
C H A P T E R  III

EXPERIM ENTAL

3.1 M aterials

2 ,4-D im ethy lphenol (99% ), 4-t-butylphenol, 4 -ethy lpheno l, sodium  
su lfate  anhydrous, propylam ine, cyclohexylam ine, and m ethy lam ine  (พ /พ  40 
% ) w ere purchased  from  F luka C hem icals (Buchs, Sw itzerland). C alcium  
chloride, barium  chloride tw o hydrates, cupric ch loride tw o hydrates and p -  
creso l w ere purchased  from  E. M erck  (G erm any). P henol, p icric  acid, 
ch loroform , m ethanol, sodium  hydroxide, and potassium  hydrox ide  w ere 
bough t from  A jax C hem icals (A ustralia). D ich lorom ethane, 1,4 d ioxane, and 
isopropanol w ere purchased  from  Lab-scan (T hailand). P arafo rm aldehyde 
w as purchased  from  Sigm a (U SA .). D iethylether w as bought from  Scharlau 
(B arcelona, Spain). All chem icals w ere used w ithout purification .

3.2 Instrum ents

3.2.1 F ourier T ransform  Infrared Spectrom eter (FTIR )
F T IR  spectra  w ere obtained from  a B ruker E quinox55 S pectrom eter 

w ith  32 scans at a reso lu tion  o f 4  cm '1 in the frequency range o f  4 ,0 00-400  
cm"1. N eat technique on Z nSe cell and sam ple pow der pressed w ith  K B r into 
a pe lle t w ere used.

3 .2 .2  V ortex  M ixer
V igorous shaking o f  the m ixture betw een organic and aqueous solution 

w as perfo rm ed  using V ortex  m ixer; G E N IE -2 Scientific Industries.
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3.2.3 U ltrav io let-V isib le  S pectrophotom eter (U V -V is)
P icrate  m etal ion concentration  in aqueous phase w as determ ined  by 

U ltrav io le t-V isib le  Spectrophotom etry, Perk in-E lm er L am da-16  Spectrom eter.

3 .2 .4  N uclear M aenetic  R esonance Spectrom eter (N M R )
F ourier transform  ]H -N M R  spectrom eter (A C F 200 M H z o f  B ru ker 

S w itzerland) w as used to determ ine the structures o f the prepared  com pounds.

3.2 .5 M ass Spectrom eter (M S)
T he c luster form ations o f benzoxazine derivatives and m etals w ere 

stud ied  by E lectrospray  M ass Spectrom eter, PE SC IEX  A PI III B iom olecu lar 
M ass A nalyzer.

3 .2 .6  X -ray  P ow der D iffraction  (X RD )
The structures o f  the com pounds and m etal com plexation  w ere  studied 

using X R D , R igaku R IN T 2000 w ide-angle  goniom eter. T he sam ples w ere 
observed  at 20  betw een 2-60° w ith  a scan speed o f  5°/min. C u K a  w as used  as 
an X -ray  source and operated  at 40  kV  and 30 m A  w ith  a N i filter.
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3.3.1 Preparation o f benzoxazine m onom er d e riv a tiv es; (3 ,4-dihydro- 
*3 ,6 ,8-trim ethyl-2H -l,3-benzoxazine 1, 3 ,4 -d ihyd ro -3 ,6 -d im ethy l-2H -l,3 - 
benzoxazine  2, 3 ,4 -d ihyd ro -6 -e thy l-3 -m ethy l-2 H -l,3 -benzoxazine  3, 3,4-
d ihydro -6 -r-bu ty l-3 -m ethy l-2H -l,3 -benzoxazine  4, 3 ,4-d ihydro-3-m ethyl-2H -
1.3- benzoxazine  5, 3 ,4 -d ihyd ro -6 ,8 -d im ethy l-3 -p ropy l-2H -l,3 -benzoxazine  6,
3 .4 - d ihydro -6 -m ethy l-3 -p ropy l-2 H -l,3 -benzo xazine  7, 3,4-d ihydro-6-ethyl-3- 
p ro p y l-2 H -l ,3-benzoxazine 8, 3 ,4 -d ihyd ro -6 -t-bu ty l-3 -p ropy l-2H -l ,3- 
benzoxazine  9, 3 ,4 -d ihyd ro -3 -p ropy l-2H -l,3 -benzoxazine  10, 3 ,4 -d ihydro-6 ,8 - 
d im ethy l-3 -cyc lo hexy l-2H -l,3 -benzoxaz ine  11, 3 ,4-d ihydro-6-m ethyl-3- 
cycloh ex y l-2 H -l,3 -b enzo xaz in e  12, 3 ,4 -d ihyd ro -6 -e thy l-3 -cyc loh ex y l-2H -l,3 - 
benzoxazine  13, 3 ,4 -d ihyd ro -6 -t-bu ty l-3 -cyc lohexy l-2 H -l,3 -benzoxazine  14,
3 .4 - d ihydro -3 -cyclohexy l-2H -l,3 -ben zox az ine  15)

B enzoxazine m onom ers 1-15 w ere synthesized (Schem e 3.1) as 
referred  to Ishida e t  a l. The structures o f the obtained m onom ers w ere studied 
by  ^ - N M R , FTIR , and M S.

3.3 .2  Preparation  o f  the open ring  benzoxazine  m onom ers 
(abbreviated  as benzoxazine d im ers); (N ,N -B is (3 ,5-dim ethy l-2- 
hydroxybenzyl) m ethylam ine 16, N ,N -B is (3 ,5-d im ethy l-2 -hydroxybenzy l) 
p ropy lam ine 17, N ,N -B is (3 ,5-d im ethy l-2-hydroxybenzyl) cyclohexy lam ine  
18, N ,N -B is (5-ethyl-2-hydroxybenzyl) m ethylam ine 19, N ,N -B is (5-ethyl-2- 
hydroxybenzyl) propylam ine 20, N ,N -B is (5-ethyl-2-hydroxybenzyl) 
cyclohexy lam ine 21, N ,N -B is (5 -m ethy l-2-hydroxybenzy l) m ethy lam ine 22, 
N ,N -B is (5-m ethy l-2-hydroxybenzy l) p ropy lam ine 23, N ,N -B is (5-m ethyl-2- 
hydroxybenzyl) cyclohexylam ine 24)
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B enzoxazine  m onom ers (1-3, 6-8, and 11-13) w ere reac ted  w ith  the 
pheno l derivatives (Schem e 3.2) to prepare the open ring  o f  benzoxazine  
m onom ers to form  dim ers as referred  to Laobuthee e t  a l.

Scheme 3.1 C hem ical S tructures o f B enzoxazine M onom ers 1-15
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Scheme 3.2 C hem ical structures o f the open ring  benzoxazine  dim ers
16-24

24
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3.3.3 Ion Interaction Properties

3.3 .3.1 P r e p a r a t io n  o f  M e ta l  P ic r a te  S o lu tio n
Sodium  and potassium  p icrates w ere p repared  by 

recrysta lliza tion  o f  picric  acid w ith N aO H  and K O H , respectively , in 
m ethanol. T he m etal p icrate w as dissolved in aqueous so lu tion  at 
concen tra tion  7x1 O'5 M  and used as a m etal p icrate  so lution.

3 .3 .3 .2  Io n  E x tr a c tio n  S tu d ie s
Five m L. o f  picrate (concentration  7x1 O’5 M ) and benzoxazine  

so lu tion  (concentra tion  7x10‘5, 7x1 O'4, 3.5x1 O'3, and 7x10~3 M ) w ere taken and 
m ixed  v igo rously  fo r 1 m in. T he m ixture  w as le ft a t room  tem peratu re  till the 
aqueous and organic phases w ere com pletely  separated. T he decrease  o f 
p icra te  sa lt concen tration  in aqueous phase w as determ ined  by  U V -V is 
sp ec tropho tom eter a t 354 nm.

3 .3 .4  P reparation  o f  D im er-M etal C om plex

In order to study the com plexation  o f  benzoxazine  d im er and 
m etal, d im ers 16-24 w ere prepared w ith  m etal in 2 types; i.e., by  both 
b len d ing  (here inafter abbreviated  as benzoxazine d im er-m etal salt-b lend  ) and 
liqu id -liqu id  ex traction  (hereinafter, abbreviated  as benzoxazine  d im er-m etal 
salt-ex tract) as follow s.

B enzoxazine d im er-m etal salt-b lends w ere p repared  by grind ing  
benzoxazine  d im er 16-24 w ith m etal salt. B enzoxazine  d im er-m etal ion- 
ex trac ts w ere  ob tained  from  the liquid -liqu id  ex traction . E ach  m etal salt, i.e., 
B aC l2 , C aC l2 , and Q 1CI2 w as d issolved in deion ized  w ater to be 3 .2x1er1 M. 
E ach  benzoxazine  dim ers 16-24 w as disso lved  in m ethy lene  ch loride for 
7X10"4 M . F ive m L. o f the salt and benzoxazine  so lu tion  w as m ixed and 
shaken v igorously  for a m inute. T he m ixture w as le ft at room  tem peratu re  till
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the aqueous and organic phases were separated completely. The aqueous 
solution was analyzed quantitatively and qualitatively for metal ion by 
บ พ Vis. The structures of benzoxazine dimer-metal salt-blend and
benzoxazine dimer-metal salt-extract were characterized by XRD, MS and 
FTIR.
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