n t  
s y s t e m s ,  of fers  f u r t h e r  s t u d y  a n d  t h e  w o r k  is in  p r o g r e s s  16. 
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