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SPECTROSCOPY LETTERS, 1 9 ( 3 ) ,  265-275 (1986)  

INTENSITY OF THE SECONDARY TRANSITION OF SEVERAL ANILINIUMS 

I N  AN A C I D  MEDIUM 

* A.Darry-Henaut and B.Vida1 

L a b o r a t o i r e  de Spec t roscopie  de  l a  R & a c t i v i t &  Chimique, 

Centre  de Spectrochimie,  U.E.R. de Chimie C 2 ,  

U n i v e r s i t e  des  Sc iences  e t  Techniques d e  L i l l e  

59655 Vil leneuve d'Ascq Cedex (France)  

The W spectrum of t h e  secondary t r a n s i t i o n  (towards 260 nm ) 

of t h e  a n i l i n i u m  i o n  ($NH ) undergoes an i n c r e a s e  of i t s  i n t e n s i t y  

when t h e  a c i d i t y  of  t h e  medium increases a t  pH < 0 f u r t h e r  than  t h e  

complete p r o t o n a t i o n  of t h e  amine s p e c i e s .  That phenomenon h a s  been 

s t u d i e d  i n  a preceding  work (')('), showing a l s o  t h a t ,  c o n t r a r y  t o  

t h e  accepted opin ions  i n  UV spectroscopy ( 3 )  ( 4 )  (5) ,  ammonium groups 

may i n t e r a c t  by a "through space" coupl ing w i t h  t h e  TI c loud .  That 

coupl ing  could be descr ibed  as an hyperconjugat ive  coupl ing  s i n c e  

hyperconjugat ion  can be extended t o  groups whose the c e n t r a l  atom 

involved i n  t h e  process  i s  n o t  a carbon atom (6-9). Furthermore , 
a l though some s p e c t r a  which have never  been s t u d i e d  are recorded i n  

handbooks'''), except  our preceding  works t h e  W spectroscopy of 

a n i l i n i u m s  i s  almost  unknown. However t h e s e  ions  a r e  l i g h t  and very 

s imple s p e c i e s ;  they a r e  "basic"  molecules i n  organic  chemistry.  

The l a c k  of knowledge concerning them comes from t h e  f a c t  t h a t  they  

e x i s t  on ly  i n  an a c i d  medium and t h a t  t h e i r  s p e c t r a  are very s e n s i -  

t ive  t o  t h e  a c i d i t y ,  as we have precedent ly  shown f o r  OM;. We ex- 

tend  i n  t h e  p r e s e n t  work our  o b s e r v a t i o n s  t o  t h e  s p e c i e s  $NH 
where n i s ,  i n  a d d i t i o n  t o  0 :1,2 o r  3, and t o  $2NHi and 

whose s p e c t r a  a r e  completely unknown, i n  o r d e r  t o  s tudy  t h e  ampli- 
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266 DARRY-HENAUT AND VIDAL 

tude of the phenomenon and to find what are the factors governing 

its evolution from an anilinium to the other. 

THE SECONDARY TRANSITION OF THE ANILINIUMS 

The intensity of the secondary transition of the benzene chro- 

mophore increases in a very acid medium because the acid species 

can exert a perturbation on the electrons of the TI cloud. Such a 

perturbation, with that coming from the U,T coupling which involves 

the chromophore and the bonds N-H or N-CH of the substituent, dis- 

torts the symmetry of the TI 

benzene itself when the transition is forbidden - towards C s ,  where 

all the transitions are allowed, so that the intensity increases . 

+ 
3 

cloud from D6h - as it is in the 
@ 

(1-2) 

The secondary transition of  the aniliniums consists mainly of 

two progressions A and B (Figures). The progression A is observed, 

without B, with a low intensity, when the symmetry is D6h and the 
transition forbidden. In addition to benzene itself, it is also the 

case of molecules in which the n-donating or n-withdrawing electro- 

nic effects of the substituent are non existent, or very small. The 

progression B, whose intensity is generally evaluated by the value 
E of its 00 band, is superposed upon the progression A when the 

transition is allowed, and B is all the more intense as the transi- 
tion is more allowed. In other words it is all the more intense as 

the T cloud is coupled to orbitals outside of the ring. This mi- 

Xing of orbitals distorts the symmetry towards C where the tran- 

sition is allowed ( 6 ) ( 1 1 - 1 6 ) .  So,  the solvation effect on the T 

cloud - for which we will use the notation H:n - can increase the 
intensity only because it exists already a U , T I  coupling. Without 

the latter the H:T perturbation alone should distort the symmetry 

towards C6v for which the transition is  still forbidden. The C 

symmetry, being lower than a C2v one, an increase of intensity is 

favoured. 

00 

+ 
2v 

+ 

Thus, logically, the efficiency of the solvation to increase 

the intensity should depend on the strength of the u , n  coupling al- 

ready in action. The intensity should be all the more increased as 

it is already higher. On the contrary our present experiments show 
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SECONDARY TRANSITION OF THE A N I L I N I U M  I O N  261 

t h a t  t h e  s p e c i e s  which have t h e  lowest  i n t e n s i t i e s  - t h a t  is t o  say  

t h o s e  which have t h e  lowest  U , I T  coupl ing - undergo t h e  g r e a t e s t  in-  

c r e a s e s .  We should l i k e  t o  show t h a t ,  i n  f a c t ,  t h i s  discrepancy i s  

only apparent .  The experiment can s t i l l  be expla ined  on t h e  ground 

of  t h e  f a c t o r s  reviewed above; b u t  o t h e r  f a c t s  have t o  be taken i n t o  

account :  t h e  p e r t u r b a t i o n  induced by t h e  medium on t h e  intramolecu- 

l a r  U,T coupl ing and t h e  p o s s i b i l i t i e s  of e q u i l i b r i u m  of t h e  molecu- 

l a r  ion  (which w e  w i l l  name sometimes: molecule) w i t h  t h e  medium. 

EXPERIMENTAL RESULTS 

The an i l in iums s t u d i e d  h e r e ,  except  f o r  +NH;, a r e  s l i g h t l y  un- 

s t a b l e  i n  a very a c i d  medium (H SO -98% ; pH = -2 ,s) .  Thus t h e  in- 
2 4  

t e n s i t y  of  t h e  secondary t r a n s i t i o n  taken  as a whole - t h a t  i s  t o  

say wi thout  modi f ica t ion  of t h e  v i b r a t i o n n a l  r e p a r t i t i o n  of t h e  in-  

t e n s i t y  - decreases  s l i g h t l y  wi th  time. For t h e  methylated s p e c i e s ,  

t h e  s p e c t r a  of i m p u r i t i e s  - very broad - appear  a t  h igher  wavelength 

than t h e  secondary t r a n s i t i o n  and do n o t  o v e r l a p  t h a t  l a t t e r .  The 

inc idence  of such a problem on t h e  measure of t h e  i n t e n s i t i e s  i s  lo- 

wered byprepar ing  t h e  s o l u t i o n s d i r e c t l y  b e f o r e  record ing  t h e  spec- 

t ra .  For  + 2 N H ;  and $ NH i n  H SO -98% t h e r e  i s  an over lap  of t h e  

s p e c t r a  of t h e  i m p u r i t i e s  produced i n  t h e  medium, wi th  t h e  secondary 

t r a n s i t i o n .  Nevertheless  t h e  r a t e  of formation of t h e s e  i m p u r i t i e s  

is  low enough f o r  $2NH2 t o  o b t a i n  t h e  spectrum wi thout  f u r t h e r  cor-  

r e c t i o n .  On t h e  c o n t r a r y  t h e  spectrum of $ NH' needs t o  undergo a 

deconvolut ion s i n c e ,  mainly i n  H SO -98%, i t  i s  superimposed t o  an- 2 4  
o t h e r  a b s o r t i o n  whose i n t e n s i t y  i n c r e a s e s  wi th  t i m e .  The deconvolu- 

t i o n  i s  easy  f o r  t h e  impuri ty  has a very broad spectrum. 

+ 
3 2 4  

+ 

3 

We s h a l l  p o i n t  ou t  t h a t  f o r  t h e  methylated an i l in iums t h e  in-  

c r e a s e  of t h e  system B i n  an a c i d  medium i s  n o t  r e s t r i c t e d  t o  H SO 
2 4' 

It i s  observed i n  HC1 too ,  where t h e  i n s t a b i l i t y  i s  less pronounced. 

The i n c r e a s e  of B compared t o  A 

3,SN of H C 1  i s  reached i n  t h e  medium, 

t o t a l  i n t e n s i t y  of t h e  t r a n s i t i o n  w i t h  t i m e .  Thus, i f  t h e r e  i s  

a r e a c t i o n  w i t h  t h e  medium, only  an i n s i g n i f i c a n t  p a r t  of t h e  

i s  s i g n i f i c a n t l y  observed u n t i l  

wi thout  decrease  of t h e  
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260 DARRY-HENAUT AND VIDAL 

aniliniums is involved. At acidity higher than 4,8 N in HC1 the so- 

lutions becomes slightly coloured, showing that some sort of com- 

plex, or carbocation ... could be produced. 
We have choosen to present ou results obtained in H SO In 2 4' 

that medium higher acidities can be reached, allowing a greater am- 

plitude to the phenomenon. Furthermore $ NH+ is produced only in 3 
H2S04. For that molecule the medium needs to be more acid than 
H2S04 55-60% since its pK is very low (pK=O ( 1 7 ) )  

~. 

We have had to take into account the evolution with time to 

calculate the intensities when the aniliniums are in the very acid 

medium. The correction has been evaluated by comparing the spectra 

with other spectra of the secondary transition showing the same re- 

lative intensities in the vibrationnal structure. The correction is 

easy to evaluate for $N+(CH ) 

and B do not change when going from a medium H SO -5% to a medium 

H SO -98%. A modification in the intensity of the transition should 

appear as a modification of B compared to A .  Thus, the intensity in 

the two mediums are nearly the same. We have had to correct the in- 

tensity of that trimethylated anilinium in H2S04-98% by increasing 

its value of 5 % .  The correction has been 7% for +NH+CH 
2 3  

$NH+(cH~)~ respectively. 

In the aromatic derivatives the intensity of the system B, which 
is characteristic of the perturbation brought upon the symmetry of 

n+,is generally measured at the 00 band. That band appearing on the 

longwavelength side of the transition is the most clearly distin- 

guishible band of the system. To measureits intensity, and the in- 

crease of its intensity with the increasing acidity, we have taken 

into account the overlap with the system A .  When going from 5% to 

98%-H SO the intensity is multiplied by : 

since the relative intensities of A 

2 4  

3 3  

2 4  

and 

2 4  
830 298 1 9 5  = 1  ,o 

for : WH; +NH;cH3 +mf(CH3)2 $N+(CH3I3 

We shall point out that the change for the trimethylated spe- 

is very low, but not absolutely non existent. We see that al- cies 

though our precision could be questionned about some per cer.t on 
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SECONDARY TRANSITION OF THE A N I L I N I U M  I O N  269 

t h e  i n t e n s i t i e s  of t h e  s p e c t r a ,  t h e  changes from an an i l in ium t o  

t h e  o t h e r ,  f o r  t h e  i n c r e a s e  of t h e  00 band, are s i g n i f i c a t i v e  s i n c e  

t h e  lowest one goes from 1,5 t o  1. 

ORIGINS OF THE CHANGES I N  THE INCREASE OF THE INTENSITY I N  AN A C I D  

MEDIUM. - 
The i n c r e a s e  i n  a given a c i d i t y  of t h e  i n t e n s i t y ,  when t h e  

number of -CH 3 
precedent ly  explained . 

l inked  t o  t h e  n i t r o g e n  atom i n c r e a s e s ,  has  been 
(1-2) 

The d i s t r i b u t i o n  of t h e  p o s i t i v e  charge on the  ions  inf luences  

t h e  formation of t h e  s o l v a t i o n  s h e l l .  Nevertheless  it i s  d i f f i c u l t  

t o  t h i n k  t h a t  i t s  changes from a s p e c i e s  t o  an o t h e r  spec ies  could 

be s u f f i c i e n t  t o  prevent  an a s s o c i a t i o n  of t h e  medium with TI 

Never the less , to  check t h a t  po in t  we have c a l c u l a t e d  by means of 

t h e  MNDO method t h e  e f f e c t i v e  charge on t h e  carbon atoms of t h e  r i n g .  

F i r s t  of a l l ,  t h e  charge i s  nega t ive .  Such a r e s u l t  support  our  

preceding assumption of an a s s o c i a t i o n  of t h e  p o s i t i v e  a c i d  spec ies  

wi th  t h e  aromatic  r ing . .  The major p a r t  of t h e  charge is l o c a t e d  

on t h e  atom l inked  t o  N and decreases  s l i g h t l y  when t h e  number of 

methyles i n c r e a s e s  : -0,1671 ; -0,1530 ; -0,1407 ; -0,1253. The 

carbon loca ted  i n  t h e  para  p o s i t i o n  b e a r s  a p o s i t i v e  charge : 

+0,0244 ; +0,0181 ; +0,0133 ; +0,0091. The decrease  of t h e  nega t ive  

charge on t h e  carbon l inked  t o  N i s  weak and cannot cause t h e  quen- 

ching of t h e  a s s o c i a t i o n  with t h e  a c i d  s p e c i e s .  Furthermore, i n  

f a c t ,  w e  have t o  take  t h e  whole charge on t h e  r i n g  

d e r a t i o n  t o  e v a l u a t e  t h e  a t t r a c t i n g  e f f e c t s  involv ing  t h a t  r i n g  and 

t h e  a c i d  s p e c i e s .  That charge i s  almost a cons tan t  when t h e  number 

of methyles i n c r e a s e s  : -0,2228 ; -0,2264 ; -0,2278 ; -0,2275. Thus 

t h e  a s s o c i a t i o n  with t h e  medium can e x i s t  f o r  a l l  t h e  s p e c i e s .  

Two f a c t o r s  can be put  forward t o  expla in  t h e  decrease of the  

+ *  

i n t o  consi- 

e f f i c i e n c y  of the  s u l f u r i c  medium when t h e  number of -CH3 i n c r e a s e s .  

I f  t h e  s o l v a t i o n  can in t roduce  a p e r t u r b a t i o n  on ' the  symmetry 

of t h e  n cloud,  i n  o t h e r  words i f  t h e  e l e c t r o n s  of t h a t  cloud are 

involved i n  some s o r t  of bonding wi th  t h e  medium, t h a t  s o l v a t i o n  

can a l s o  c e r t a i n l y  opera te  upon t h e  e l e c t r o n s  involved i n  the  u,n 

d, 
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270 DARRY-HENAUT AND V I D A L  

coupl ing whi 

phore. Previ 

.ch l i n k s  through space  t h e  s u b s t i t u e n t  and t h e  chromo- 

ous r e s u l t s  (13)sugges t  t h a t  t h e  v u l n e r a b i l i t y  of t h e s e  

e l e c t r o n s  - and t h e  v u l n e r a b i l i t y  of t h e  coupl ing  - towards t h e  

a c i d  s p e c i e s  must i n c r e a s e  when t h e  number of N-H bonds decreases .  

As a mat te r  of f a c t  w e  have shown t h a t  t h e  N-H bonds, because they 

a r e  s h o r t  and because t h e  bonding e l e c t r o n s  a r e  n e a r  t o  N ,  have 

l i t t l e  e f f i c i e n c y  t o  genera te  a coupl ing  w i t h  il 

p l i n g  i s  weak i n  $NH+ and involves  e l e c t r o n i c  exchanges near  t o  t h e  

u frame of t h e  molecule. I n  QNH;CH3 t h e  e f f i c i e n c y  of t h e  O , I T  cou- 

p l i n g  i n c r e a s e s ,  owing t o  t h e  f a c t  t h a t  t h e  N-CH bond i s  longer  

than t h e  N-H one,  and t h a t  t h e  bonding e l e c t r o n s  a r e  h e l d  f a r t h e r  

from N, s o  t h e  o v e r l a p  involv ing  t h e  u o r b i t a l s  of t h e  s u b s t i t u e n t  

and il i s  g r e a t e r .  Yet t h i s  u , n  coupl ing  involves  e l e c t r o n i c  

exchanges f a r t h e r  from the  u frame than f o r  $NH; and so i t  i s  more 

s e n s i t i v e  t o  t h e  p e r t u r b a t i o n s  of t h e  medium. Severa l  phenomena 

can occur  when t h e  a c i d i t y  i s  i n c r e a s e d  : The s o l v a t i o n  Hfn of n Q 
l eads  t o  an i n c r e a s e  of E ( t h e  molar e x t i n c t i o n  c o e f f i c i e n t  of 

t h e  00 band) ,  s i n c e  wi th  t h e  u,r coupl ing  t h a t  p e r t u r b a t i o n  d is -  

t o r t s  t h e  symmetry towards C . A t  t h e  same t i m e  t h e  s o l v a t i o n  can 

quench t h e  U , I T  coupl ing  which a l lows  t h e  s o l v a t i o n  on IT t o  have a 

s p e c t r o s c o p i c  e f f i c i e n c y .  This  l a t t e r  phenomenon l e a d s  t h e  i n t e n -  

s i t y  t o  decrease  because on t h e  one hand t h e  u , n  p e r t u r b a t i o n  

d e c r e a s e s ,  on t h e  o t h e r  hand t h a t  p e r t u r b a t i o n  decreas ing ,  t h e  

s o l v a t i o n  i s  l e s s  e f f i c i e n t  t o  d i s t o r t  t h e  symmetry towards C . Thus 

t h e  i n c r e a s e  of i n t e n s i t y  by s o l v a t i o n  involv ing  t h e  a c i d  s p e c i e s  

of t h e  medium should be weaker f o r  $NH+CH than f o r  QNH;. The same 

holds  t r u e  when another  -CH3 i s  in t roduced .  The s e n s i t i v i t y  t o  t h e  

medium of t h e  U,IT coupl ing  i s  i n c r e a s e d ,  t h e  quenching a l s o  and t h e  

i n c r e a s e  of i n t e n s i t y  i s  l e s s  and l e s s  apparent  when going through 

t h e  s e r i e s  QNH;, QNHiCH3,  $NH;(CH3)2, $Nf (CH3)3 .  

number of hydrogen atoms p o t e n t i a l l y  a c i d  is reduced a l l  a long  t h e  

s e r i e s .  The h i g h e s t i s  t h e  number of  hydrogen atoms l inked  t o  N, 

a b l e  t o  be  involved i n  an ac ido-bas ic  e q u i l i b r i u m  wi th  the s o l v e n t ,  

t h e  b e s t  t h e  s p e c i e s  w i l l  be s o l v a t e d  and t h e  b e s t  it w i l l  b e  

So  t h e  u , n  cou- 0' 
3 

3 

$ 

0 0  

4 

2 3  

P a r a l l e l i n g  t h e  above h y p o t h e s i s  we must p o i n t  ou t  t h a t  t h e  
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SECONDARY TRANSITION OF THE A N I L I N I U M  I O N  2 73 

+ 
able  t o  undergo the  H , a  e f f e c t .  So E~~ w i l l  increase.  Nevertheless, 

although the ac id  hydrogens could play a p a r t ,  the  in t ens i ty  i s  

s l i g h t l y  modified i n  $N(CH )+  where the re  i s  none. Furthermore there  

is  no increase  of the  i n t e n s i t y  f o r  Q NH+ where there  i s  an hydro- 

gen l inked t o  N .  Thus the number of H although it could favour the  

in t e rac t ion  H , n  is  not the main f ac to r .  Its e f f e c t s  depend a l so  on 

the s e r i e s  of anil iniums involved. 

3 3  

3 

+ 

The increase  of i n t e n s i t y  i n  the  s e r i e s  @H:, $zNHl, $3m+ 
+ 

(Q4N does not e x i s t )  cannot be measured between 5% and 9 8 % - H 2 S 0 4  

s ince  under 65% the species Q NH+ i s  not e a s i l y  observed. We have 

measured the  i n t e n s i t i e s  between 65% and 98%-H2S04. The increase 

i s  2 ,38  f o r  QNH;, 1,08 f o r  $zNHg and =1,0 f o r  Q3NH+. That observa- 

t i o n  p a r a l l e l s  q u a l i t a t i v e l y  the  precedent one on the  N-methylated 

anil iniums and deserves the  same e x p l a n a t i o n .  B u t  on the contrary 

of the methylated s e r i e s ,  where the re  i s  an increase  of i n t e n s i t y  

when adding more subs t i t uen t  on N ,  we obtain (E ) = 65, 115, 100 

fo r  QNH;, $ 2 N H i  and tji3NH' i n  H2S04-65X , with a decrease when a 

t h i r d  subs t i t uen t  i s  added on N .  That observation could be l inked 

t o  the f a c t  t h a t  the  increase  of i n t e n s i t y  i n  t h i s  s e r i e s  i s  l e s s  

than i n  the  methylated one (taking i n t o  account the  lowest range 

of a c i d i t y  poss ib le )  

3 

0 0  l Q  

as w e  s h a l l  see  hereunder. 

In  the  amine forms the %on-bonding" e lec t rons  on N ,  a r e  a l l  

the  more included i n  the  n systems a s  there  a r e  more phenyl chro- 

mophores. The pK decreases : pK=4,65(18)for QNH; , 0,85(17)for  

Q2NH; and 0 ( I 7 )  f o r  Q3NH+, s ince ,  because of t h e i r  increas ing  n 

charac te r  , the  %on-bonding" e lec t rons  a r e  more f i rmly  bound. Thus 

t o  obta in  the  anil iniums the ac id  medium has t o  s t rongly  i n t e r a c t  

with the  n systems t o  which these  

so lva t ion  could prevent the n e lec t rons  t o  couple with the subs- 

t i t u e n t s .  The u,n coupling being weakened when the  number of $ i n  

c reases ,  Q2NHl and Q3NH+ should have lower i n t e n s i t i e s  than t h e i r  

homologues 

phenyl groups. Thus f o r  these  molecules with severa l  Q t he re  i s  

not only the  quenching appearing when the  number of 

e l ec t rons  belong. The increased 

bearing one o r  two CH3 ins tead  of one o r  two e x t r a  

N-C bonds in- 
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c r e a s e s  a s  i n  t h e  methylated a n i l i n i u m s ,  b u t  t h e r e  is  a l s o  t h e  

quenching coming from t h e  i n c r e a s e  of t h e  number of 71 systems.  

t h e  i n c r e a s e  of i n t e n s i t y  i n  an a c i d  medium w i l l  be weaker f o r  them 

s i n c e  t h e  u , n  coupl ing  which i s  necessary  t o  observe t h e  spec t ros-  

copic  inc idence  of t h e  s o l v a t i o n  i s  weakened. We s e e  t h a t  t h e  sol-  

v a t i o n  which, by i n t e r a c t i n g  w i t h  IT 

because t h e r e  is  a u , n  coupl ing  i n v o l v i n g  IT and t h e  s u b s t i t u e n t ,  

can a l s o ,  when it i s  s t r o n g  enough quench t h a t  coupl ing  and prevent  

t h e  i n c r e a s e  of i n t e n s i t y .  

can i n c r e a s e  t h e  i n t e n s i t y  
4 '  

4 

CONCLUSION 

The LW spec t roscopy of t h e  a n i l i n i u m s  i s  v e r y  much dependent 

of t h e  medium. The s o l v a t i o n  H: n i n c r e a s e s  t h e  i n t e n s i t y  of t h e  

secondary t r a n s i t i o n  because,  w i t h  t h e  u , n  c o u p l i n g , i t  d i s t o r t s  

t h e  symmetry of t h e  IT c loud  towards C s .  It should  l e a d  t o  an in-  

c r e a s e  a l l  t h e  more impor tan t  as t h e  u,n coupl ing  i s  s t r o n g e r .  I n  

f a c t  two phenomena can r e s t r i c t  t h a t  i n c r e a s e .  On t h e  one hand t h e  

d e c r e a s i n g  number of hydrogen atoms on t h e  n i t r o g e n  weakens t h e  

i n t e r a c t i o n  of t h e  a n i l i n i u m s  w i t h  t h e  medium. On t h e  o t h e r  hand 

t h e  quenching of t h e  u , ~  coupl ing  by s o l v a t i o n  when t h e  number of 

methyles i n c r e a s e s  - s i n c e  t h e  U,IT coupl ing  becomes more and more 

v u l n e r a b l e  t o  t h e  a c i d  s p e c i e s  - changes t h e  symmetry. Furthermore 

t h e  a c i d i t y ,  when t h e r e  i s  an i n c r e a s i n g  number of phenyl groups 

l i n k e d  t o  N can a l s o  quench a l l  i n t r a m o l e c u l a r  i n t e r a c t i o n .  

+ 
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