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Hydration of complexes of 18-crown-6 with potassium 
nitrate or potassium picrate in the polymer phase 
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Adsorption of water vapor by granular polymer based on dibenzo-18-crown-6 and 
containing potassium nitrate or potassium picrate in the polymer phase was studied by the 
isopiestic method at 298 K. The adsorption of water vapor is described by isotherms 
corresponding (according to BDDT classification) to polymolecular adsorption with a high 
adsorptive potential. In terms of the Aranovich model of polymolecular adsorption, the 
monolayer capacity and differential heat of adsorption were calculated, and the stoichiom- 
etry of hydration of the potassium nitrate and potassium picrate complexes with immobilized 
crown ether was estimated. 
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We have previously studied ! the the rmodynamics  
and mechan i sm of  in teract ion o f  c rown-con ta in ing  sor- 
bents with e lectrolytes  in polar  solvents. The interact ion 
o f  the c rown-con ta in ing  po lymer  phase with an e lec t ro-  
lyte I with account  for the solvent  effect is described by 
the fol lowing scheme:  

Cr -mH20 + Maq + + Anaq- = { ~-r-rM § + 

+ ~ - } "  nH20 + a q .  (I) 

Here Cr  is the macrocycl ic  ligand, Anaq- and Maq + are 
the anion and ca t ion  in the solution,  and the dash 
designates the po lymer  phase. Process ( t )  can be ex- 
pressed by a combina t ion  o f  independent  reactions: the 
formation o f  a complex  in vacuo (a), hydrat ion o f  the 
macrocycl ic  ligand (b), cat ion (c), anion (d), and the 
complex  formed (e). 

C~ + M+ + A n - =  C - ~  + )- ~ -  (a) 

Cr + mH20 = Cr, n ' m H 2 0 ,  (b) 

M ~ + aq = Maq +, (c) 

An- + aq = Anaq-, (d) 

ICT-~ ~+ An-I + ni l20 = (~7~++ ~ - I "  nazO- (e) 

The  purpose o f  the present  work is to study the 
cont r ibut ion  o f  hydra t ion  o f  the po lymer  to the Gibbs 
free energy of  fo rmat ion  o f  potassium nitrate and picrate 
complexes with macrocycl ic  ligands in the polymer phase. 

Experimental 

Polymer obtained by the grantllar polycondensation of 
dibenzo-18-crown-6 with formaldehyde by the known proce- 
dure z was used. The polymer contained 2.4 moles of  the 
crown ether per kg polymer. 

Potassium nitrate (reagent grade) was used. Potassium 
picrate was obtained by neutralization of potassium hydroxide 
with picric acid. The content of picrate ions was determined by 
spectrophotometry at ~. = 335 nm. The concentration of ni- 
trate ions was determined by exchange for chloride ions on 
AB-17-8, and chloride ions were controlled by mercurimetry. 
Sorption of electrolytes was carried ou t  under static conditions 
at 298 K. 

Adsorption isotherms of water vapor were obtained by the 
isopiestic method at 298.15 K using the known procedure. 3 
Solutions of sulfuric acid with different concentrations were 
used as the liquids creating a specified pressure of  water vapor. 

The experimental data on adsorption of water vapor by the 
polymer are presented in Fig. 1. The equation of polyrnolecular 
adsorption was used for processing o f  the experimental data: 4 

aw/(I - aw)~ = I/qmC + aw/qm, (2) 

where a w is the activity of water; q is the adsorption value; qra 
is the capacity of the monomolecular layer; C = [exp(-Q/RT) 
- llpv/pl, where Q is the pure heat of adsorption; Pv is the 
density of water vapor; Pl is the density of the liquid; T is 
temperature; and R is the universal gas constant. The experi- 
mental results were processed by the least-square method with 
confidence probability 0.95. 

The integral free energy of polymer swelling was calculated 
by the equation: 5 

~'w / P 0 
a G ~  = - R T  ~ sdln(p,dpo) + sR71n(pw/po), (3) 

o 

where the first term is the change in the free energy when 
1 mole of the dry polymer is added to an infinitely large 
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Fig. 1. Adsorption of water vapor by granular polymer based 
on dibenzo-18-crown-6 containing potassium picrate 
(0.18 tool kg - | )  (1); potassium nitrate (0.20 mol kg -1) (2); 
potassium nitrate (0.48 mol kg -L) (3); containing no electro- 
lyre (4); isotherm of desorption of water vapor from polymer 
containing no electrolyte (5). 

amount of water vapor with the partial pressure p,,; the second 
term is the change in the free energy when s moles of water 
are transferred from the pure liquid under the P0 pressure to an 
infinitely large amount of the polymer, which is in equilibrium 
with water vapor at the pressure Pw- 

Results and Discussion 

The shape of the experimental adsorption isotherms 
of water vapor (see Fig. 1) by the polymer containing 
potassium nitrate or picrate as complexes with the im- 
mobilized crown ether corresponds, according to the 
BDDT classification, 6 to polymolecular adsorption with 
a high adsorption potential. 

The experimental data processed in the linear coor- 
dinates of Eq. (2) are presented in Fig. 2. As can be 
seen in Fig. 2, Eq. (2) describes the results obtained at 
an activity of water equal to 0.05--0.80. The value of the 
linear correlation coefficient is 0.94--0.99. 

The results of processing of the experimental data on 
adsorption of water vapor by the crown-containing poly- 
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Fig. 2. Adsorption isotherms of water vapor by granular poly- 
mer containing potassium picrate (0.18 mol kg -1) (1), potas- 
sium nitrate (0.20 tool kg -I) (2), potassium nitrate 
(0.48 mol kg -t) (~,  and containing no electrolyte (4) in 
coordinates of Eq. (2). 

mer in terms of the model of polymolecular adsorption 
(Eq. (2)) are presented in Table 1: qm is the capacity of 
the monolayer in grams of adsorbed water per g dry 
polymer; nm is the capacity of the monolayer expressed 
as the number of adsorbed water molecules per crown 
ether group in the polymer; C is the parameter in the 
equation of the isotherm; Q is the heat of adsorption 
referred to one mole of adsorbed water. 

The data in Table 1 show that in the first coordina- 
tion sphere, approximately two water molecules (except 
complexes of potassium picrate) fall on one crown ether 
group. This corresponds to the data 7 of quantum-chemi-  
cal calculations by the CNDO/2  method from a de- 
crease in the intrinsic energy of coordination com- 
pounds of 18-crown-6 with K + cations hydrated by two 
water molecules compared to the nonhydrated com- 
plexes in vacuo. Perhaps, adsorbed water molecules are 
localized near polar functional groups of the crown ether 
or its complexes with electrolytes, and the introduction 
of potassium nitrate in the polymer phase does not 
change the capacity of the monomoleeular layer. 

Thus, in terms of the model of polymolecular ad- 
sorption used, we can estimate the stoichiometry of 

Table 1. Parameters of adsorption of water vapor by polymer containing potassium nitrate or 
picrate in complexes with immobilized crown ether 

Composition of complex 
Ligand Electrolyte 

(mol kg -t) 

qm" l0 -2 n m C - Q 

/gH2 o g-I /mOlH2 o molcr -I /El tool -t  

Cr 7.01+0.22 1 . 6 2 + 0 . 0 5  2.73+_0.08 28.87+0.07 
Cr KNO 3 (0.20) 7.2___0.7 1 . 6 9 + 0 . 1 5  3.83+_0.25 29.71+0.16 
Cr KNO 3 (0.48) 8.7+09 2.00+0.20 1.39.+_0.26 27.2+_0.5 
Cr KPic (0.18) 1.39_+0.06 0.32+0.01 11.78__+0.18 32.49+0.04 
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process (I) .  When potassium nitrate is chosen as the 
electrolyte,  process (I)  can be written in the form of  the 
following reaction 

Cr.2H20 + Kaq + + NO3a q- = 

= { Cr'l~ ~ + NO 3 }" 2H20 + aq. (4) 

The introduction of potassium picrate into the polymer 
(see Table 1, row 4) decreases the value of  adsorption 
capacity qm- This is probably due to the large size of the 
organic anion and its hydrophobicity. In the given case, 
the number of  adsorbed water molecules per adsorption 
center (nm) calculated in terms of the model 4 is a formal 
value. The heat of  adsorption changes insignificantly. 

The free energy AG of  reaction (4) includes the 
energies of  l igand--clectrolyte interaction AG a, solvation 
of  ligand AG~, solvation of cation AG e and anion AG a, 
and the free energy of  solvation of the complex formed 

a g e .  

,~G = a a ~  - ~Gb - ~Gc - ~ a d  + ~G~ (5) 

We present the values of  the Gibbs free energy 
(AG/kJ mo1-1) for process (4) and reactions (a), (b), 
(c), (d), and (e) using the transfer of  potassium nitrate 
from water into the crown-containing polymer as the 
example (the molali ty of  the complex in the polymer is 
equal to 0.48 tool kg-l) :  

aa ~;~ a~ ~Gc aGd aOe 

-3.8+0.1 -460.3 -50.3+1.0 -330.54 -288.70 -213-t-8 

The value of  the free energy of solvation of  the ligand 
AG b was obtained by Eq. (3) using the experimental data 
on adsorption of  water molecules by the polymer con- 
taining no electrolyte (see Fig. 1, curve 4). The values 
of energies of  complex formation AG and hydration of  
cation AG c and anion AG d in the polymer phase are 
taken from Refs. 8 and 9. The free energy of  solvation 
of  the complex formed AG e was calculated from the 
additive formula (6) for partial molar values: 1~ 

AGs~ = xl&Gb + x2AGe. (6) 

Here AGsw is the free energy of swelling calculated by 
Eq. (3) from the experimental  data on adsorption of 

water vapor by the polymer conta in ing  the free ligand 
and complex in the polymer phase  (see Fig. 1, curve 3); 
x t and x 2 are the molar fractions of  the free ligand and 
complex in the polymer phase,  respectively; and AG b 
and AG e are the molar free energies  of  hydrat ion of  the 
components in the polymer phase.  The AGa value of  the 
energy of  interaction of  potass ium nitrate with the mac- 
rocyclic ether calculated by Eq.  (5) agrees with the 
calculated data 7 on the fo rmat ion  o f  complexes with 
18-crown-6 with similar composi t ions  without account 
for conformational changes in t h e  ligand. 

This work was financially suppor ted  by the Russian 
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