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Indexes of hydrophobic hydration of aliphatic amino acids derived by millimeter 
spectroscopy (31.42 GHz) give a linear correlation with the accessible surface area of the side 
chains. 
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The  in terac t ion  o f  amphiphi l ic  compounds  with wa- 
ter  results in two interre la ted phenomena ,  viz., hydro-  
phobic  hydra t ion  (HH)  and hydrophobic  interact ions 
(HI) ,  which are o f  great  impor tance  for various chemi-  
cal and biological  s y s t e m s )  ,2 The quanti tat ive es t ima-  
t ion of  the  cor responding  effects is c o m m o n l y  made on 
the basis of  indirect  data,  e.g., the  par t i t ion in the 
wa te r - -oc t ano l  system, 3 mic roea lo r imet ry  o f  solutions,  2 
etc. 

Previously,  the  absorpt ion mi l l imete r  spectroscopy 
( M M S )  in the  3- -10  cm -1 (300--100 G H z )  range was 
proposed  as a direct  me thod  for investigation of  hydra-  
t ion effects in solut ions of  alcohols,  4 methylureas  5 and 
the o ther  amphiph i l i c  compounds .  6 It was possible to 
es t imate  the  numbers  of  hydrophobic  hydra t ion  of  a 
series of  hydrocarbon  radicals  using the M M S  method.  
Recent ly ,  a new modif ica t ion  of  the M M S  method  7 in 

the 0.75--1.3 cm -1 (30--40 G H z )  range based on the 
"wave-guide dielectr ic  resonance" effect has been pro-  
posed. In  the present  work, this me thod  is used to study 
HH-effec ts  in di luted aqueous solutions o f  a l iphat ic  
a - a m i n o  acids (also of  low solubili ty),  which exist in the 
form of  zwitterions ( H 3 N + C H R C O O - ) .  

Experimental 

The absorption measurements for aqueous solutions of 
glycine, L-alanine, L-valine, L-leueine, and L-isoteucine were 
performed at 31.42 GHz at 30 ~ with accuracy of at least 
+_4%. Absorptions (c~/dB-mm -1) were estimated using the 
formula c~ = - lg  I/I o , where I 0 is an intensity of the initial 
radiation, and I is the intensity of radiation after passing 
through the solution. The hydration effects of amino acids 
were calculated as the difference (5c0 between the absorption 
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of the solution (C%xp) and the theoretical contribution of an 
aqueous component (• CI) using the equation: 

(3(~ = (Zex p - -  ~ I C 1 ,  

where C 1 and • are the concentration and the extinction 
coefficient of pure water, respectively. 

Results and Discussion 

The concen t ra t ion  dependences  of  a t tenuat ion  of  the 
e lec t romagnet ic  radia t ion at 1.05 cm -1 by solutions of  
glycine and L- leuc ine  are presented in Fig. 1. These 
two amino  acids  differ great ly in hydrophobic i ty  of  the 
side chains.  As can be seen in Fig. 1, the l inear depend-  
ence between the absorpt ion and the concentra t ion  of  
glycine and leucine (C2) in the 0 .1--1 .0  mass. % range 
holds. Previously, it has been shown that in the mil l imeter  
range the difference between the measured  values O~ex p 

and the expected contr ibut ion  of  the aqueous compo-  
nent  to the absorpt ion  (• C1) is the  result of  a change in 
state of  water  molecules  in the hydrat ion shells o f  the 
solute molecule  6 (the absorpt ion frequency range for 
amino acids is far beyond the mi l l imeter  wavelength 
range). The existence of  l inear  functions a(C2) (Fig. 1) 
al lowed us to calculate  the  indexes o f  hydrat ion N = 
8a / •  1C 2 (Table 1). The data  obta ined demonst ra te  that  
observed hydra t ion  effects increase with an increase in 
the hydrophobic  radical  R. 

The dependence  of  N on the molecu la r  weight of  the 
amino  acid M 2 (Fig. 2) is not  l inear  and tends toward 
saturation. This fact might  indicate a decrease in the 
contr ibut ion  of  volumes o f  the  - - C H  2 -  and CH 3 -  
groups to the hydra t ion  as the  total  volume of  the side 
chain R is increased.  The dependence  of  N on the 
accessible surface area (ASA) of  the amino acid residues 8 
is o f  ano ther  type. In Fig. 3 a good l inear  correlat ion 
between the hydra t ion  effects and the surface of  the 
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Fig. 1. Dependence of absorption on concentration (C 2 
/retool �9 L - t )  for L-leucine (I) and glycine (2). The theoretical 
contribution of the aqueous component for L-leucine (3) and 
glycine (4) solutions. 

Table 1. Hydration indexes N = 8o~/• 2 of the aliphatic 
amino acids N+H3CHRCOO - 

Amino R C 2 8a N ASA 
acid mol L - t  dB mm -1 3, 2 

Glycine H 0.134 0.036 3.8 73.4 
L-Alanine Me 0.112 0.123 t5.1 104.0 
L-Valine CHMe 2 0.0854 0.177 30.2 143.9 
L-Leucine CHMeCH2Me 0.0762 0.177 33.7 161.4 
L-Isoleucine CH2CHMe 2 0.0762 0.201 37.4 171.5 

hydrated side group R is clearly seen. By defini t ion,  the  
hydrat ion is the  effect of  interact ion of  the  water  mol -  
ecule with the surface a tomic  groups of  the  molecules.  
Therefore,  one can assume N as a quanti ta t ive measure  
(index) of  hydrat ion of  the solute. 
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Fig. 2. Dependence of the hydration index of the aliphatic 
amino acids on the molecular weight. (1) glycine, (2) L-alanine, 
(3) L-valine, (4) L-leucine, (5) L-isoleucine. 
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Fig. 3. Dependence of the hydration index on the accessible 
surface area (ASA) for the aliphatic amino acids. The designa- 
tions of the amino acids see in Fig. 2. 
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The index obtained by MMS includes at least two 
components, 6 v/z., the contributions of hydrophilic (Np) 
and hydrophobic (Ng) hydrations: N = N p + N  R. Since 
the cont r ibut ion  of the zwitterion fragment  
(H3N+CHCOO - )  to hydration must be constant, the 
increase in N proceeds parallel with the increase in ASA 
(Table 1). This effect is clearly demonstrated by the 
magnitude of the N/ASA values: N/ASA is 0.052 for 
glycine, 0.145 for alanine, 0.210 for valine, 0.210 for 
leucine, and 0.218 for isoleucine. Hence, the HH-effects 
give the main contribution to non-additivity of absorp- 
tion measured by MMS. If the hydrophilic contributions 
of all the amino acids are equal, therefore N R depends 
upon H H  of the hydrophobic radical, i.e.,. ASA (Fig. 3). 
The slope of the straight line in Fig. 3 is in accordance 
with the increase in hydration index AN R = 0.345_+0.015 
per 1 ]k 2 ( f  = 0.997). This indicates high sensitivity of 
the method used for estimation of the effects of the 
hydrophobic hydration. 

The numbers of hydrophobic hydration (No R) in a 
series of aliphatic alcohols 4 containing all the hydro- 
phobic groups R, for which the indexes of hydration (N) 
are determined in the present work, were measured 
previously by the MMS in the frequency range of 
100--300 G H z  at 25~ The linear correlation between 
No R and the N values with the slope of 2.8 holds. This 
additionally indicates the possibility of using the N 
values as the hydrophobic hydration indexes. The proce- 
dure of measurements at 30--40 G H z  7 is rather simple 
and more sensitive in contrast to the one reported 
previously, in which the range 100--300 G H z  was used. 4 
This allows one to estimate experimentally the hydro- 

phobic hydration numbers (No R ) both for the wide set of 
hydrophobic groups R and for other homologous series 
on the basis of 8a/• 1C 1 data in diluted solutions, using 
the corresponding correlation equations between MMS 
data obtained in the different frequency ranges and at 
different temperatures. 

We believe that application of MMS in the 30-- 
40 GHz  range is a promising method for studies of 
interactions of different substances with water. 
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