
CHAPTER III

EXPERIMENT

Synthesis of 25,27-[A,iV -di-((2-ethoxy)benzyI)propylenediamine]-26,28- 
dimethoxy-/7-te/'t-butylcalix[4]arene dihydrochloride (7)

3.1.1 Chemicals

1 . A ce ton e C om m erc ia l grade, M a llin c k ro d t,
บ . ร .A .

2 . A c e to n itr ile A n a ly tic a l R eag en t grade, L a b - 
Scan, Ire land

ว . B a r iu m  ox id e P rac tica l grade, F lu ka ,
S w itze rla nd

4. 1 ,3 -D ia m in o p ro p a n e A n a la r grade, F lu k a , S w itze rla n d
5. 1,2 -D ib ro m o e th a n e A n a la r grade, M e rc k , G e rm any
6 . B enzop henone P u ru m  grade, F lu k a , S w itze rla n d
7. D e u te ro c h lo ro fo rm P uriss  grade, F lu k a , S w itze rla n d
8 . D ic h lo ro m e th a n e C om m erc ia l grade, M a llin c k ro d t,

U .S .A .
9. D ie th y l e ther A n a la r grade, J .T .B a k e r, U .S .A .

1 0 . E th a n o l A b so lu te  grade, M e rk , G erm any
1 1 . E th y l acetate A n a ly tic a l R eagent grade, L a b -

Scan, Ire land
1 2 . H exane A n a ly tic a l R eagent grade, L a b -

Scan, Ire land
13. H y d ro c h lo r ic  acid A n a la r grade, J .T .B a k e r, U .S .A .
14. M e th a n o l A n a ly tic a l Reagent grade, L a b -

Scan, Ire land
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15. M e th y l iod id e A n a la r grade, F lu k a , S w itze rla n d
16. P o ta ss iu m  carbonate A n a la r grade, M e rc k , G erm any
17. P o ta ss iu m  te rt-b u to x id e Prac tica l grade, F luka ,

S w itze rla nd
18. S a licy la ldéhyde A n a la r grade, F lu k a , S w itze rla n d
19. Sea sand F lu k a , S w itze rla nd
2 0 . S ilic a  gel N o .7734, F lu k a , S w itze rla n d
2 1 . S o d iu m P u ru m  grade, F lu k a , S w itze rla n d
2 2 . S o d iu m  b o roh yd rid e A n a la r grade, F lu k a , S w itze rla n d
23. S o d iu m  sulphate anhydrous A n a la r grade, F lu k a , S w itze rla n d
24. T e tra h y d ro fu ra n P ro  A na lys is  grade, M e rc k ,

G erm any
25. T  e trad eu te ro m e th an o l P u riss  grade, F lu k a , S w itze rla n d
26. /M e /7 -b u ty lc a lix [4 ]a re n e Synthesized accord ing  to  the

published p rocedure  [6 6 ]
27. N itro g e n  gas U ltra h ig h  p u r ity  grade

3.1.2 Instruments

1. C H N S /O  A n a lyse r P E 2 4 0 0  Series I I ,  P e rk in  E lm e r, บ . S .A .
2. E y e la  M a g n e tic  S t ir re r  R C -2 , E ye la , Japan
3. F o u r ie r  T ra n s fo rm  N M R  Spectrom eter A C F  200  M H z , B ru k e r, S w itze rla n d
4. F o u r ie r  T ra n s fo rm  N M R  S pectrom eter 500 M H z , Jeol, Japan
5. M a t r ix  A ssisted  L a se r D e sc rip tio n  Io n iz a tio n -T im e  o f  F lig h t M ass 

S p e c tro m e te r (B if la x )
6 . R o ta ry  E v a p o ra to r , E ye la , Japan
7. V a c u u m -sys te m  B - 169, B uch i, S w itze rla nd
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3.1.3 Preparation Methods

3.1.3.1 Preparation of 2(2'-bromoethoxy)benzaldehyde (1)

+ (3.1)
0 0

พ
(2)

In to  a 1 L  tw o -n e c ke d  round  b o tto m  fla sk  con ta in ing  a m ix tu re  o f  K 2 CO 3 

(4 6 .0 0  g, 3 3 4 .8 0  m m o l) , sa licyla ldéhyde (25 .4  m L , 242 .4  m m o l)  and a c e to n itr ile  (5 0 0  
m L )  w as s lo w ly  added 1 ,2 -d ib rom oethane (205 .5  m L , 2 .2  m o l). T h e  re ac tion  m ix tu re  
w as heated at re f lu x  und er n itro g e n  atm osphere fo r  4 hours. T h e  m ix tu re  w as cooled  
to  ro o m  te m p e ra tu re  and filte re d  o f f  K 2 CO3 . T he  y e llo w  f ilt ra te  w as then  evaporated  
in  vacuo  to  y ie ld  a m ix tu re  o f  1 and 2  w h ic h  w ere  separated on  a silica gel co lum n. 
CH 2 CI2 w as used as e luant. T h e  p roduct 1 w as c rysta llized  by a d d ition  o f  hexane in to  

its  C H 2 CI2 so lu tio n . (1 8 .1 0  g, 33 % ). 5h (2 0 0  M H z  ; CDCI3 ), 10.51 ( 1H , ร, C H O ) ,  

7.83 (1 H , d, J =  7 .8 , H a) ,  7 .52  (1 H , t, J =  7.9, H b) ,  7 .05 ( 1H , t, J = 7.5, H e ) ,  6 .94  (1 H , 
d, J  =  8 .4 , H i ) ,  4 .4 0  (2 H , t, J  = 6 .1 , O C i/2C H 2B r)  and 3 .6 9  (2 H , t, J  =  6 .0 , 
OCH 2 C/72 OBr). T h e  'h  N M R  spectrum  o f  1 is show n in  F ig u re  A . 1.
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3.1.3.2 Preparation of 25,27-di-(2-ethoxy)benzaIedehyde-/7-Z<?rZ-butyI-
calix[4]arene (3)

In to  a 1 L  tw o -n e c ke d  round  b o tto m  fla sk  conta in ing  K 2C O 3 (2 3 .0 0  g, 167.40  
m m o l)  p - t e r t - b u ty lc a lix [4 ]a re n e  (1 1 .7 0  g, 18.10 m m o l) and C H ;,C N  (3 50  m L )  w as 
added d ro p w ise  a s o lu tio n  o f  1 (9 .34  g, 4 0 .8 6 m m o l) in  C H 3C N  (1 00  m L ). T h e  m ix tu re  
w a s  heated at re flu x  und er n itrog en  atm osphere fo r  72 hours. T h e  re a c tio n  w as 
sub seq uently  cooled  to  ro o m  tem p era tu re  and filte red . T h e  pale y e llo w  f i l t ra te  w as 
th e n  concen tra ted  by reduced pressure and was added C H 3O H  to  p rec ip ita te  3, 1 ,3 -d i- 
su b s tis tu tio n  d e riv a tive  o f  /?-ZerZ-butylcalix[4]arene, and tr i-s u b s titu t io n  d e riv a tive  4. 
T h e  w h ite  so lid  3 w as separated fro m  4 by co lum n ch rom atog rap hy em p loy in g  C H 2C I2 
as e luan t. (8 .4 8  g, 5 0 % ). SH (2 0 0  M H z  ; CDCI3 ), 10.47 ( 2 H , ร, C / / 0 ) ,  7.81 ( 2 H , d, J  

=  7 .7 , Ha), 7 .5 3 -7 .5 4  (1 2 H , m , H b) ,  7 .45 (2 H , ร, A rO H ) ,  6 .9 8 -6 .94  (4 H , m , Heand Hi),

7 .0 0  (4 H , ร, H O A r / / ) ,  6 .84  (4 H , ร, R O A tH ) ,  4 .4 0 -4 .38  ( 8 H , m , 0 C / / 2C H 20 ) ,  
4 .2 9 ,3 .2 9  ( 8 H , 2 d, J =  13.0, A r C / /2A r) ,  1.24 (1 8 H , ร, H O A r-Z -C jZ /g ) and 1 .0 0  (1 8 H , ร, 
ROAr-Z-C +Z/g). T h e  *H  N M R  spectrum  o f  3 is show n in  F ig u re  A .2 .
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3.1.3.3 P reparation o f 25,27-di-((2-ethoxy)benzaIedehyde)-26,28-
dimethoxy-/;-te/'f-butyIcaIix[4]arene (5)

U n d e r n itro g e n  a tm osphere, a so lu tio n  o f  com pound 3 (1 .1 2  g, 1.19 m m o l)  in

d ry  T H F  (8 0  m L )  w as s tirred  w ith  B aO  (0 .19  g, 1.21 m m o l) fo r  1 h o u r  and 30

m inu tes  in  a 2 50  m L  tw o -n e c ke d  round  b o tto m  flask. Then , / -B u O K  (0 .41  g, 3.63 
m m o l)  and C H 3I  (0 .3 9  m l, 6 .24  m m o l) w e re  added to  the  m ix tu re . T h e  re a c tio n  w as 
th e n  heated at re f lu x  fo r  1 ho u r. W h e n  the  reac tion  w as cooled  to  ro o m  tem p era tu re , 
T H F  w as evapora ted  by reduced pressure to  dryness. T he  residue w as d isso lved  in  
C H 2C I2 and w ashed w ith  1 M  aqueous HC1. T h e  organic phase w as separated, d ried 
o v e r  a nhyd rous N a 2S 0 4 and evaporated to  dryness. T h e  residue w as ch rom atog rap hed  
on  a s ilicage l c o lu m n  us ing  10%  E tO A c  in  hexane as e luant to  separate a crude 
p ro d u c t o f  5, w h ic h  w as p u rif ie d  again by co lum n ch rom atog rap hy using  1%  C H 3O H  

in  C H 2C I2 as e luant. (0 .33  g, 2 8 % ). 5h (2 00  M H z  ; C D C I3), 10.44 (2 H , b r ร, C H O ),
7 .82  ( 2 H , d, J  = 7 .7 , W a), 7 .52  (2 H , t, J  =  8.3, H b\  7 .0 5 -6 .98  ( 8 H , m , H c, H i  and 
R O A tH ) ,  6 .5 0  (4 H , b r ร, C H 3O A r / / ) ,  4 .50 -4 .03  (1 2 H , m, O C H 2 C H 2 O  and A x C H 2A r ) ,

3 .8 2  ( 6 H , ร, O C H s ) ,  3 .14  (4 H , br ร, A r C H 2A x ) ,  1.27 (1 8 H , b r ร, R O A J - /-C 4Æ9) , 1.04 
(9 H , b r, ร, C H 3O A J - /-C 4/ / 9) and 0 .79 (9 H , br ร, C H s O A r -Z -C ^ ) .  T h e  *H  N M R  
sp ec trum  o f  5 is sh o w n  in  F ig u re  A .3 . A na l.C a ld  fo r  064พ 760 ร ; c ,  7 8 .9 8 %  ; H , 
7 .8 7 % . F o u n d  : c, 7 8 .9 7 %  ; H , 7 .77% .

THF was fresh distilled with Na metal and benzophenone (Na : benzophenone = 1:3 by weight)
under nitrogen atmosphere.
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3.1.3.4 P repara tion o f 25,27-[yV,./V-di-((2-ethoxy)benzyl)propylene-
diim ine]-26,28-din iethoxy-/?-fert'-butyIcalix[4]arene (6)

In to  a s tirre d  s o lu tio n  o f  com pound 5 (0 .5 6  g, 0 .58 m m o l)  in  C H 3C N  (6 0  m L ) 
w as added d ro p w ise  a s o lu tio n  o f  1 ,3-d iam inopropane (0 .0 8  m L , 0 .9 6  m m o l)  in  
m e th a n o l (1 2  m L ). T h e  re ac tio n  w as heated at re flu x  fo r  24  hours. W h ite  so lid  o f  6 , 
p re c ip ita ted  a fte r  th e  re a c tio n  w as cooled to  ro o m  tem perature . I t  w as iso la ted  by 
f i l t ra t io n , d ried  and w ashed w ith  cold  m ethano l. (0 .32  g, 5 5 % ). §H (2 0 0  M H z  ; 
C D C ls ), 8 .65 (2 H , b r ร, HC=N ), 7 .90 (2 H , d, J  = 7.2, H 3), 7 .3 2 -7 .2 7  (2 H , m , / / „ ) ,  
7 .1 0 -6 .7 0  ( 8H , m , Hz,Hi and R O A rH), 6.50 , 6.43 (4 H , b r ร, O L O A r L O ,  4 .5 0 -3 .9 0  
(1 2 H , m , OCH2CH2O and A r C / /2A r) , 3 .74  (3 H , ร, o c พ 3), 3 .6 1 -3 .3 2  (3 H , m, O C W 3), 
3 .3 2 -2 .8 0  ( 8 H , m , N C W 2C H 2  and A r C / /2A r) , 2 .05 -1 .85  (1 H , m , N C H 2C / / 2C H 2N ), 
1 .7 0 -1 .5 2  ( lH , m  , N C H 2CW 2C H 2N ), 1.32, 1.27 (1 H , b r ร, R O A r - t - C Æ ) ,  1.03 (9 H , 
b r, ร, C H s O A r- t-C j/Z g ) and 0 .79  (9 H , br ร, CH sO Ar-t-C +ZL)). T h e  *H  N M R  spectrum  
o f  6 is sh o w n  in  F ig u re  A .4 . A na l.C a ld  fo r  C 67Hg20 6 N 2 ; c ,  7 9 .5 7 %  ; H , 8 .1 7 %  ; N , 
2 .7 7 % . F o u n d  : c ,  7 9 .4 9 %  ; H , 8 .03%  ; N , 2.62.
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3.1.1.5 Preparation of 25,21-\N,N  -di-((2-ethoxy)benzyl)propylene- 
diamine]-26,28-dimethoxy-/7-te/7-butylcalix[4]arene dihydro 
chloride (7)

T h e  com p ound  6  (0 .4 7  g, 0 .46 m m o l) was s tirred  w ith  N aB FL t (0 .4 8  g, 12.64 
m m o l)  in  C H 2C I2 (1 0 0  m l)  und er n itrog en  atm osphere fo r  2  days. Excess N a B F L  w as 
th e n  destroyed  b y  a cup ious am oun t o f  w a te r. T h e  organ ic  la ye r w as extrac ted , dried 
o v e r  N a 2ร O 4 and rem oved  so lven t to  y ie ld  a w h ite  residue. T h e  res idue  w as added 2 %  
H C I/C H 3O H  u n til p H  o f  the  so lu tio n  reached 1. U p o n  re m o va l o f  C H 3O H  w h ite  so lid  
p rec ip ita ted . (0 .3 9  g, 7 7 % ). 5h (200  M H z  ; C D 3O D ), 7 .4 9 -7 .4 0  (4 H , m , Ha and Hh), 

7.21 (4 H , ร, and R O A xH), 7 .14 -7 .01  (4 H , ร, Hc, and Hi), 6.71 (4 H , b r ร, C H 3O A r / / ) ,  
4 .4 5  (4 H , b r ร, A r C / / 2N H ) , 4 .2 8 -4 .23  (1 6 H  , br m, A r C / / 2A r  and OCH2CH2O), 3.52 
( 6 H , b r ร, o 0 / 3 ), 3 .3 4 -3 .2 8  (4 H , *5 A rC /7 2A r) , 2 .90 (4 H , b r ร, N C t f 2C H 2) 2.01 (2 H , 
b r ร, N C H 2a / 2C H 2N ), 1.34 (1 8 H , ร, R O A x-t-CiH9), 0.99  (1 8 H , ร, C ^ O A r - z - C ^ ) .  
T h e  ‘H - N M R  spectrum  o f  7 is show n in  F ig u re  A .6 . A na l.ca lcd  fo r  
C 67H 880 6N 2C 12.2 C H 3 0 H .2 H 20  ; c, 6 9 .7 3%  , H , 8 .4 8 %  ; N , 2 .3 6 % . F o u n d  : c, 
6 9 .8 4 %  ; H , 7 .8 7 %  ; N , 2 .3 9 % . M A L D I - T O F  M S  fo r  [A T ]  ; 1014.2  m /z.

The observed signal aggregates with the solvent peak

X i q 2 ) C 1 0 0 O
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3.2 ‘h  NMR studies of the compound 7

3.2.1 Addition of CD3OD and DMSO-dft in the CDCI3 solution of the 
compound 7

T y p ic a lly , in  a N M R  tube, the com pound 7 (0.01 g, 0 .0 0 9  m m o l)  w as d isso lved 

in  CDCI3 (0 .4  m l). CD3OD o r  DMSO-dô (5 p L )  w as added in to  the  tube. T h e  
sp ec trum  w as then  recorded. A  series o f  experim ent w as carried  o u t by increasing  the  
a m o u n t o f  CD3OD o r  DMSO-dô to  10, 15, 20, 25, 30, 40  and 100 p L .

3.2.2 Low temperature NMR experiments

3.2.2.1 In the CDCI3 solution

In  a N M R  tube, the  com pound 7 (0 .01 g, 0 .009  m m o l)  w as d isso lved in  CDCI3 

(0 .5  m l). CD3OD ( 20  p L )  was then added. T h e  spectra w e re  recorded at 27, 0, 
-1 5 , -2 5 , -3 5 , and -4 0  °c.

3.2.2.2 In the mixture of CDCI3 and CD3OD solution

In  a NMR tube, the  com pound 7 (0 .01g , 0 .009  m m o l)  w as d isso lved in  CDCI3 

(0 .5  m l). CD3OD ( 20  p L )  was then added. T h e  spectra w e re  recorded at 27, 0, 
-1 5 , -2 5 , -35  and -4 0  °c.

3.3 NMR studies of the compound 25,27-[yV,./V-di-((2-ethoxy)benzyI)
propyIenediamine]-/7-tert-butylcalix[4]arene dihydrochloride (9)

In  a N M R  tube, the  com pound 9 (0 .02  g, 0 .019  m m o l)  w as d isso lved in  C D C ls  
(0 .5  m l). 5 p L  o f  CD3OD was added in to  the tube. T h e  spectrum  w as then 
recorded . A  series o f  experim ent was carried o u t by increasing  the  am ou n t o f  
CD3OD to  10, 15, 20 , 25 , 30, 40, 50, 60, 80, 100 and 200  p L .
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3.4 Basicity of 25,27-f/V,A'v-di-((2-ethoxy)benzyl)propyIenediamine]-26,28- 
dimethoxy-/7-te/7-butyIcalix[4]arene (L) and complexation of ligand L with 
transition metals

3.4.1 Chemicals

1. T e tra b u ty la m m o n iu m  
tr iflu o ro m e th a n e s u lfo n a te

2. T e tra b u ty la m m o n iu m h y d ro x id e  1.0 M  
s o lu tio n  in  m e thano l

3. C op p er ( I I )  tr if lu o ro m e th a n e su lfo n a te
4. Z in c  ( I I )  tr if lu o ro m e th a n e su lfo n a te
5. P o ta ss iu m  hyd rog en  phtha late
6 . P e rc h lo r ic  acid 7 0 -7 2  %
7. M e th a n o l 8 9

8 . 2 5 ,2 7 -[A /’, iV -d i- ( (2 -e th o x y )b e n z y l)  
p ro p y le n e d ia m in e ]-2 6 ,2 8 -d im e th o xy  

-/;-?e/7 -b u ty lc a lix [4 ]arene d ihyd roch lo rid e  
(7 , L .2 H C 1 )

9. A rg o n  gas

3.4.2 Instruments

1. A u to m a tic  t i t ra to r ,  M e ttle r , M o d e l D L  25, S w itze rla n d
2. C om b ined  p H  e lectrode, M e ttle r , M o d e l D G I  13-SC , S w itze rla n d
3. T h e rm o s ta t, H e to , M o d e l D T -2 , D e n m a rk
4. M ic ro c o m p u te r, M o d e l 4 8 6 /D X 4

E le c troc h e m ic a l grade, F lu ka , 
S w itze rla nd
A n a la r grade, A ld r ic h , บ . S .A .

A n a la r  grade, A ld r ic h , U .S .A . 
A n a la r grade, A ld r ic h , U .S .A . 
A n a la r  grade, C a rlo  E rb a , I ta ly  
A n a la r  grade, M e rc k , G erm any 
A c tu a l A na lys is  grade, J .T .B a k e r, 
U .S .A .
O b ta ined  fro m  synthesis

U lt ra  h ig h  pure  grade



3 8

3.5 Preparation of solutions

3.5.1 Potentiometric method

3.5.1.1 Primary standard solution of potassium hydrogen phthalate (KHP) 
was prepared by dissolving a weighted quantity of KHP in double distilled water.

3.5.1.2 Stock solution of 1 M perchloric acid (HCIO4) in methanol was 
prepared by diluting the concentrated HCIO4.

3.5.1.3 Stock solution of lxlO ' 1 M perchloric acid (HCIO4) in methanol was 
prepared by diluting the stock solution of 1 M HCIO4 with methanol.

3.5.1.4 Solution of 5xl0'2 M HCIO4 in lxlO '2 M tetrabutylammonium 
trifluoromethanesulfonate (BU4NCF3SO3) was prepared by dilution of the stock 
solution of lxlO ' 1 M HCIO4 in methanol; a certain amount of dried BU4NCF3SO3 was 
added before diluting by methanol.

3.5.1.5 pH standard solution of pH 2 and 3 were prepared by dilution of the 
stock solution of lxlO ' 1 M HCIO4 in methanol; a weighted quantity of dried 
BU4NCF3SO3 was included to make lxlO '2 M BU4NCF3SO3.

3.5.1.6 lxlO '3 M 25,27-[iV,7V’-di-((2-ethoxy)benzyl)propylenediamine]-26,28- 
dimethoxy-/?-tert-butylcalix[4]arene dihydrochloride (7, L.2HCI), 5x1 O'2 M Cu 
(CF3S03)2 and 5xl0 '2 M Zn(CF3S0 3)2 in methanolic solution of lxlO '2 M 
BU4NCF3SO3 were obtained by dissolving BU4NCF3SO3 and the mentioned substances 
and diluted with methanol.

3 .5.1.7 Electrolyte solution of lxlO '2 M BU4NCF3SO3 in methanol was 
prepared by dissolving an exact quantity of BU4NCF3SO3 in methanol.

3.5.1.8 Solution of 5xl0'2 M Bu4NOH in methanolic solution of 1x10'2M 
BU4NCF3SO3 was prepared by dilution of the 1.0 M Bu4NOH in methanol; a certain 
amount of dried BU4NCF3SO3 was added before diluting by methanol.
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3.6 The Calibration of Electrode

A n  a u to m a tic  t i t ra to r  inc lud ing  com bined p H  e lectrode w as used in the  
t i t ra t io n . T h e  p H  e lec trod e  w as calibrated by tw o  d iffe re n t standard pH . T h e  p H  o f  
th e  standard  s o lu tio n  o f  p H  2 w as assigned to  be 2 .00  + 0 .005 p H  u n its  by ad jus ting  
th e  N e rn s tia n  slope as defined the  ra tio  o f  pH  to  m il liv o lt  at iso p o te n tia l p o in t o f  pH  
8 .3 0  =  0 .0  m il l iv o lt .  T h e  p H  o f  so lu tio n  can be corrected  by the  fo llo w in g  eq uation  
(3 .1 ).

p H  corrected p H  measured *̂’ Cl +  è [H  ] measured ( J - 1 )

w h e re  a  and b  are constants. T h e  standard p H  3 was c u rre n tly  m easured by th e  same 
e lec trodes and w as used in  the  ca lcu la tion  fo r  a  and b  constants.

3.7 Calculations

T h e  t i t ra t io n  data fo r  d e te rm in a tio n  o f  bas ic ity  constants o f  2 5 ,2 7 -[A r,A/’ -d i- ( (2 -  
e th o xy )b e n z y l)p ro p y le n e d ia m in e -2 6 ,2 8 -d im e th o xy -/? -/e /7 -b u ty lc a lix [4 ]a re n e  (L) and 
s ta b ility  constants  o f  com p lex  betw een ligand L w ith  tra n s itio n  m eta l ions  w e re  
eva lua ted  by the  re fine m e n t p rogram . T h e  ca lcu la tions w e re  p e rfo rm ed  on  the  
m ic ro c o m p u te r. T h e  t it ra t io n  data obta ined fro m  the m easurem ents w e re  used in  the  
e va lu a tio n  and the  o p tim iz a tio n  process by the  S U P E R Q U A D  p ro g ra m  [65],

3.8 Potentiometric Titration

E xp e rim e n ts  fo r  d e te rm in a tio n  o f  bas ic ity  constants o f  2 5 ,2 7 -[A ,A r -d i( (2 -  
e th o xy )b e n z y l)p ro p y le n e d ia m in e ]-2 6 ,2 8 -d im e th o xy -/;- fë /7 -b u ty lc a lix [4 ]a re n e  (L) by 
m eans o f  p o te n tio m e tric  t it ra tio n s  w ere  carried o u t at va rio u s  constant tem p era tu re , 
n a m e ly  20, 23, 25, 27  and 30 ๐c + 0.1 °c. T h e  s tab ility  constants o f  its  com p lex w ith  
tra n s it io n  m e ta l ions  w e re  carried  o u t at 25 °c. A rg o n  gas saturated  by the  e le c tro ly te  
s o lu tio n  o f  l x lO ' 2 M  BU4NCF3SO3 in  m e thano l w as flo w e d  th ro u g h  the  t it ra t io n  
cham ber. T h e  tem p era tu re  o f  the t it ra t io n  cham ber w as ke p t by the  ex te rna l
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c irc u la tio n  o f  th e rm o s ta t bath. T h e  so lu tio n  o f  5x1 O'2 M  HCIO 4 in  l x l 0 ‘2 M  
BU4 N C F 3 SO 3 used fo r  ad jus tm ent the  p H  o f  t it ra t io n  system  w as standard ized w ith  
Bu4N O H  t it ra n t. A t  least th ree  titra tio n s  o f  each experim ent w e re  em p loyed  in  the 
c o m p u te r re fine m e n t, except the  experim ent o f  com p lexa tion  stud ies o f  L  w ith  Z n 2\  
o n ly  2 t it ra t io n s  w e re  used. T h e  p H  range and in it ia l c oncen tra tion  o f  the  ligand  L  at 
20 , 23 , 25 , 27  and 30 °c are show n  in  Tab les 3.1, 3.2, 3.3, 3 .4  and 3 .5 , respective ly. 
T h e  p H  range and in it ia l co nc e n tra tion  o f  the ligand L  w ith  C u 2+ and w ith  Z n 2" are 
sh o w n  in  Tab les 3 .6  and 3 .7 , respective ly.
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Table 3.1 Experimental data used in computer simulations for determining the
protonation constants o f  L  in the methanolic solution o f 1.0x1 O'2 M  BU 4 N C F 3 S O 3 at
20 + 0.1 °c.

T it ra t io n
In it ia l c oncen tra tion  (m M )

p H  range D a ta  p o in ts
L p ro ton

1 0 .5 0 0 5.682 2 .6 9 -1 3 .0 2 58
2 0 .9 1 4 6.084 2 .5 2 -1 2 .8 9 63
0 0.603 1.206 5 .6 2 -1 3 .1 4 39

Table 3.2 E x p e rim e n ta l data used in  com puter re finem en t fo r  d e te rm in in g  the 
p ro to n a tio n  constants  o f  L in  the  m e thano lic  so lu tio n  o f  l.O x lO ' 2 M  BU4NCF3SO3 at
2 3 + 0 .1  ° c .

T it ra t io n
In it ia l concen tra tion  (m M )

p H  range D a ta  po in ts
L p ro to n

1 0 .456 4 .892 2 .5 8 -1 2 .9 0 54
2 0 .4 6 0 4.568 2 .5 8 -1 2 .7 8 54
•">ว 0.301 0.602 5 .8 8 -1 2 .9 7 30
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Table 3.3 Experimental data used in computer refinement fo r determining the
protonation constants o f L  in the methanolic solution o f 1.0x1 O'2 M  BU 4N C F 3 S O 3 at
25 + 0.1 °c.

T it ra t io n
In it ia l concen tra tion  (m M )

p H  range D a ta  p o in ts
L p ro to n

1 0.455 0.909 5.37 -12 .51 34
2 0 .909 6.165 2 .4 4 -1 2 .3 3 64
3 0 .542 5.621 2 .4 3 -1 2 .2 7 51

Table 3.4 E x p e r im e n ta l data used in  com p uter re finem en t fo r  d e te rm in ing  the  
p ro to n a t io n  constants  o f  L in  the  m ethano lic  so lu tio n  o f  l.O x lO '2 M  BU4NCF3SO3 at 
27 + 0.1 °c.

T it ra t io n
In it ia l concen tra tion  (m M )

p H  range D a ta  p o in ts
L p ro ton

1 0 .459 4.845 2 .5 1 -1 2 .8 5 52
2 0.463 4.526 2 .4 4 -1 2 .7 5 57
3 0.303 0.606 5 .4 5 -1 2 .9 7 31
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Table 3.5 Experimental data used in computer refinement for determining the
protonation constants o f L  in the methanolic solution o f 1.0x1 O'2 M  BU4NCF3SO3 at
30 + 0.1 °c.

T it ra t io n
In it ia l concen tra tion  (m M )

p H  range D a ta  p o in ts
L p ro ton

1 0 .2 9 7 4.372 2 .56 -13 .01 57
2 0 .459 4.695 2 .56 -1 2 .7 3 52
3 0 .505 1.011 4 .8 2 -1 3 .0 5 45

Table 3.6 E x p e r im e n ta l data used in  com puter re finem en t fo r  d e te rm in ing  the  
s ta b ility  constants  o f  L w ith  C u2+ in  the m ethano lic  so lu tio n  o f  1.0 x lO '2 M  
BU4NCF3SO3 at 25 ± 0 . 1  °c.

T it ra t io n
In it ia l concen tra tion  (m M )

p H  range D a ta  p o in ts
L p ro to n C u2+

1 0 .776 5.231 0.780 2 .5 3 -1 1 .0 0 60
2 0.841 5.667 0.423 2 .3 9 -1 1 .0 2 58
->J 0 .788 4.674 0.396 2 .6 4 -1 1 .1 5 61
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Table 3 .7  E x p e r im e n ta l data used in com p u ter re finem en t fo r  d e te rm in ing  the 
s ta b ility  constants  o f  L w ith  Z n 2+ in  the m ethano lic  s o lu tio n  o f  1.0x1 O'2 M  
BU4NCF3SO3 at 25 ± 0 . 1  °c.

T it r a t io n
In it ia l concen tra tion  (m M )

p H  range D a ta  p o in ts
L p ro to n Z n 2~

1 0.833 6.264 0.860 2 .4 0 -1 2 .3 9 72

2 0 .8 7 4 5.772 0 .449 2 .5 4 -1 2 .4 6 69
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