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SPECTROSCOPY LETTERS, 5 (10) , 377-384 (1972) 

IBPRAFXD STUDY OP THE INTERACTION OF PEXTACWLOROPKENOL 

WITH SECOIIDARY AUIBES 

G . S . De ri i s o v , L . kl . Sc h r  e i b e r 
I n s t i t u t e  o f  Phys ic s ,  Leningrad S t a t e  U n i v e r s i t y ,  

Leningrad R 164.  

In connect ion w i t h  t h e  p o s s i b i l i t j  c f  s p e c t r o s c o p i c  s t u -  

dy  of e q u i l i b r i a ,  caused by t h e  p r o t o r  t r a n s f e r  i n  hydrogen 

bond , of g r e a t  i n t e r e s t  are t h e  amine-phenol systems. In- 

c r e a s i n g  of t h e  protonodonat ing power of the OH ghenol group 

necessa ry  f o r  t h e  proton t r a n s f e r  t o  occur cou ld  be ob ta ined  

by i n t r o d u c i n g  e l e c t r o n e g a t i v e  s u b s t i t u e n t s  i n t o  t h e  r i n g .  

According to2,’ the protonodonat ing power i n  t h e  s e r i e s  of 

phenol c h l o r o d e r i v a t i v e s  widely r anges ,  pentachlorophenol  

(PCP) be ing  the  most a c t i v e  donor  of  a pxcton i n  t h e  s e r i e s .  

I 

To c la r i f j i  t h e  s t r u c t u r e  o f  t ha  Gomplexes farmeci by the 

i n t e r d c t i o n  o f  PCP wi th  secondary a l i p h a t i c  arnines t h e r e  

have beer, s t u d i e d  t he  i n f r a r e d  s p e c t r a  o f  P C P  + R2NH (R=C2H5, 

C3H7, C4H,) and PCP + (CH2)+TH s o l u t i o n s  i n  C C 1 4  and  CHCl? .  

To determine s p e c t r a l  cha rac  t e r i s t i c s  of t he  PCP-ion and 

dialkylarnmonium ion ,  formed by the  proton t r a n s f e r  i n  t h e  

hydrogen bond OH...ir, t h e  s p e c t r a  o f  sodium pentachlorophe- 

n o l a t e  and amine hydroch lo r ides  have a l s o  been examined. 

The s p e c t r a  of‘ the s o l u t i o n s  i n  the  r e g i o n  1550-3600 cm-’ 

are shown i n  f ig .1 .  A s h a r p  decrease i n  the i n t e n s i t y  of t h e  

$OH band i n  t h e  presence of  equimolar amount o f  amine shows 

t he  number of f r e e  molecules i n  the system t o  be small. Cou- 
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DENISOV ATJD SCHRFIBER 

PIG. I 
The s p e c t r a  of s o l u t i o n s  (0,05 W) I .C6C150H i n  C C 1  
2.C C l 5 0 H  + ( C  HgI2RH i n  CC14, 3.C C l 5 0 H  + ( C  H 
CHCP 
i n  C % I ~ .  

i n  
4.C6C15bH + (C,H5)2NH i n  C H 8 l 7 ,  5. (C2H;):Ni4*H~1 

sp icuous  is the  appearance of t h e  band a t  I625 cm". The 

f o r m a t i o n  of hydrogen-bonded molecular  corrplsxes o r  charge- 

t r a n s f e r  complexes (wi th  J2, f o r  i n s t a n c e )  by secondary 

amfnes is n o t  accompanied by t h e  appearance of any bands 

n e a r  I600 om-'. A t  t h e  same time t h e  s p e c t r a  of dialkylammo- 

r i l a m  s a l t s  both i n  t h e  C H C l  s o l u t i o n  ( f i g . 1 )  and i n  t h e  so- 3 
lid s t a t e 4  shows the  c h a r a c t e r i s t i c  band n e a r  I590 cm", 

ass igned t o  t h e  NH: bending v i b r a t i o n .  The , f requency of the  

s N H i  band i n  t h e  s p e c t r a  of  pro ton  t r a n s f e r  complexes of  

c e r b o x y l i c  a c i d s  w i t h  secondary amines is I620 cm- I 5 9 6 .  The 

band a t  I625 an-', t h e r e f o r e ,  can be i n t e r p r e t e d  as $NH; i n  

t h e  dialkylammonium ion ,  formed due t o  the  pro ton  t r a n s f e r  
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INTERACTION OF PENTACHLOROPHENOL 

f rom OH group of PCP t o  t h e  n i t r o g c n  atom o f  t h e  amine. T h l s  

c o n c l u s i o n  i s  j u s t i f i e d  b:, t h e  expe r imen t s  on C 6 C 1 5 0 D  and 

( C  H ) ND, i n  which c a s e  t h e  band a t  1625 cm" ? i s a p p e a r s ,  

w i t h  t h e  band a t  1;72 cm-' appea r ing .  
4 9 2  

The spec t rum i n  a lower-frequent; r e g i o n  a l s o  has  some 

f e a t u r e s  showing t h e  formatSon of  i o n i c  compounds. I n  t h e  

p r e s e n c e  o f  arnine t h e  bands I199 and I280 cm-' a s s i g n e d  t o  

t h e  i n t e r a c t i n g  $2-0 and 

em-' i n  t h e  c a s e  o f  C6C1,0D) v a n i s h  ( f i g . 2 ) .  Ins',tstd t h e  

SO-H v i b r a t i o n s 7  (360 and I249 

;I 

band at I210 cm-' a s  w e l l  a s  some 

FIG. 2 

new bands i n  t h e  r e g i o n  1900-1600 

cm 

p e a r .  These bands a r e  a l s o  ob- 

s e r v e d  i n  t h e  spec t rum o f  s o l i d  

B 0 d i urn pen t a c hl o r  0 p he no 13 t 6 a d  

i ts  e t h a n o l i c  s o l u t i o n .  The band 

a t  I210 ern" i s  a t t r i b u t e d  t o  t h e  

-I (1364, 1 4 2 0 ,  I540 cm-') ay- 

7 SC-0-  v i b r a t i o n s  of PC1-ion , 
w h i l e  t h e  bands n e a r  1300-1600 cm" 

seem t o  be long  t o  in -p l ane  s k e l e -  

t a l  modes. Sha rac  t e r i s  t i c  changes 

a r e  observed  i l l  t he  amine spectrum 

as wel l .  I n  t h e  p r e s e n c e  of  PCP 

t h e  band $,C-W 1 1 4 0  em-' is re-  
4 The s p e c t r a  o f  1.C C1 

i n  cc14 0,05 I).. ?.!!&??Ed I l laced by t h e  bancis i n  t h e  r e g i o n  
+ (cgH7)211H i n  Cc1 bo 
0 , 0 5  M , 3 . C  C 1  OBa a 0 l i . d .  IO50-XO70 CRI-', sirnil&-- t o  t h o s e  6 5  
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DENISOV AND SCHREIBER 

i n  t h e  dietliylamilioniuw hj-droChlori.de spcc t rurn  ( f i g . 3 ) .  As 

v,as shown i n  , the format ion  o f  scconchry  auiine s a l t s  leads 9 

t o  t h e  70-100 cm" s h i f t  of t h e  

&, C-N barid to:vard low irequen- 

c i e s .  A c r y s t a l l i n e  p r e c i p i t a t e  

have been obseived t o  form i n  

C C 1 4  s o l u t i o n s  o f  C 6 C l 5 0 I I  + 
( C  H ) NH and C C1 OH i ( C 3 2 ) 5 1 ? H .  

The spec t -sscopic  s t u d y  showed 

i t  t o  be i o n i c  compound. T h u s ,  

one can draw t h e  conclus ion ,  

t h a t  t h e  i n t e r a c t i o n  o f  PCP 

w i t h  secondary amines is  accom- 

panied by t h e  pro to^ t r a n s f e r  

from OH croup of  PCP t o  t h e  

2 5 2  6 5  

FIG, 3 
The s p e c t r a  o f  0,I N s o l u -  
t io r i s  I . ( C  H ) NH i n  CC1 
2 * ( c  ' ' OH in4t  n i t r o g e n  atom o f  t h e  amine wi th  CC1 4 3 . f C  H ),BH 2 C6C150H 
i n  e H C 1 3 ,  1 . 7 C  H ) IJH + 
C6Cl5OI1  in CHCi):? 3. 
50(c2H5)21'H'HC1 in CHC13' 

i n  lo:/ d i e l e c t r i c  s o l v e n t s  p r a c t i c a l l y  occurs10, s o  t h e  con- 

c e n t r a t i o n  of  f r e e  i o n s  i n  t h e  systems concerned i s  negl i -  

g i b l y  small .  The bands  of hydrogen-bonded molecular  complex 

have n o t  been observed. 

t h e  format ion  of t h e  i o n i c  p a i r .  

N o  d i s s o c i a t i o n  o f  i c n i c  pairs '  

There have been studied t h e  temperature  and concentra- 

t i o n  dependence of t h e  s p e c t r a  o f  C 5 C 1 5 0 H  + ( C 3 H 7 ) p H  so lu -  

t i o n  i n  C H C l  and C C1 OH + (C H 1 XI1 s o l u t i o n s  i n  C H C l  and 

CC14. The i n c r e a s e  in temperature ,  as  w e l l  as t h e  decrease 

i n  c o n c e n t r a t i o n  r e s u l t s  i n  t h e  r i s e  of t h e  i n t e n s i t y  of t h e  

f r e e  molecules  b a n d s ,  p a r t i c u l a r l y  $OH 3524 cm" and t h e  

3 6 5  4 9 2  3 
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INTERACTION OF PENTACHLOROPHENOL 

weakening o f  t h e  i o n - p a i r  bands. No new b a n d s ,  which c o u l d  b e  

a t t r i b u t e d  t o  $L? m o l e c u l a r  complex, appea r .  Measurei ients  o f  

t h e  i n t e n s i t y  o f  d O S  and FNH; bands showed, t h a t  w i t h i n  t h e  

e r r o r s  of t h e  expe r imen t  t h e  i n c r e a s e  o f  t h e  f r e e  n o l e c u l e s  

c o n c e n t r a t i o n  was e q u a l  t o  t h e  d e c r e a s e  of t h e  c o n c e n t r a t i o n  

o f  i o n i c  p a i r s .  Hence t h e  l a t t e r  a r e  i n  e q u i l i b r i u m  on11 

w i t h  f r e e  molecu le s :  

C 6 5  C 1  OH + N2NH~CgCl~O- . . .112m+R2 (1) 

IJo complexes c o n t a i n i n g  more t h a n  one molecu le  of  PCP were 

found t o  form. The thermodynamic c h a r a c t e r i s t i c s  of  t h e  

e q u i l i b r i u m  ( I )  have been o b t a i n e d  by measu r ing  t h e  concen- 

t r a t i o n  o f  f r e e  molecu le s  a t  d i f f e r e n t  t e m p e r a t u r e s ,  t h e r e  

b e i n g  u s e d  t h e  JOH band of: PCP. Tb.c a b s o r p t i o n  c o e f f i c i e n t  

& O H  of t h i s  band i s  independen t  of t h e  c o n c e n t r a t i o n  and 

~ 0 ~ 1 3 1  t o  fi,7.102 and 3,95.102 l/mole.cm a t  2OoC i n  C C 1 4  and 

C R C 1 ,  s o l u t i o n s  r e s p ? c t i v e l . y .  I n  t r e a t i n 5  t h e  d a t a  o b t a i n e d  

t h e  tempera ture  dependence of & O H  ( d e c r e a s i n g  by -7:'. i n  

CIIC1. and b y  -12:c i n  C C 1 4  i n  t h e  i n t e r v a l  10-60'C) was t a k e n  

, 

i n t o  accoun t .  For  q u a n t i t a t i v e  t r e a t i n g  t h e  

used  where t h e  i n i t i a l  c o n c e n t r a t i o n s  C, c f  

were equal .  Then t h e  e q u i l i b r i u m  co r i s t an t  K 

expe r imen t s  were 

PCP and amine 

i s  a s  f o l l o w s :  

where  c;P  , C P C P  and 

p a i r s  arid € r e e  molecu le s  o f  PCP arid arninc r e s p e c t i v e l y .  T h e  

v a l u e s  I< mcasured f o r  all t h e  sys tems concerned  d o  n o t  de- 

pend or! t h e  c o n c e n t r a t i o n  from 0,I t o  0,OI la. The pLot 1nK 

v s  I/T i n  tile i n t e r v a l  IO-GO'C i s  :J s t r a i g h t  l i n e .  T F - ~  en- 

t h a l p y  A K  and t h e  e n t r o p y  a 3  o f  the i o n i c  pair €ormat inn ,  

C A  a r c  t h e  c o n c e n t r a t i o n s  of  t h e  i o n i c  
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DENISOV AND SCHWIBER 

as w e l l  a s  t h e i r  r m s  d e v i a t i o n s ,  determined by t h e  l e a s t  

s q u a r e  method a r e  g iven  i n  t h e  t a b l e .  Also g i v e n  i n  the  t a b l e  

a r e  t h e  v a l u e s  of K a t  2OoC. The A H  and I( v a l u e s  a t  any tem- 

rcp  + R ~ N H  

I R=C H 3 7  

I c4H9 

1 C4H9 

I I ,0_+0,6 

1 I 9 421 0 

2826 1 9 ,  OLI, 0 

8,420 4 

8,8+0,6 

11 9 520 6 

p e r a t u r e  a r e  less f o r  PCP-dibutylamine system i n  CHCl t han  

i n  C C 1  s o l u t i o n ,  though t h e  d i e l e c t r i c  c o n s t a n t  o f  chloro-  

form is  h ighe r .  S i n c e  t h e  A H  v a l u e ,  o b t a i n e d  i n  the expe r i -  

ment i s  d e f i n e d  by t h e  energy d i f f e r e n c e  between t h e  i n i t i a l  

and f i n a l  s t a t e s ,  t h i s  dec rease  is s t i p u l a t e d  by f r e e  mole- 

c u l e s  and i o n i c  p a i r  i n t e r a c t i o n  w i t h  t h e  s o l v e n t .  I n  CHClg 

compared w i t h  C C 1  s o l u t i o n  t h e  energy l e v e l  of f r e e  Iiiole- 

c u l e s  i s  reduced c h i e f l y  by t h e  fo rma t ion  of  hydrogen bond 

C 1 p H  .. .N, whose energy is - 4  kcal/rnole". The l e v e l  o f  t h e  

i o n i c  p a i r  is a l s o  reduced i n  C H C L  b u t  t h e  energy g a i n  

seems less  than  i n  t h e  c a s e  of f r e e  molecules .  Th i s  shows, 

t h a t  the d i e l e c t r i c  c o n s t a n t  of the medium is  not  d e c i s i v e  

i n  t h e  e n e r g e t i c s  of t h e  p r o t o n  t r a n s f e r  r e a c t i o n  s t u d i e d .  

Most important  he re  i s  t h e  i n t e r m o l e c u l a r  i n t e r a c t i o n  w i t h  

t h e  s o l v e n t  ( s e e  also'). 

3 

4 

4 

5 '  

The most p robab le  s t r u c t u r e  o f  t h e  i o n i c  p a i r ,  formed i n  

t h e  p ro ton  t r a n s f e r  from PCP to .  amine is as  follows: 
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INTERACTION OF PENTACHLOROPHENOL 

Then the  two wide bands w i t h  maxima a t  abou t  2520 and 3730 

cm-', having a complicLted s t r u c t u r e  ( f i g . 1 )  may be i n t e r p r e t  

t e d  as  $5 and da o f  t h e  NH; group.  The complex w i t h  asymmet- 

r i c a l  group NH; where one hydrogen atom i n t e r a c t s  w i t h  a n  

oxigen atom, while t he  o t h e r  e i t k r  i n t e r a c t s  w i t h  c h l o r i n e  

atom o r  even is i n  no d i r e c t  c o n t a c t  w i t h  t h e  a n i o n  a t  a l l ,  

should have had the  NH b a n d  i n  a higher-frequency r e g i o n .  

Ees ides  i n  the  l a t t e r  case  t h e  f r e e  group N H  is  t o  be r a t h e r  

a s t r o n g  p r o t w  d o n o r  and t o  i n t e r a c t  e a s i l y  w i t h  any accep- 

t o r .  Y e t ,  when the e t h y l a c e t a t e  was added t o  t h e  s o l u t i o n  

under inves t i -ga t ion ,  no changes of i ts  J C = O  band s e n s i t i v e  

t o  the  hydrogen bond fo rma t ion  were observed. Thus t h e  s t r u c -  

ture (11) seems t o  be p r e f e r a b l e .  

I .  

2. 
7 .  

4. 
5 .  
6. 

7. 

9 .  

9.  

10. 
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