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Earlier, when investigating H-complexes o f  the 

RO-il.. .BRl type in solutions I-’ ic?d crystalline state 4, ttc! 

isotopic shift f o r  frequencies of the stretching vibratisns 

$(OH) a t  substitution of H for i) was shown t o  systcmatically 

decrease with increased strength of the H-bone. In stront; H- 
complexes, the S(OH) and 3 ( O D )  bands in the i.r. spectra 

have a complex structurc: depending on tne strength of the 

H-complex in a wide range of frequencies (3000-1000 cn”), 

several submaxima caused by a Fermi-resonance interaction of 

the fundamental tone of 9 (OH) with combinations and overtones 
of the bending vibrations of R-0-H were observed. Hence, 

the frequencies and intensities of the S(0Ii) and 3(01)) bands 

in strong H-complexes should be considered as corresponding to 

the gravity centre ( 3,) and overall intensity (Ao) of all the 

components of the’ complex absorption contour of 3 (La), not to 
thf frequency and intensity of the principal maximum. Actually 

the A, and go of the $(OH) band in complexes with hydrogen 

bonds between neutral molecules (HB NU), not the frequencies 
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420 CLAZUNOV, WHKOVSKY, AND ODINOKOV 

and i n t e n s i t i e s  of m i v i d u a l  maxima, represent the s t rength 

of the hydrogen bond and undergo the following characteri-  

s t i c  changes with increase of the said bond: A, na tu ra l ly  

grows, mhile a0 s h i f t s  t o  low frequencies. I n  this case, the 

isotopic r a t i o  a0(c;H)/ JO(OU) changes its usual value (1.35) 

f o r  f r ee  OH groups f o r  - 1.10 in H-complexes w i t h  -AH - 10- 
I2  kcal/nole and R(U...b) - 2.5-2.6 '. 

As was shown in our recent  investigation o f  hydrogen 

bonds in ion p a i r s  (HB IP) that form a t  in t e rac t ion  of carbo- 

nic acids w i t h  aromatic and a l ipha t i c  amines i n  CHC13 and 

CH C1 

has a complex nature similar t o  the 

HB NLi. Similarly,  a complex s t ructure  o f  the 

observed i n  a study of  HB IP i n  the c rys t a l l i ne  salts of pyri-  

dine, pyrimidine and a l ipha t i c  amines 

(RIB+-&. .-OCICR), the s t re tching vibrat ion band 3 (N+H) 2 2  
S(GB)  bands i n  complexes 

s(N+H) band was 

4,10,11 

hence, it would appear i n t e re s t ing  t o  examine A, and 3,  
i n  the $(N%) bands of HB IP w i t r :  respect t o  the s t rength of 

the h-complex in  the solut ions and t o  compare t h e i r  isotopic  

s h i f t s  w i t h  the above-noted changes in the isotopic  s h i f t  o f  

a(OH) for BB NU. 

In the present work, we have measured the frequencies and 

i n t e n s i t i e s  of the bands of s t re tching S(N+€i)  and s ( N + D )  vib- 

r a t ions  i n  OIEI and ND groups linked by a HB IP, which form a t  

interact ion of organic acids (carboxylic acids  and nitrophe- 

nols) and inorganic acids (HC104 and hydrogen halides) w i t h  

pyriaine (Fyr), 2,4,6-trimethylpyridine (Me3Pyr) and Et3N i n  

CH2C12, CHCl  and CH3CrJ solutions. The spectra  were recorded 

in  the range of 400-36600 cm" on a UR-20 spectrophotometer 
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ANOMALOUS ISOTOPIC FREQUENCY RATIO 429 

x i t i ?  a l o t p a r i t h i c  self-recorder .  Nuruerical i n t eg ra t ion  of 

the  spectrogram da ta  was performed t o  es t imate  the frequency 

of the g rav i ty  cent re  ( 3 , ) ;  a r e a l  computation w a s  done t o  

determine the i n t e g r a l  i n t e n s i t y  (Ao) of the  e n t i r e  coinplex 

contour of the absorpt ion o f  the  $(N+H) and $(I?+O) bands. 

To exclude i n t e r a c t i o n  o f  t h e  so lu t ions  examined with the  ma-  

t e r i a l  of winciow wLen r e c o r d i q  tlio i.r. spec t r a ,  we used 

c e l l s  with windows made of US-5 anu CaF2. Acias and so lvents  

weie purifieci of admixtures ana water. Solu t ions  of  the sam- 

ples si;uirieu were prepared i n  a dry box by weighting i n  ca- 

l i b r a t e d  pycnomeixrs. Ueuteration was perforntea by t t e  method 

o f  Iogansen ami Hosenberd 12. The d e u t o r i u  contec t  was higher 

tijan 90%. 

Gxamples of the i.r. spec t r a  f o r  c e r t a i n  HB I F  a r e  shown 

i n  Pig.1. Uata f o r  J 0  and xo of the  $(N+B) anu $ ( N + l J )  bands 

of tt,e H-complexes stuclied a re  given i n  Table I. As is appa- 

r e n t  from Fig.? a u  Table 1, w i t h  increase  of ca t ion  (Et  N+H< 

' 4 Lie5Pyr*H 4 Fyr+H) a d  anion (G104 C Br-4 G1-C 
3 

< 2 , 4, 0 - ( h U 2 )  :PhC;- 4 GF -,GUO- < 2 , 4-( PiiJ2)2PtiG' < C;HC;12CciU- < > 3 
4GH2C;1C00-) st rengt t , ,  tiie 3 (L+H)  bands undergo charac te r i s -  

t i c  a l t e r a t ions .  Thus, severa l  add i t iona l  uaxima (see  Fig.1) 

appear, whose frequencies  a r e  l i t t l e  dependent on the  anion 

and cat ion.  Ln the  o ther  hand, 

quency with increased anion an2 ca t ion  s t r e n g t h  (Table 1). 

dontrar iwise,  the  i n t e n s i t i e s  of  bands "A,B,C,D and E" (Fig.1) 

e s s e n t i a l l y  depend on  t he  anion and ca t ion .  Vrith s t ronger  H- 

complexes, the  i n t e n s i t i e s  are " t ransferred" from t he  high- 

frequency 1;o tke  low-frequency components of t he  (N'H) 

$ o  n a t u r a l l y  lowers i ts  f r e -  
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4 30 CLAZUNOV, MASHKOVSKY, AND ODINOKOV 

I000 do00 3000 (cm-l)  

d i e ; . l .  1.r. spectra of  complexes !iB IP: he Pyr+H.. .-00CCFiCl2 

in CildC12 ( a ) ;  (Pyr.. .H.. .Pyr)+ClL; in I'yr ( b ) ;  

(Le Pyr+H ... Pyr)Clbi in Pyr ( c ) ;  Fyr'H ... Br-  i n  

GlI GN ( d ) ;  YtjN+M..  .ClL; i n  C U C l j .  

5 

3 

5 

banu; a t  tce  same t h e ,  t t e  overal l  i n t e n s i t y  of A, increases .  

The above-cited s p e c i f i c i t i e s  in tLe behavior of  tke $(N+H) 

banu may a l s o  be fu l ly  assigned t o  $(N+Li> ( s e e  Table I). 

I The study of the i . r .  spectra of the above H-complexes 

IP shows tt;e absence of any basic u i f ferences  in  the nature 
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2500 
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1600 
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1800 21.0 10.0 
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2330 9.0 4.0 

1980 21.4 10.4 
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1580 30.0 16.0 

1440 32.0 16.6 
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1.191 
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432 C u z u N o V ,  MASIKOVSKY, AND ODINOKOV 

of the changes taking place i n  the 9 (N'H) bands and the 3 (OH) 

absorption bands with El3 NM. Iience, the gravity centre frequon- 

c i e s  and overall  i n t e n s i t i e s  of a l l  the cornponeats observed in 

the s t ructure  of s ( N + H )  are essent ia l ly  indicators  of the 

strength of HB IP. Us- the known relat ionship 63 

-nE  z 2.9laA 1/2 

(where A A  'I2- -Acompl, - Aii:e(CCl )) betwoen the in tens i ty  chan- 

ges Fn $(OH) and the formation energy of the conplex IIB NK, me 

calculated the energies (-AH. ) o f  the N+-H...-B H-bonds for 

the HB IP-examined. In calculating the value of Afree 

for 3(N+H) was taken t o  equal l.0*104 l*nole-1cm-2 l i k e  p p r o -  

l e  i n  CC14 13. The -AHip values c i ted  i n  Table I are essenti-  

ally the formation energies of HB IP from f ree  ions i n  CC14 

4 

=P 

(R-N+H + B'- R-N+H. . . B-) . 
A comparison o f  the change in the isotopic r a t i o  of 

So(N+H)/ aO(N+D) with the' calculated values o f  - p H i p  is  shovin 

$,(li*H)/ a 0 ( N + D )  sys- i n  Big.2, from which it is apparent t h a t  

tematically decreases with strengthening of HE IP. For m a 3 c h W  

values of  .-&Hip - 13 kcal/mole, 

t o  I. I n  t h i s  case, the H-complex s t ructure  is  close t o  sym- 

metric ( Em.. .IL . 
These data are in good agreement w i t h  those obtained previo- 

u l y  f o r  t h e  H-complexes 0-H...O 2-4. It should be noted t h a t  

the value 

(Pyr...H...Fyr)+ClO, l4 d i f f e r s  from our value 1.12 (see Tab- 

l e  I). This difference is due t o  the f a c t  t h a t  Clements g 
a. l4 did not account the low-frequency components $(N+E> 

$,(N+H)/ so(N%) is close 

+UO; and he3-+. . .H.. .-OUCUHC~~). 

so(N*H)/ $o(N+D)-1.20 c i ted  f o r  the H-complex 
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(bands 'ID and E"), wiiich are very c h a r a c t e r i s t i c  f o r  H-comp- 

l exes  with very s t rong E-bonds 3*9. 

The r e s u l t s  of the present  work show t h a t  t he re  are no 

discrepancies  i n  the  spec t r a l  behavior of  s t r e t ch ing  vibra-  

t i o n s  $(N+U) and $(OII)  (Ao, $,, $,(IJ+H)/ $,(Ii+D)) f o r  com- 

plexes HB 1P and HI3 NIL. L u i l a r  r e s u l t s  were reported recent-  

l y  l5 for a l t e r a t i o n s  in the NU3 chemical s h i f t s  of the I!% 

protons and OH groups of some H-complexes. This  g ives  grounds 

t o  assume t h a t  HB I P  and liB NY have the same donor-acceptor 

nature .  
A C ~ U w ~ ~ ~ ~ T  

The t r a n s l a t i o n  from Russian by Joseph C. Shapiro is  

acknowledged. 
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