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6.1 C vclen-M ethanol Potential Function

In the first part o f  this w ork, detail developm ent o f  the in term olecu lar potential 
function for cyclen and m ethanol was presented using the ST O -3G /SC F calculations. 
T he function  w as fitted and tested  until convergency o f  standard deviation  in the final 
step o f  0.95 kcal/m ol for 600 SCF data points w as reached.

T he final form  o f  cyclen-m ethanol potential function is
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w here Ajj and Bjj are fitting param eters. r;j is the distance (in  atom ic unit) betw een the 
ith atom  o f  m ethanol and the jth  atom  o f  cyclen. q ; and qj are the  n e t charges o f  the 
ith atom  o f  m ethanol and the j th  atom  o f  cyclen, respectively.

6.2 C vclen-W ater-M ethanol Sim ulation

In  the second part, the M onte Carlo sim ulation for one cyclen m olecule in the 
m ixture o f  165 w ater and 37 m ethanol m olecules has been perfo rm ed  using  the new ly 
develop cyclen-m ethanol potential function together w ith the w ater-w ater, w ater- 
m ethanol, m ethanol-m ethanol and cyclen-w ater functions taken from  literatures. T he 
system  w as perform ed at 298 K , 1 atm ., and the experim ental density  o f  0.96 g /cm 3. 
T he resu lting  solvation structure around ligand can be sum m arized as :

1) T w o w ater m olecules locate unsym m etrically  by  poin ting  the O -H  bond tow ard 
the ligand 's cavity. T he distances betw een center o f  m ass o f  cyclen and the oxygen atom  
is 2.3-3 .4  Â  for พ  1 and 3 .4-4 .0  Â  for พ 2 above and below  the m olecu lar center.
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2) F our w ater m olecules lie in the region around N H  functional groups o f  cyclen. 

T hey  are he ld  in p lace by form ing hydrogm  bond w ith  the first tw o w ater m olecules, 
bu t no t w ith  the N H  groups.

3) T he second solvation shell o f  cyclen still consists m ain ly  o f  w ater m olecules, 
i.e., 23-24 w ater and only one m ethanol m olecules. T his m ethanol m olecule is found to 
form  hydrogen  bond with พ 2 .

4) A n arrangem ent o f  solvent m olecules around cyclen has been  observed up to 
the th ird  shell, 8-9 Â  far from  the m olecular center, w hile ideal characters o f  bulk 
solvents w ere no t disturbed.

6.3 Suggestions for Future W ork

1) A s it has already been m entioned in page 22 about the ju stifica tion  o f  
em ploying  STO -3G  basis set in this w ork, it is thought that such ju stifica tion  is still 
valid  fo r o ther sim ilar system s that m ay be topics o f  further study.

2) In  this study it was found that two w ater m olecules are strongly  coordinated  to 
the ligand  and hydrogen bonding to the donor atom s o f  cyclen (N H ) w ere no t detected 
w hich resu lted  from  a w eaker ligand-solvent in teractions than solvent-solvent 
in teractions. R elative sizes betw een solvent and solvent, ligand and solvent are 
responsib le for such a nature o f  interactions thus observed (C H 3 OH > H 2 0 ,  cyclen »  
C H 3 O H, cyclen » >  H 2 0 ) .  It is therefore thought w orthw hile  to recom m end  for future 
study on system s w ith the follow ing characters ะ

- a system  w here the ligand-solvent in teraction is stronger than the solvent-solvent
one,

- a system  w here the ligand cavity is bigger, for exam ple those sim ilar to cyclen 
bu t w ith 5, 6  and 7 donor atom s, and

- a system  w here the solvent m olecules is larger than the previous investigated 
system s, for exam ple form ic acid (H C O O H ), acetic acid (C H 3 CO O H ) etc.
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