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The s imples t  amino acids (AA) and their  der ivat ives  exist  in the crysta l l ine  phase or  in aqueous solu- 
tions in ionic fo rm [1-6]. The resul t s  of calculations per formed for the glycine molecule by an expanded Hiie- 
kel method led the authors  of [7] to conclude that the zwitterion form is also energet ica l ly  stable in the case of 
the isolated molecule.  

The as yet few experimental  investigations of AA in re la t ively  nonpolar surroundings (solutions in C C I  o 

CHC13 [8, 9], ma t r i ces  of Ar [10]) indicate a molecular  s t ruc ture  of AA or the presence  of equilibrium between 
the molecule and zwitterion forms .  In view of this, it is of in teres t  to investigate the influence of the proper -  
t ies of the medium on the s t ruc ture  of AA and on the poss ib i l i ty  of the real izat ion of in t ra-  and in termolecular  
proton t r ans fe r .  For this purpose,  in the present  work we recorded  the IR spect ra  of vapors of glycine and 
N, N-dibutylglycine (DBG), as well as the spect ra  of solutions of DBG, which possesses  sat isfactory.solubi l i ty  
in a number  of solvents with var ious  proper t ies .  

The IR spec t ra  were recorded  on a UR-20 spect rophotometer .  In the recording  of the spect ra  of  the solu- 
t ions, t r ansmi s s ion  of the solvents was no less than 25%. At t empera tu res  exceeding the boiling point of the 
solvent,  at  normal  p re s su re ,  the cuvette descr ibed in [11] was used. The spec t ra  of the vapors were obtaine(~ 
with a quar tz  cuvette 75 mm long. Fluorite windows were clamped to the end of the cuvette through the rme-  
stable rubber  gaskets .  To remove t r aces  of water ,  the cuvette with crysta l l ine  AA was conditioned under 
vacuum at  t empera tu res  of 100-150~ then evacuated and sealed off f rom the vacuum apparatus.  We s y n t h e -  
sized DBG accord ing  to the method descr ibed in [9]. The puri ty of all the substances was monitored spect ro-  
scopically.  

Figure l a  presents  the spect ra  of solutions of DBG in CH3OH and CCI 4. In the spec t rum of a solution in 
methanol, a band with frequency 1640 cm -1 is observed,  cha rac te r i s t i c  of the vibration vaCO 2- of the ionized e a r -  
boxyl group. The position and intensity of the band a re  unchanged with changing concentrat ion or t empera ture  
of the solution, as well as with replacement  of methanol by ethanol. An analogous band (1620 cm -1) is also p r e s -  
ent in the spec t rum of a solution of D20. Thus, in alcohol just as in aqueous solutions, DBG exists in a zwit- 
te r ion form HN+R2CH2CO2 - (M*).~ In this case the CO 2- and R2NH + groups a re  evidently bonded by a hydrogen 
bond to the solvent molecules .  In the spec t rum of a solution in CC1 o however,  at a concentrat ion ~ 10 -a M, de- 
te rmined by the solubility of DBG, the band 1770 cm -1 is observed,  as well as a very  weak band 3530 cm -1, 
cha rac te r i s t i c  of the free hydroxyl group. It is natural  to assume that the band 1770 cm -1 belongs to the vibra-  
tion ~C =O of the DBG molecules present  in solution in neutral  form NR2CH2COOH (M). The presence of ionic 
fo rms  could not be detected in solution in CCI 4. 

Higher concentrat ions of DBG (up to 10 -2 M) can be obtained in solutions with C6H~, C6H5CI, and C2HC13, 
the molecules  of which possess  proton acceptor  capacity.  In this case ,  in the region of 1600-1800 cm -1 at 
room tempera ture ,  two bands are  o b s e r v e d - i n  the region of 1635-1640 and 1765 cm -1 {Fig. lb, c). When the 
t empera tu re  is increased,  as when the concentrat ion decreases ,  the intensity of the band 1640 cm -1 falls, while 
that of the band 1765 cm -1 r i ses .  At the t empera tu re  120~ only the band 1765 cm -1, analogous to the band in 
the spec t rum of a solution in CC1 o remains  in the spec t rum of a solution in C6H5C1. Undoubtedly this band be- 
longs to DBG monomers  of the M type. This is a lso confirmed by the appearance of the bands ~OH with inc reas -  

tAccording to [5], the band around 1620 cm -1 is cha rac te r i s t i c  of the zwitterion form of glycine and other AA in 
aqueous solutions in a broad range of pH (pD); the band of the anion, lying 30 -40cm TM lower, appears  in D20 at 
pD 7" 10-12. 

Trans la ted  f rom Zhurnal Prikladnoi  Spektroskopii ,  Vol. 31, No. 2, pp. 275-282, August, 1979. Original 
ar t ic le  submitted July 20, 1978. 
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Fig. 1. Spectra  of solutions of DBG in CI-I3OI-I, 0.3 M 
11); CCla, 0.00026 M (21; C6H5C1, 0.025 M 11'-3');  
C2HC13, 0.05 M (I", 2"I and 0.0O5M (3"); T=26 (1, 1', 
2, 1", 3"), 50 (2') ,  110 (3'), 80~ 12"). 

ing t empera tu re  (3510 cm - t  in C6H 6 and C6HsCI and 3520 cm - t  in C2HC13). The behavior  of the band 1640 cm-  
is the bas is  for  taking it a s  d imer ic .  Since the value 1640 cm -1 i s  typical  of uaCO~, it is evident that  the 
d imer  has an ionic s t ruc tu re  of the type 

0 R 2 

0... H--N 

H2c / \oH (D*) 
\ r  e/ z 
) N - - H . . . O ? C  

R z 0 

This conclusion ag rees  with the resul ts  of [8, 9]. Thus, in the enumerated  solvents there  i s  an equil ibrium be-  
tween the molecular  monomers  and ionic d imers  

2M ~ D*. (1) 

The picture is complicated for a s t rong polar  so lven t - ace ton i t r i l e  (Fig. 2a). in the case  of a solution of 
DBG in CH3CN at concentra t ions  ~ 10,1 M, the band of the molecular  fo rm with frequency 1760 cra -1 has low in- 
tensi ty  at  room tempera tu re .  The band Of the ionic fo rm is an intense doublet with frequencies ~1635 and 
~ 1650 cm -1. When the concentrat ion is lowered to N 10-3 M, the intensity of the low-frequency component of 
the doublet is substant ial ly reduced.  An increase  in the t empera tu re  at  such concentrat ions leads to an increase  
in the intensity of the band of the molecular  form at the expense of the band 1650 cm -1. At the t empera tu re  
72~ the intensit ies of these two bands become of the same order  of magnitude. These changes can be explained 
as follows. The band 1635 cm -1 belongs to d imers ,  while monomers  exist  in two f o r m s - M  and M* (the bands 
1760 and 1650 cm -1, respect ively) ,  existing at equil ibrium: 

M ~ M*. (2) 

The shift of the equil ibrium in the direct ion of the molecular  form with increas ing tempera tu re  is evidence that 
the zwit ter ion formed in this case is energet ica l ly  more  stable.  

The situation changes again for another s t rongly polar  so iven t -d ime thy l  sulfoxide (Fig. 2c). In this case 
an ionic form also predominates  in solution, while the band of the molecular  fo rm has a frequency of ~ 1725 
cm -1, which is evidently explained by the formation of the H-bond COOH...O =S.  For this reason,  the concen- 
t ra t ion of d imers  is also lower thanin the  preceding cases .  Actually, the band of the ionic form 1640 cm - t  
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Fig. 2. Spectra  of solutions of DBG in CH3CN (a), CHCI3 (b), and (CH3)2SO 
(c); 0.1 (1, 1'), 0.0063 (2, 3), 0.0016 (2', 3') and 0.05 M (1", 2w)i T =26 a ,  2, 1' ,  
2 ' ,  1"), 72 (3), 50 (3') and 80~ (2"). 

Fig. 3. Spectra of solutions of DBG in 0.0015 (a) and 0.025 M (b, c) C2HCI 3 
(solid curves)  and of the same solutions in the presence  of 0.015 M (CH3)2SO 
(it), 0.4 M CH3OH {b), and 0.4 M HCI (c) (dashed curves) .  

changes negligibly when the solution is diluted, and, consequently, is due chiefly to absorpt ion of the monomers  
M*. Thus, in solution in (CH3)2SO the equi l ibr ium (2) predominates ;  both forms (M and M*) are  bonded to the 
solvent molecule by a s t rong hydrogen bond. 

It might be thought that the appearance of a stable bipolar ion in solutions in CH3CN and (CH3)2SO is ex- 
plained by a stabil ization in a medium with e lec t r ic  constant  (e = 37 and 45, respect ively) .  However,  in solu- 
tions in alcohols ,  the die lect r ic  constant of which is lower, the neutral  form is absent  al together;  moreover ,  
an identical  picture is observed for CH3OH and C2H5OH (e = 32 and 24). Moreover ,  the existence of the equilib- 
r ium (2) could also be r ecorded  in solution in ch lo ro fo rm (e = 4.3). F rom Fig. 2b it is evident that two bands 
a re  p resen t  in the region of absorpt ion of the ionic f o r m - 1 6 3 5  and 1650 cm -1. At a concentrat ion of ~ 10 -1 M, 
the second of them is masked by the more  intense f i rs t .  The band of the molecular  monomer  at 1760 cm -1 also 
has a very  low intensity. With dilution of the solution, the intensity of the band 1635 em -1, belonging to D* 
falls, while the intensi t ies of the bands 1650 and 1760 cm -1 show a cor re la ted  increase .  Jus t  as in the case of 
CHaCN , this permi t s  an ass ignment  of these bands to the forms M* and M, respect ively .  Thus, in solutions in 
CHCI 3 and CH3CN there  is a complex equil ibrium between ionic d imers  and two types of monomers :  

2M K 

Here K t, K 2, and K' 2 a re  equil ibrium constants .  Table 1 presents  the values of these constants at 25~ deter-  
mined according  to the intensit ies of the bands 1635, 1650, and 1760 cm - t ,  and the corresponding values of the 
enthalpies,  found according to their  t empera tu re  dependence in the interval  20-60~ The bands were separated 
graphical ly.  A determinat ion of the concentrat ions of var ious forms was per formed on the assumption that the 
integral  absorpt ion coefficients (e) of the bands u C = O  and uaCO 2- do not depend on the tempera ture  and that 
(e) vaCO 2- .is the same in M* and D*, calculated per  molecule.  The numer ica l  value of (a) v C = O  was de te r -  
mined according to the spect ra  of DBG in CC14 and in C6I-IsCI at high t empera tu res ,  when the concentrat ion of 
the .ionic form is negligible. We measured  (e)uaCO ~ according to the spect ra  of alcohol solutions. The values 
of ~H were determined both according to the t empera tu re  dependence of the equil ibrium constants and direct ly  
according  to the t empera tu re  dependence of the rat io of the intensities of the bands of the monomers  and dimers.  
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TABLE 1. Thermodynamic  Charac te r i s t i c s  of Equilibria in a Solu- 
tion of DBG in CHC1 a 

Kp liter~ [ liters/mole AHI' AH2' - AH'z' 
mole | K~. liters/mole K'~. kcal/mole kcal/mole kcal/mole 

7,5_1 6 1  22• 0,9~0,3 I 3500d-1500 I 2400-b1400 
I 

The la t ter  method does not requi re  a knowledge of the numer ica l  values of (e). These data give an idea of the 
energe t ics  of var ious s t ruc tu res  of DBG in solution in CHC13. The value of AH 1 is of the same order  as the 
enthalpy change in the t r ans fe r  of a proton in the complex carboxyl ic  a c i d -  amine [12]. 

A common cha rac te r i s t i c  of alcohols  and ch lo roform is the presence  of proton donor groups XH in their  
molecules .  In these solvents,  the stable ionic fo rm of DBG can exist  by the formation of a hydrogen bond 
CO 2- ...I-IX. In solution in CHCI3, this e f fec t  leads to the appearance of a cer ta in  amount of the form M* and the 
es tabl ishment  of equi l ibr ium (3). In the case of alcohol, which is a s t ronger  proton donor, the equil ibrium is 
ent i re ly  shifted in the di rect ion of M*. Analogous effects were observed ea r l i e r  in [13, 14], devoted to the in- 
vestigation of equil ibria in carboxyl ic  a c i d - a m i n e  sys tems .  

Hence, it can be concluded that the s t ruc ture  of AA in solutions depends not only on the polar proper t ies  
of the solvent,  but a lso on the na tu re  of  the specific interact ions of AA with solvent molecules .  This conclusion 
is conf i rmed by exper iments  with t e r n a r y  sys t ems  DBG + iner t  solvent+ proton donor or acceptor  (Fig. 3). 
Thus, as dimethyl sulfoxide is added to a solution of DBG in C2HC13, the band of the molecular  form 1765 cm -1 
is weakened, and a new band 1725 cm -1 appears ,  s imi la r  to the band in the spec t rum of a solution in dimethyl 
sulfoxide and evidently belonging to  uC=-O of DBGin  a complex with (CH3)2SO. The band of the ionic form is al-  
so weakened in this case ,  since the concentra t ion of (CH3)2SO iS low (N 10-3 M), and the dielectr ic  constant of 
the solution is low. When CH3OH is added, however,  there  is an increase  in the intensity of the band of the ionic 
fo rm and a dec rease ,  and then total d isappearance of the band of the molecular  fo rm (formation of a bond 
CO 2- ...HOCH3). Finally, when hydrogen chloride is added to the solution (Fig. 3c), both bands disappear,  and a 
new band appears  at 1730 cm -1. In this case the HCI molecule is bonded to the ni trogen atom, while the ca r -  
bonyl group remains  unionized. 

To determine the s t ruc ture  of isolated AA molecules ,  unperturbed by interact ion with the surrounding 
me d i um,  an investigation was made of the IR spect ra  of vapors  of DBG in glycine at increased  t empera tu res .  
I n  the case of DBG the vapor p r e s s u r e  was sufficient for  recording  the spec t r awi th the  cuvette descr ibed a t the  
t empera tu re s  140-150~ F r o m  Fig. 4 it is evident that at such t empera tu res  the band 3570 cm -1, typical  ofthe 
free hydroxyl  group, severa l  bands of the C4H 9 group (in the region of 2800-3000 cm-1), and two overlapping 
bands in the region of vC--O (1720 and 1790 cm -1) a re  present  in the spect rum.  When the tempera ture  is fur ther  
increased,  the bands 3570, 1790, and 2800-3000 cm-1  show a cor re la ted  increase ,  while the intensity of the band 1720 
cm -~ inc reases  negligibly, and then evidently even dec reases ,  which is difficult to determine exactly on account 
of the overlapping of the bands. The compara t ive ly  smal l  half-widths of these bands and the absence of distin- 
guishable t r a ce s  of rotat ional  s t ruc ture  conf i rm the fact  that the bands belong prec ise ly  to DBG, and not to 
l ighter products  of its pyrolys is .  The bands of such products (CO2, CH4, etc.) actually appear  at t empera tu res  

200~ and above;  in this case the intensi ty of all the enumerated bands of DBG begin to decrease .  The origin 
of the band 1720 cm -1 is not ent i re ly  c lear .  Most likely it belongs to molecular - type  d imers  of DBG. Analogous 
bands 1720 and 1800 cm -1 were a lso  r ecorded  in the case  of glycine; however the density of glycine vapors i s  
low even at the t empera tu res  195 to 200~ In this case the intensity of the bands in the region of vC--O is al- 
so ve ry  low, while the bands ~ OH cannot be observed at all. Fur ther  increas ing the tempera ture ,  just as in the 
case of DBG, leads to decomposi t ion of the AA, accompanied by the appearance of the bands of NH3, H20 , CO2, 
etc.  Thus, the data obtained a re  evidence that in the gas phase glycine and dibutylglycine are  neutral  molecules.  
In both cases ,  no bands typical of ionic s t ruc tu res  were detected. Consequently, in contras t  to the resul ts  of the 
calculat ions [7], w e  c a n  c o n c l u d e  that  in t ramolecular  t r ans fe r  of a proton in an isolated AA molecule ,  with the 
format ion of a zwitterion, is energet ica l ly  unprofitable. 

The mechan i sm of the formation of ionic forms of AA in the condensed phase evidently differs in differ-  
ent solvents.  In aqueous and alcohol solutions,  proton t r ans fe r  occurs  with the d i rec t  participation of the sol-  
vent molecules ,  for example,  in two steps:  f i rs t  f rom the hydroxyl group to the solvent, and then f rom the sol-  
vent to the amino group. In the case  of more  inert  solvent sys tems ,  however,  the role of the medium in the for-  
mation of ionic fo rms  evidently consis ts  of a lowering of the free energy  of the these forms on account of or ien-  
tation and polar izat ion of the solvent molecules ,  the formation of weak hydrogen bonds, etc. In the formation of 
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an ionic-type cycl ic  d imer  in a nonpolar solvent, there  is an in termolecular  t r ans fe r  of two protons along hy- 
drogen bonds O -  H...N. The format ion of a zwitterion can occur  ei ther  as a resul t  of dissociat ion of the dimer  
or,  which is more  probable, by in t ramolecular  proton t rans fe r .  In both cases  the energet ics  of the process  
should depend substantial ly on the presence  or absence of an in t ramolecular  hydrogen bond in the glycine and 
DBG molecules .  According to [8], an anomalously  high value of the frequency ~C=O (1760-1780 cm -1) in the 
spec t ra  of the neutral  form of a - a m i n o  acids indicates the presence  of an int ramolecuiar  H-bond COOH...N 
(c is - form).  The position of the signal of the proton of the OH group in the NMR spec t rum of a solution of DBG 
in CCI 4 (5 = 12.2 ppm) also supports  this assumption.  However, in the IR spect ra  of DBG in the gas and in an 
inert  solvent,  as has a l ready been noted, a band typical of the free hydroxyl group in present .  Consequently, at 
least  par t  of the DBG molecules  are  in a state without an in t ramolecular  H-bond (gauche-form).  Unfortunately, 
a dist inct  picture of equil ibrium between the c is -  and gauche- fo rms  could not be observed.  In the spec t rum of 
the gas phase, no bands that might be assigned to vOH of the c i s - f o r m  are  observed.  However, these spectra  
were recorded  at high t empera tu res ,  when the c i s -gauche-equi l ibr ium,  if it exists ,  might be s trongly shifted in 
the direct ion of the gauche-conformer .  In the case of solution in CC14, together with the band 3530 cm -1, weak 
absorpt ion is recorded  in a broad region, 2700-3200 cm-1. But when the tempera ture  is varied in the interval  
20-70~ no appreciable  redis t r ibut ion of the intensit ies occurs .  Expansion of the tempera ture  interval,  how- 
ever ,  is prevented by chemical  instabili ty of CC14 at high t empera tu res .  The spec t rum of a solution in C6H 6 
was investigated all the way up to 200~ In this case an increase  in the band 3510 cm -1 could be observed,  
while the region 2800-3300 cm -1 is inaccess ible  on account  of the absorpt ion of the solvent. In the region of 
pC--O, in the spee t ra  of all the solutions of DBG, together with the band 1760-1770 cm -1, a shoulder is present  
around 1730-1740 cm -1 (see Figs.  1-4). However,  the shoulder does not exer t  any distinct t empera ture  depen- 
dence (possibly on account  of overlapping with other,  s t ronger  bands), and its interpretat ion remains  obscure.  
Thus, the question of an in t ramolecula r  H-bond in the neutral  fo rm of the investigated amino acids will require  
fur ther  study. 

Hence, the data obtained permit  us to draw the following conclusions.  In a gas in inert  solvents,  free 
molecules  (monomers) of DBG exist  in the neutral  form. In inert  and weakly proton acceptor  solvents,  at a suf- 
ficient DBG concentrat ion,  d imers  possess ing  an ionic s t ruc ture  may be formed. Stabilization ofthe zwitterion 
fo rm of the monomer  occurs  in solvents with high die lect r ic  constant,  as well as in the presence  of proton 
donor groups in the solvent molecules .  In cer ta in  solvents an equil ibrium can be observed between the molec -  
u la r  m o n o m e r  and the zwitterion. In polar solvents,  the molecules,  of which possess  high proton acceptor  
capacity,  no d imer  format ion occurs ,  and there  is an equil ibrium between AA molecules bonded to the solvent 
by an H-bond and zwitterions.  In aqueous and alcohol solutions, the only observable form is the zwitterion. 

The authors  are  grateful  to N. S. Golubev for obtaining the NMR spec t rum of DBG and his useful discus-  
sion and to V. A. Mikheev, who part icipated in the i ,vest igat ions of the spectra  of the vapors.  
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A N A L Y S I S  O F  T H E  UV S P E C T R A  O F  M O D E L  L I G N I N  

S U B S T A N C E S  O F  T H E  P H E N O L  S E R I E S  

K.  G. B o g o l i t s y n  a n d  I .  M. B o k h o v k i n  UDC 535.33:547.992.3 

Ultraviolet  spec t roscopy  is one of the widely used physicochemical  methods of investigating various pro- 
c e s se s  in the c h e m i s t r y  of wood pulp and cel lulose.  

A se r i e s  of papers  [1-9] has been devoted to the problem of investigating the UV spectra  of model lignin 
substances .  However an analys is  of the published data with respec t  to the composi te  absorpt ion contours of 
lignin substances showed that the ve ry  same bands of the spec t rum are  attr ibuted by the various authors to dif- 
ferent  par ts  of the molecule,  a s e r i e s  of overlapping bands remains  unmentioned, and the shortwave region of 
the spec t ra  below 230-240 nm is usually not interpreted.  

Although the resul ts  of the resolut ion of t he  overal l  absorpt ion contours and the detection of individual 
bands and their  identification are  given in a number  of papers  [10-16], such an approach to the UV spec t roscopy 
of lignin never the less  has not found broad use in the investigation of the chemical  p rocesses .  

In this paper  an at tempt has been made to resolve  the overal l  absorpt ion contours of a se r ies  of model 
ligin substances  of a phenolic nature in the UV region of the spec t rum and to in terpre t  the individual bands ob- 
tained. 

In o rder  to attain the establ ished goal in the spec t roscopy  of organic compounds various methods of de- 
picting rounded bands with analytical  functions a re  used employing a nonlinear approximation by least squares .  
At this t ime, Gaussian and Lorentz ian shapes of the bands are  used, and also their  sums and other combina- 
t ions.  The choice of the method is made on the basis  of comparing the degree of convergence of the se r ies  and 
according  to the calculation t ime n e c e s s a r y  to attain the desi red resul t ,  an approximation.  

The UV spect ra  of the model substances  investigated were run in neutral  and alkaline mediums on a Pie-  
Unieam SP-1800 spec t rophotometer  in the 195-400-nm region. In o rder  to resolve  the overal l  absorpt ion con- 
tour  into individual bands, the lat ter  were recons t ruc ted  on the coordinates  D =f  (in v, cm-1). The calculations 
were ca r r i ed  out on a computer  using a nonlinear approximation by the l eas t - squares  method based on the fact 
that  the absorpt ion distr ibution in the contours  of the individual bands conforms to a normal  Gaussian dis tr ibu-  
tion. The resolut ion of the overal l  absorpt ion contours was ca r r i ed  out f rom the long wave less loaded region 
assigning an orientat ion number  to the Gaussian components and achieving convergence of the calculated con- 
tours  with the experimental  one not exceeding 5%. Otherwise an additional co r rec t ion  to the number of Gauss-  
Jan components and the i r  half-widths was ca r r i ed  out. 
equation 

The contours were checked by subjecting them to the 

4 (V i ~ ~max)  2 ] In 2, (1) Di = Dm~x exp o ~ ] 

where D i, Dmax is the absorpt ion for the i - th  frequency or the frequency of the maximum; vi, Vma x is the i- th 
frequency or frequency of the maximum; a is the half-width of the absorption.  

Trans la ted  f rom Zhurnal Prikladnoi Spektroskopii ,  Vol. 31, No. 2, pp. 283-287, August, 1979. Original 
a r t ic le  submitted August 4, 1978. 
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