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Odor and Molecular  Vibration: R e s p o n s e  to N i t r o b e n z e n e - d  5 of Honey  Bees  (Apis 
mellifera L.)  C o n d i t i o n e d  w i t h  N i t r o b e n z e n e  

BARKER e t a ] .  ~ showed  t h a t  h o n e y  bees, A p i s  melli /era 
L., cond i t ioned  to  b e n z a l d e h y d e  would also respond ,  b u t  
less s t rongly,  to  n i t robenzene .  Th i s  was  t a k e n  to ind ica te  
t h a t  t h e y  recognized a s imi la r i ty  b u t  no t  a n  i d e n t i t y  in t he  
q u a l i t y  of t he  odor. W h e n  bees cond i t i oned  to n i t ro -  
benzene ,  CGH~NO2, were exposed to  t he  ful ly d e u t e r a t e d  
c o m p o u n d ,  C~DsNO ~, (n i t robenzene-Ds) ,  t h e  response  
was t he  same as to  o r d i n a r y  n i t robenzene .  Since deu te ra -  
t ion  would  a l t e r  t he  molecu la r  v i b r a t i o n  f requencies  b u t  
no t  t he  molecu la r  shape,  the  bees '  i nab i l i t y  to  d i sc r imina te  
be tween  t h e  d e u t e r a t e d  a n d  n o r m a l  c o m p o u n d s  led 
these  au tho r s  to  infer  t h a t  ' e lec t ronic  s t r u c t u r e  a n d  force 
fields are i nvo lved  in odor  d i s c r i m i na t i on '  a n d  t h a t  
v i b r a t i o n  f requencies  are  not .  

Th i s  inference  would  be  va l i d  if ~he effect  on  t h e  
v i b r a t i o n  f requencies  were  suff ic ient ly  large, b u t  B a r k e r  
e t  al. 1 d id  no t  record  f requencies  be low a b o u t  500 cm -~ 
which,  on  q u a n t u m  grounds ,  are  t h e  only  ones l ikely to  be  
assoc ia ted  w i t h  o l fac tory  s t i m u l a t i o n  ~. 

Dr.  BARKER was k ind  e n o u g h  to send t he  wr i t e r  t he  
n i t robenzene-D5  lef t  a f t e r  his  t es t s  so t h a t  t h e  low- 
f r equency  a b s o r p t i o n  m a x i m a  could  be  c o m p a r e d  w i t h  
those  of o r d i n a r y  n i t robel lzene .  T he  spec t r a  were recorded  
us ing  a P e r k i n - E l m e r  Model  301 F a r  I n f r a r e d  Spectro-  
p h o t o m e t e r  w i t h  t he  samples  d issolved in  n - h e p t a n e  and  
m o u n t e d  in p o l y e t h y l e n e  cells. The  resu l t s  are shown in 
t he  Figure.  
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Oscillatory movements associated with the far IR-absorption maxi- 
E t a .  

It is evident that deuteration did not change the 
frequencies by more than i0 cm -I or at most about 4% 
which is scarcely enough to be osmically significant. The 
Figure shows that the oscillatory movements or 'normal 
modes' associated with the far IR-absorption maximahave 
a 'whole molecule' character that makes them relatively 
insensitive to deuteration. For example, the stretching 
mode  nea r  390 cm -1 can  be p i c t u r e d  to a f i rs t  a p p r o x i m a -  
t i on  as an  u p p e r  b lock  of 2 C - H  groups  plus  a C-NO2 group  
v i b r a t i n g  aga ins t  a lower b lock  of 3 C H groups.  The  
masses  of the  2 groups  are, respect ive ly ,  84 a n d  39. Fo r  a 
s imple  h a r m o n i c  mot ion ,  t he  f requency,  v, is g iven  b y  

v = ~ -  

where  k is t he  res to r ing  force c o n s t a n t  and  ~ is t he  
' r educed  mass '  of t he  s y s t e m :  

m 1 �9 m 2 

F o r  t he  s t r e t c h i n g  m o d e  of o r d i n a r y  n i t r o b e n z e n e  t h e  
r educed  mass  is a p p r o x i m a t e l y  26.6 and  for t h e  ful ly  
d e u t e r a t e d  c o m p o u n d  the  va lue  becomes  28.2. The  
dif ference in t h e i r  squa re  roots  is 0.15 or  a b o u t  2.9%. 
The  obse rved  sh i f t  in  t he  f r equency  is 9 cm -1, or a b o u t  
2.3%. 

I n  some earl ier  expe r imen t s ,  I)OOLITTLE et  al. a found  
t h a t  d e u t e r a t i n g  4 - ( p - h y d r o x y p h e n y l ) - 2 - b u t a n o n e  ace t a t e  
( 'cue lure ')  d id  no t  af fec t  i ts  ab i l i t y  to  a t t r a c t  t he  me lon  
fly, Daces  curcurbitae Coq. ; a n d  t h e  far  I R - s p e c t r a  t h e y  
recorded  also showed re l a t ive ly  smal l  f r equency  shi t ts ,  
e.g., f rom 199 to 192 c m - L  

I n  general ,  therefore ,  i sotopic  s u b s t i t u t i o n  does no t  
usua l ly  affect  t he  osmica l ly  s ign i f ican t  f requencies  
enough  to mod i fy  t he  odor, t h o u g h  i t  m a y  do so in a few 
cases such  as t h a t  of n a p h t h a l e n e  where  t h e r e  does seem 
to be  a pe rcep t ib le  di f ference in t he  smel l  a n d  t h e  fre- 
quencies  are sh i f ted  b y  comple t e  d e u t e r a t i o n  f rom 363 a n d  
183 to 331 and  169 cm -1 4 

I t  can  be  conc luded  t h a t  the  fa i lure  of d e u t e r a t i o n  to 
modi fy  t he  insects '  o l fac to ry  responses  in no  way  confl ic ts  
w i t h  t he  v i b r a t i o n  t h e o r y  oI o l fac to ry  specificity,  a t h e o r y  
w i t h  a so-far un r iva l l ed  record  of p red ic t ive  successes 5. 

Zusammen/assung .  Nachweis ,  dass  die moleku la re  
V i b r a t i o n s f r e q u e n z  yon  voll  deu t e r i u rn i e r t em  Ni t ro-  
benzo l  im Bere ich  u n t e r h a l b  500 cm -1 sich h 6 c h s t e n s  u m  
4 %  yon  j ene r  des n o r m a l e n  Ni t robenzo l s  un te r sche ide t .  
Das  U n v e r m 6 g e n  yon  Bienen ,  die be iden  S u b s t a n z e n  
o l fak tor i sch  zu un te r sche iden ,  sp r i ch t  dahe r  o f fenbar  
n i c h t  gegen die V i b r a t i o n s t h e o r i e  e ther  ge ruch l i chen  
W a h r n e h m u n g .  
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