CHAPTER IV

RESULTS AND DISCUSSION

4.1 Synthesis of 25,27 - [ALiY-di-((2-ethoxy)benzyl)propylenediamine]
-26,28-dimethoxy-/?-terf-butylcalix[4]arene  dihydrochloride (7,
L.2HC1)

2-((2'-bromo)ethoxy)benzaldehyde (1) was prepared by previously described
procedures [67), When 1 reacted with jC>-ter/-butyicalix|4jarene in the presence of
K2COs as hase in CHsCN, 1,3-dialdehyde calix|4]arene 3 was obtained in 50%. The
two -OH groups at the lower rim of 3 was then modified to -ocrs by methylating
with CHal in the presence of BaO and /-BUOK. The 1,3-cimethylated dialdehyde
derivative 5 was obtained in 28%.  From *HNMR spectrum of 5 in Figure A.3, there
are three broad signals due to tert-butyl protons at 0.86, 104 and 127 pom.  This
suggests that calix[4]arene is not in a cone conformation.  In addition, signals in non-
aromatic regions are broad.  The -ocrs Signal appears as a broad peak at 3.82 ppm.
These features indicate that the p-tert-butylcalix/4]arene moiety are moving within the
NMR time scale due to the lack of hydrogen honding interactions among each arene
unit.  The elemental analysis result, however, agrees with the proposed structure.

Preparation of Schiffbase compound ¢ was carried out by dropwise addition of
the methanolic solution of 1,3-Giaminopropane into the cHaen solution of 1.3
dimethylated dialdehyde 5 and heating at reflux for 2 days.  The compound & was
obtained in 55%. The *H nmr Spectrum of 6 is shown in Figure a.4. The
characteristic singlet peak of /7c=n appears at 8,65 ppm. The broad singlets due to
ROAr-t-C+T/g aNd cHaoaH-C+Hg appear at 0.79 to 1.32 pom.  The complication of
the spectrum may stem from simultaneous existence of more than one conformation of
the calix[4]arene unit which occurred via arene ring rotation. The elemental analysis
result ofthe compound e agrees well with the proposed structure.

The Schiff base & was then reduced with NaBHa in cHzci2 under nitrogen
atmosphere for 2 hours and protonated with 2% Hclin crson. The ammonium
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derivative, 7, was crystallized out of the solution in 77%. MALDI-TOF MS result
shows a strong peak due to [7]+at mz 10142 The 'h NMR spectrum of 7 in
CDCh, DMSQ-0dd and CDsOD are shown in Figures 4.1, 4.2 and 4.3, respectively.
The JH NMR spectrum in aprotic solvent such as CDCI. shows complicated lines of t-
butyl signals indicative of coalescence hetween conformations that stems from the
rotation of the phenoxy methyl units due to the absence of intramolecular hydrogen
bonding. However, disappearance of the singlet signal due to 77C=N at 8.65 ppm and
appearance of the broad singlet a 10.0: ppm due to the ammonium protons can be
observed. The 13 NMR spectrum of 7 depicted in Figure 4.4 shows the signal due to
CHaOAr-/-CaHo at 63 ppm.  Nevertheless, the C/fzoAr-t-CaHo Signal in 'H NMR is
broad due to the coalescence hetween “in side” and “out side” conformation [es],
In more polar solvent such as DMSO-a6, and CDsOD, the 'n NMR spectra of 7 seerms
to be more resolved and simplified. ~ In the former solvent, there are two broad singlets
at 0.98 and 1.27 ppm due to CHSOAr-Z-C/E and ROAr-t-CtHg, respectively. The
signals in the aromatic region are quite broad leading to ambiguity in conformational
assignment of the calix4]arene framework. ~ However, two H-N+N signals
apperaring at 9.12 and 9.80 ppm are indlicative of mixed conformations. Interestingly,
the *HNMR spectrum of 7 in CDsOD shows two sharp singlets at 0.9 and 1.34 ppm
and also two singlets at 7.21 and 6.71 ppm due to ROArH and CHsOAr7,
respectively.  This is an indication of a cone conformation of the calix[4]arene uni.
This evidence suggests the effect of salvent polarity and hydrogen bonding towards the
conformational isomerism of the calix4]arene moiety. It can be useful to compare
our results with studies of conformational isomerism in tetramethoxy-£>-/<?r/-buityicalix
[4]arene (s). The structure of compounds 7 and s are shown in Figure 4.5.

The compound s has been demonstrated by Reinhoudt et d.[69] to have 3l
possible conformations in the gas phase. However, the crystal structure of s showed
that s possessed a partial cone conformation in solid state [70], Gutsche [es],
however, found by 'h NMR experiments that the partial cone conformation was also
preferred in CDCls solution.  Later, Shinkai and his coworkers [71] detected by 'H-
NMR that the isomer of s depended on the polarity of solvents. It was found that the
concentration of the “cong” isomer is increased upon increasing solvent polarity.



Figure 4.1 *H NMR spectrum of 7 in CDCb-
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Figure 4.4 1% NMR spectrum of 7 in CD30D.
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and thus, formed a polar molecule while a partial cone had one dipole pointed reversed
(Figure 4.6) and became a less polar molecule.

0 ©

Figure 45 The structure of 25,27-[A;iV-di-((2-ethoxy)benzyl)propylenediaming]-
26,28-dimethoxy-/?-ter/-butylcalix4]arene dihydrochloride (7) and  25,26,27,28-
tetramethoxy-/>to7-butylcalix[4]arene (s).

polar “cone” less polar “partial cone™

Figure 4.6 Dipole orientation of cone and partial cone conformation.
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In our case, :H NMR spectra of 7 in both polar protic solvent, CDs0D, and
polar aprotic solvent, DMSO-dg show different behaviors from those of compound s
investigated by Shinkai et al [71].  In DMSO-do which is a more polar solvent, the
calix[4]arene unit of 7 orientates in mixed conformations while in a less polar solvent,
CDs0D, the calix[4]arene moiety is in a cone conformation.  These results give an
evidence that besides solvent polarity, intermolecular hydrogen bonding may play an
important role in the conformational isomerism of 7. This matter can be further
investigated by performing a series of *H NMR experiments, vide infra.

4.2 NMR studies of the compound 7

421 Variable * NMR experiments for compound 7in CDCls

Conformational isomerism of 7 in CDC. was studied by variable temperature
NMR experiments.  The spectra were recorded at 27, 0, -15, -25, -35 and -40 C
& illustrated in Figure 4.7, Changes in every region of the spectra can be observed
significantly. ~ The signals cue to CHSOAr--CHif¢ and [10AxA-CaH” became more
resolved, but they were somewhat broad and spiit into four distinct lines at -40 T
The signals in the methylene region and the aromatic region were complicated when
the temperature was lowered.  The splitting ofH-INF-H protons into 2 broad peaks at
99 and 1028 ppm can also be noted at temperature below -15 T These restlts
support the conformational coalescence of calix[4]arene compartment in the
compound 7in CDCls.  Unfortunately, the broad characters of the signals prohibited
us to estimate the contribution of each conformation.

422 Addition of cosop and omso-de In the cocis Solution of 7

From the spectrum of 7 in CD.OD, we helieve that hydrogen bonding must
involve in the sharpness of the signals.  Addition of CD.OD in the CDCI. solution of
7 may give some clues about intermolecular hydrogen bonding interactions.  When
CD.OD was added gradually (5, 10, 15, 20, 25, 30, 40 and 100 |iL, respectively),
features of 'h NMR spectra of 7 have changed tremendously as shown in Figure 4.8,
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Figure 47 'HNMR spectra of compound 7in CDCIs at various temperatures.



54

0 pL

i#
5 uL

I -

I
10 JL
*

15 pL
20 pL #

A | A L

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 10

ppm

Figureas  NMR spectra of compound 7 in cociz when various amount of
cpsob Was added (Parts of cHzoar-t-case and RoAr-/-caxo Were cut off).



25 pL

JAI

30 pL
AL
40 pL
j Joal
100 pL

00 oo [T 1T 60 50

ppm

Figure 4.8 (continued).



56

The signals due to CH3OAr-/-Caue and ROA-t-CJJg Were resolved and appeared &s
two singlet peaks. In order to differentiate the peak pasitions for ROA//, CHsOAr//,
ROAJ-/-Cazre and CHsOATr-/-Cano (Singlet) sigals, controlled experiments were carried
out with 25,27V, Mdi-(2-ethoxybenzyl)propylenediaming]-/7-terr-butylcalix[4]arene
dihydrochloride (s) s0;, Compound s possessed intramolecular hyarogen bonding
between phenoxy oxygen and phenoxy protons. - The results in Figure A.s show that
there is no movement of the singlet peaks in both aromatic and methyl regions and
suggest that addition of CD30D does not affect the intramolecular hydrogen bonding.
For compound 7 in Figure 4.8, the singlet at « 0.9 ppm and the singlet at » 6.7 ppm
shifted dramatically upon increasing the amount of CDsOD.  These two signals which
were perturbed by addition of CDD should belong to CHsOAr-t-Cavo and
CHIDAT/, respectively. - The ROAT--Caze and the ROArH signals should not move
significantly due to the hulkiness the phenyl rings which was attached by a long alkyl
chain.  In addition gradual addition of CH30H into the CDCLs solution of 7 does nnot
result in shifting of the methyl signal and signifies that CH30H does not include into
the calix[4]arene cavity.

The first thing that could occur when CD30D was added was the exchange of
protons between CD3OD and RaTH: to generate CDsOH. The CDs0// signal
(labeled *) can be observed when > 5 (JL of CDIOD was added. The signal
dramatically shifted downfield. Cranges of the chemical shifts of CDs0//, ROAT/I,
CHsOAT//, ROkr-t-C+Hv and CHsOAr-t-Care Signals of compound 7 are listed in
Table 4.1 Intermolecular hydrogen bonding can be recognized by the fact that the
shifts due to CDs0// protons depended strongly on CD30D concentration [72],
Concurrent with the appearance of CDs0//, signals due to t-butyl protons became
more resolved and appeared & two singlets (a characteristic feature for cone
conformation).  However, the two signals showed different behavior. The CHsOAr-
[-Cano signal shifted dramatically upfield while ROAr-C+Zlg signal moved
insignificantly. Concurrently, the signal due to CHzOAr// also shifted largely upfield
while the signal due to ROArH shifted insignificantly. ~ This behavior indicated the



Table 4.1 Changes of the chemical shifts of CD30H, ROArH, CH30ArH, ROAr-/-

C4//9 and CH30Ar-/-C4//9signals of the compound [ in the mixture of cDCBand

CD30D solution.

added  AShof  Adhof

CDD CD3n
() (opm)
0
h a
5 041
20 0.69
25 090
K| 1.02
40 130
100 190

a the observed signal is not resolved

b the observed signal aggregates with CHsOAr-/-Cao
¢ the observed SIP aﬂ%{egaies with ROAr--C+Z[g.

+ indicates downfield shi

- indicates upfield shift

(ppm)

d
a

0.00

0.03
0.04
0.05
0.05
0.05

ASh of Abh of Abh of
ROAH CH:OANZ ROAr--Cd/re  CHsOA-ACAH9

(ppm) (ppm) (ppm)
0.00 b C

-0.03 b c

0,07
0,04
0.5 0,06
017 0,08
0.19 0.09
0.32 0,06

-0.01

1€
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intermolecular hydrogen bonding between CD:OH and 0 atoms in CHhOAr-Z-C?
moieties of 7 which prohibited the movement or rotation of the phenoxymethyl rings
and held the structure of the calix4Jarene unit in a cone conformation. The hydrogen
bonding pattern of 7 and CDsOH can be proposed as shown in Figure 4.9.

CI'H. NH2+C1
o CEW

D3CG H) Q (H/oca

H3C? CH3

Figure 4.9  The proposed structure of intermolecular hydrogen bonding between
compound 7 and CDsOH.

Addition of DMSO-ds in the CDCls solution of 7 was performed in a
similar manner to the CD. 0D case and the spectra are shown in Figure A.e.  Changes
in chemical shifts of the spectra are collected in Table 42 The signals due to
CHsOAr-t-CitTg and ROAx-t-C*Hg hecome two broad singlets after addition of 20 [[T.
of DMSO-de.  The latter shifts more significantly than the former coes (Table 4.2).
This is opposite to the results obtained when adding CDsOD.  There are also changes
in the aromatic region.  We can observe a resolved signal of CH;,OAr// which is
shifted upheld. However, the signal due to ROA/7 cannot be assigned due to broad
characters of aromatic region.  The broad nature of these spectra may stem from the
lack of intermolecular hydrogen bonding to inhibit the phenoxy ring rotation. ~ After
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Table 42 changes of the chemical shifts of Ni/, CH3OAr//, -NCH2C//2CH2N-

ROAr-CiHg and cHsoAt--/-Ca//9 signals of the compound [ in the mixture of
CDCI3 and DMSO-d6 solution.

Abh of AoH Of A5h of ASh of Abh of
Dl\jdsd;?dG NH  CHIOAMf -NCH.CILCHN- Roartcsig  CHIOAM-CAI
(itL) (ppm) — (ppm) (ppm) (ppm) (ppm)
0 0.00 0.00 0.00 b b
5 0.01 -0.01 a b b
10 -0.03 0.03 -0.06 b b
15 0.03 -0.04 0.04 b b
20 -0.08 -0.07 0.13 0.00 0.00
25 0.12 0.11 0.19 0.02 -0.02
30 -0.10 0.13 0.23 0.04 -0.03
40 -0.04 0.18 b 0.06 -0.05
100 010, 021 b 0.10 -0.06
-0.87

dthe observed signal aggregates with HZ)
bthe observed signal is not resolved

+ indicates downfield shift

- indicates upfield shift
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adding 100 (iL of DMSO-0, two broad singlets of H-N*-H can be noted (which is
indicative of mixed conformations). - These resuits indicate that compound 7 in aprotic
solvent possesses mixed conformations of the calix/4]arene framework. We yet
cannot estimate the contribution of each conformation with the information obtained.

423 Low temperature NMR experiments in the mixed solvent

In order to reveal the mechanism of intermolecular H-bonding and ring
movement, low temperature NMR experiments of 7 have been carried out at 0, -15,
-25, -35 and -40 °c.  The :H NMR spectra of 7 in the mixture of cociz and cosop
at various temperatures are shown in Figure 4.10.  We found many interesting features
of the NMR spectra. ~ Firstly, the signal due to cosoH (*) shifted downfield upon
decreasing the temperature.  This agrees with the fact that decreasing temperature
increases [73] the hydrogen bonding interactions between cosors and CFFOAr-t-
carHo UNItS.

Surprisingly, we did not observe a significant shift of the CHsOAr-Z-C+Tlg and
ROAr-t-C4 s protons (Table 4.3). However, we observed changes in the shape of the
signals due to cHaoAr-t-C"Hg and ROAI-?-Cane and their aromatic correspondences.
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Figure 410  NMR spectra of compound -7 in the mixture of CDCls and CDsOD at
various temperatures.



Table 43 Changes of the chemical shifts of CD:0H, ROA//, CHsOAr//, ROAr-t-
Carre and CHsOAT--Carro 0f the compound 7 in the mixture of CDCls and CDs0D

solution at various temperature.

AShof  Ab5hof
temperature CDD ROAH

(ppm)  (ppm)

21 0.00 0.00

0 064 006

-15 097 009

-25 130 0.12

-3H 153 05,
0.11 0

-40 1.4 05
o.11d

a the observed signal can be resolved to 2 signals
b the observed signal starts to resolve to 2 signals.

AShof

(ppm)

0.00

0.00
-0.04

=0.02

0.00

Abhof A8h of
CH:OAI  ROAIH-Cxtfji - CHsOAr-Cd/zs
(ppm) (ppm)
0.00 0.00
0.02 -0.01
0.04 0.01
0.05 0.03
0.06 0.03
0.066 0.03

0.00
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Enlargement of ‘n NMR spectra of these two regions are depicted in Figures
411 and 412, In the aromatic region the signals due to CH3DArf/ and ROArH
became broader when lowered the temperature.  The signal due to ROAX/7  shifts
downfield, and at -25 °C it splts into two peaks at 7.20 and 7.25 ppm.  Amother
signal also starts to arise at 6.97 pom.  Concurrent with the aromatic changes, we
observe two pairs of doublets in 3.3-4.1 ppmregion.  We also notice that the signals
due to CH3OAJ-Casre and ROAr-t-C shift slightly and become broader in which
the latter spits into 2 peaks at -40 “C. These changes suggest the movement of
ROATH ring from a cone to a pinched cone conformation.
From NMR studies, a possible mechanism of phenyl ring rotation (Scheme
4.1) can be proposed as follows : (1) at room temperature without intra/intermolecular
hydrogen bonding, the four phenyl rings must move freely and result in a sluggish
movement (within the NMR time scale), (2) in the presence of intermolecular
hydrogen bonding between CD.OH and CHae>Ar-?-CHY the phenyl rings are held in
cone conformation and moves less sluggishly (faster than NMR time scale to detect
conformational differences) and (3) at -40 °Cin which the compound in the solution
behaves asif it were in the solid state, the phenyl rings move very slowly (or stop) and
in order to reduce the steric congestion in the calix[4jarene unit, one of the ROAr-r-
C.H. rings must orientate in a pinched cone conformation s shown in Scheme 4.1 (c).
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Figure 411 Enlargement of aromatic signals at various temperatures.
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Figure 2.12  Enlargement of CIROA-Z-C+W) and ROAZCuse Signals at various
temperatures.
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Scheme 4.1  Possible phenyl ring movement mechanism,
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43 Basicity of 25,21-[N N Fal{(2-ethoxy)benzyl)propylenediaming]
-26,28-dimethoxy-/7-tert-butylcalix{4Jarene (L)

In order to study the complexation ability of 25,27-[A(V'-di-((2-ethoxy)benzyl)
propylenediaming]-26,28-dimethoxy-/?-te/7-butylcalix[4Jarene (L) toward Cu2 and
Zn%; basicity or protonation constants of the ligand L must be known.  Protonation
equilibria of L in CHsOH can be defined as equations 4.2 and 4.3

L+ I LH (4.2)
K2 LFf + Ir LH,”* (4.3)

e

where Kl and K2 are the first and second protonation constants, respectively.

|n this study, potentiometric titration method was employed to calculate
protonation constants of |_ Besides the basicity of the ligand, potentiometric titration
can be used to calculate some thermodynamic parameters such as AH or AS.
Potentiometric titrations ofl. were carried out in methanol using BudANOH as titrant
base and BU4NCF3SO3 as inert background electrolyte.  The titrations were done at
various temperatures (20, 23, 25, 27, and 30 OC) Logarithm of the protonation
constants of|_ at 20, 23, 25, 27, and 30 °C in methanolic solution of |X|O'2 M
BU4NCF3SO3, evaluated by Superquad program, are shown in Table 44



Table 44 Logarithm of the protonation constants of L in CH.OH using [xIO-2 M
BU4NCF3s03 & inert background electrolyte at various temperatures.

Temperature

. ) Log AT log k2

20 293.15 1006 £ 0.06 6.6/ + 0.06
23 2%.15 997 £ 0.05 675+ 012
2 298.15 961 + 0.04 6.64 £0.11
21 300.15 975 + 0.04 6.77 + 0.10
30 303.15 969 + 0.4 6.68 T 0.10

Figure 4.13 shows fitration curves of L at 20 °C where the ratio of
concentration of L and proton are varied. ~ Other titration curves of L at 23, 25, 27
and 30 °C are depicted in appendice (Figures A. 17 - A.20), respectively.  From the
data obtained, p at any log [FT] can be caluculated, and their relationship can be

plotted asacurve.  The plot of p versus log [H4 for L at 20 °Cis shown in Figure
4.14 (other temperatures p plots are deposited in appendice, Figures A.21 - A.24).

One can observe that the shape of the plot looks like a two-step (shoulder) laddr.
The first shoulder occurs approximately a p = 1 and the second shoulder occurs a

p =2 This indicates that L can be protonated in two steps (which means two log K
values) to obtain the mono- and diprotonated species, respectively.
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Figure 4.13  Potentiometric titration curves of L in the methanolic solution of
110w BU4ancrasos at 20 °c, based on the initial concentration ratio of L : proton
& follows : @) 0500 mM : 5682 mM, b) 0914 mM : 6.084 M and
¢) 0.603 mM :1.206 mM. Equivalent is defined as the ratio of (noHiacid) to nicerd
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Figure 4.14 Plot between p and log [IT] for L in the methanalic solution of Ix|0-2M

BUNCFsS0s at ) °C, based on the initial concentration ratio of the ligand L to
proton of 0.914 mM : 6.084 mM.

The behaviors of each protonated species, LIT and LHZ' can be understood
by considering the species distribution curves.  The species distribution curve of L at
20 °C in Figure 4.15 (others are shown in appendice, Figures A.25 - A.28) shows
relationship of the amount of each species versus pH.  The species domination is
varied as LHZ*< LFF < L uponincreasing pH. Other species distribution curves of
L at other temperatures show the same trend.
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Figure 4.15 Species distribution curves of L in the methanolic solution of Ix1C2 M
BUNCF:S0sat 20°C, CL= 0914 mM.

44 Thermodynamic aspects of potentiometric titration data

The values of log K1 and log K2 for L at various temperatures are quite
comparable. From the following basic thermodynamic equations

AG=-RT Ink (44)
AG= AH-TAS (45)
Equations (4.4) and (4.5) can be rewritten as equations (4.6) and (4.7).
RT InA'= AH-TAS (4.6)
_ M AS
09" = 538RT 238R (1)
The plot between log K and %—should give a slope of Z_BSSHR and intercept

distance of log K at 2§%§>R Then, the enthalpy change, AHand the entropy

change, AS can be calculated.
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The plot between log K and the reciprocal ofthe experimental temperatures in

absolute unit is shown in Figure 4.16.
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Figure 416  The plot between the log K of the L and the reciprocal of the
experimental absolute temperatures.

The slope of plot of Figure 4.16 for the first and second protonations are 3,525
and -142, respectively.  Their corresponding intercepts for the first and second
protonations are-2.01 and 7.18, respectively . The enthalpy energy changes of the first
and second protonations, AH, and AH,, obtained from the slope are -67 kj/mol and
3 kjimol, respectively. The entropy changes for the first and second protontions, AS,
and AS2, calculated from the intercepts are -38 kj/mol'’K and 137 kd/imol K,
respectively.

The above thermodynamic values indicate that the first and second
protonations are exothermic and endothermic reactions, respectively, and they occur
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spontaneously (AG<0). The total entropy changes of the first and second
protonations should be positive for spontaneous reactions.  The entropy change of the
methanol contributing over the first protonation process should therefore be >38
kJ/mol K.  These results can be concluded that the first protonation process of L in
the methanolic solution hes been strongly affected by methanol molecules.  The less
effect of solvation during the second protonation process is expected.

45  Complexation of  25,27-{A:Atal-((2-ethoxy)benzyl)propylene-
diamine]-26,28-dimethoxy-/:-tert-butylcalix[4arene (L) with Zn2+
and Cuzrcations

The ligand L was then determined the complexation ability towards Cu2+ and
Zn2rion in CHIOH using 5x10-2M BuANOH asfitrant base and 1x 102M BUNCFsS0s
& inert background electrolyte at 25 °c.  The fitration curves of different initial
concentration ratio of L to Cu2+and Zn2+at 25 °c are shown in Figures 4.17 and 4.18,
respectively. From Figure 4.17, it shows that at the same equivalent, the titration
curves of L:Cuz4= 11 and L:Cu2= 21 (curves b and ¢, respectively) are located a
lower pH than that of L which contains no Cu2' in the solution. However, when the
titration data obtained from the measurements were submitted to the SUPERQUAD
program, complexes of L and Cu2+ were not found.  For Zn2+ ( Figure 4.18), the
titration curves of L:Zn2= 2.1, ¢, is similar to the titration curve of ligand without
InZ a  However, the curve of L:Zn2+= 11, b, is different from the curve a  This
indicates that there must be at least a Zn2+ complex occurred.  From the process of
evaluating and optimizing by SUPERQUAD program, there is only LZn(OH,. species
which gives very small stability constant (log K « -16).  Considering the preferred
coordination geometries of Zn2and Cuz+ which are tetrahedron and square planar,
respectively, intermolecular hydrogen bonding and ring movement may prevent the
ligand 7 to rearrange the donor set to tetrahedron and square planar.  Therefore, the
complexation between 7 and Zn2+and Cuz+could not occur
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Figure 4.17  Potentiometric - titration curves of L with Cuz in the methanolic
solution of 1x 10w BUaNcrasos @) at ¢ = 0.909 mM and based on the initial
concentration ratio of the ligand L to Cuof b) 0.788 mM : 0.396 mM. and
¢) 0.776 mM : 0.780 mM at 25 °c.  Equivalent is defined as the ratio of

(IOH-"Hacid) tO niigand-
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Figure 4.18  Potentiometric - titration curves of L with Zn2+ in the methanolic
solution of 1x10m BuUancrasos @) at ¢ = 0.909 mM and based on the initial
concentration ratio of the ligand L to Zn2+of h) 0.833 mM : 0860 mM and
¢) 0.874 mM : 0.449 mM at 25 °c.  Equivalent is defined as the ratio 0f cor--naciay

to rigad
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