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SYNTHESIS OF 1-PHENYL-3-METHYL-4-STEAROYL 
-5-PYRAZOLONE (HPMSP)

APPENDIX A

HPMSP was synthesized via the reaction given below [48]:

CI7H35C0C1
Ca(OH)2
dioxane

o
H2PMP

o
HPMSP’

+ HCl

15 g (86.10 mmol) of l-phenyl-3-methyl-pyrazolone was dissolved in 70 mL 

of dioxane at 60 °c. Then 12 g (161.94 mmol) of calcium hydroxide was added to the 

mixture and 30 mL (89.13 mmol) of stearoyl choride was added dropwise within 1 

min. The reaction mixture was refluxed at 100 °c for 30 min. The excess calcium 

hydroxide was decomposed by pouring 200 mL of 2 M hydrochloric acid into the 

mixture which caused cream coloured crystals to separate. The products were filtered 

and washed with dilute hydrochloric acid and water. The crystals were recrystallized 

from ethanol/toluene (9 : 1 v/v) solution. Yield 75.20%, m.p. 66-67 °c. 'H-NMR 

(CDCI3) § (ppm): 7.85-7.29 (m, 5H, Ph-H), 2.76 (t, 2H, C(0)-C//2),-2.51 (ร, 3H, CH3. 

pyrazolone), 1.78 (quint., 2H, C(0 )CH2C//2-(CH2)i4-CH3), 1.29-1.44 (m, 28H, 

-(CH2),4-), 0.91 (t, 3H, C(0)(CH2),6-CH3).
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APPENDIX B

'H-NMR spectrum of l-phenyl-3-methyl-4-stearoyl-5-pyrazolone (HPMSP)

C 1 7 H3 5

1 0 9 8 7 6 5 4 3 2  1 0

Figure B 'H-NMR spectrum (400 MHz) of l-phenyl-3-methyl-4-stearoyl-5-
pyrazolone in CDCI3 .
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CALCULATION OF ORGANIC MATTER CONTENTS 
IN MESOPOROUS SILICA

The organic matter contents in mesoporous silica could be determined from 

the composition of starting materials tabulated in Table c. And the calculation details 

were described below.

APPENDIX c

Table c The amounts of starting materials used for the synthesis of non-doped and 

HPMSP doped mesoporous silica.

Starting materials
Non-doped silica HPMSP doped silica

(g) (mmol) (g) (mmol)

TEOS 5.2295 25.102 5.1679 24.806

h20* 63.020 3501.1 63.540 3530.0

CTAB 1.6412 4.5031 1.6439 4.5105

MeOH 10.428 325.47 10.491 327.43

HPMSP - 0.6556 1.4900
*H20 was introducec to the mixture in the form of 0.1 M NaOH.
1. Non-doped mesoporous silica

TEOS 25.102 mmol provides SiC>2 25.102 mmol

= 25.102 X 1 O'3 X  60.0843 g

CTAB 1.6412 g provided CTA+ = (1.6412/364.46) X 284.56 g

Organic matter contents in non-doped mesoporous silica =

Mass of non-doped mesoporous silica = 1.5082 + 1.2814 g =

Therefore, organic matter contents in non-doped mesoporous silica

= (1.2814/2.7896) X 100 %
2. HPMSP doped mesoporous silica

TEOS 24.806 mmol provided Si02 24.806 mmol

= 24.806 X 10'3 X  60.0843 g

CTAB 1.6439 g provided CTA+ = (1.6439/364.46) X  284.56 g
Amount of HPMSP in silica = (1.4900 X  10'3) X 440 g =

1.5082 g

1.2814 g

1.2814 g 

2.7896 g

45.93 %

1.4905 g 

1.2835 g 

0.6556 g
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Organic matter contents in HPMSP doped mesoporous silica
= 1.2835 + 0.6556 g

Mass of HPMSP doped mesoporous silica
= 1.4905+ 1.2835 + 0.6556 g

Therefore, organic matter contents in HPMSP doped mesoporous silica
= (1.9391/3.4296) X  100%

1.9391 g 

3.4296 g 

56.54 %
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CALCULATION OF ESTIMATED EFFECTS

APPENDIX D

The estimated effects of each variable and their interaction on the Cu(II) 
desorption could be calculated using the data from Table D as described below.

Table D The expanded design matrix and the Cu(II) desorption results.

Run A E V AE AV EV AEV Desorption of Cu(II) 
(mol/kg)

1 - - - + + 4- - 0.0309
2 + - - - - + + 0.0327
3 - + - - + - + 0.0343
4 + + - + - - - 0.0402
5 - - + + - - + 0.0255
6 + - + - + - 0.0346
7 - + + - - + - 0.0335
8 + + + + + + + 0.0382

Estimated 
effect (x 10'3) 5.375 5.625 -1.575 -0.075 1.525 0.175 -2.125

Main effect
=  -  0 .0 3 0 9  +  0 .0 3 2 7  -  0 .0 3 4 3  +  0 .0 4 0 2  -  0 .0 2 5 5  +  0 .0 3 4 6  -  0 .0 3 3 5  +  0 .0 3 8 2

4

=  5 . 3 7 5 x l 0 ‘ 3
=  -  0 .0 3 0 9  -  0 .0 3 2 7  +  0 .0 3 4 3  +  0 .0 4 0 2  -  0 .0 2 5 5  -  0 ,0 3 4 6  +  0 .0 3 3 5  +  0 .0 3 8 2

4

=  5 .6 2 5 X K T 3
=  -  0 .0 3 0 9  -  0 .0 3 2 7  -  0 .0 3 4 3  -  0 .0 4 0 2  +  0 .0 2 5 5  +  0 .0 3 4 6  +  0 .0 3 3 5  +  0 .0 3 8 2

4

=  — 1 . 5 7 5 x l 0 " 3

Two-factor interaction
AE 0.0309 -  0.0327 -  0.0343 + 0.0402 + 0.0255 -  0.0346 -  0.0335 + 0.0382

= -  0 .075x l0“3
4
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AV

EV

0.0309 -  0.0327 + 0.0343 -  0.0402 -  0.0255 + 0.0346 -  0.0335 + 0.0382
4

= 1.525xl0“3
0.0309 + 0.0327 -  0.0343 -  0.0402 -  0.0255 -  0.0346 + 0.0335 + 0.0382

4
= 0.175xl0“3

Three-factor interaction
.1,,. _ -0.0309 + 0.0327 + 0.0343-0.0402 + 0.0255-0.0346-0.0335 + 0.0382 AEV = ------------------------------------------------ — ------------------------------------------------

= -2.125x10- 3
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THE REPRODUCIBILITY RESULTS OF METAL EXTRACTION

APPENDIX E

The amounts of Cu(II) extracted by HPMSP doped mesoporous silica resulted 
from 16 replicate extraction experiments via column method were tabulated in Table 
E.

Table E The Cu(II) extraction results of the reproducibility study.

Number of run
Amounts of Cu(II) extracted (mol/kg)
20  ppm 40 ppm

1 0.0337 0.0548
2 0.0366 0.0514
3 0.0371 0.0519
4 0.0306 0.0492
5 0.0312 0.0492
6 0.0359 0.0508
7 0.0366 0.0493
8 0.0347 0.0443
9 0.0328 0.0496
10 0.0358 0.0493

11 0.0361 0.0449

12 0.0396 0.0433

13 0.0376 0.0459

14 0.0374 0.0497

15 0.0361 0.0448

16 0.0381 0.0457

Average 0.0356 0.0484
SD 0.0025 0.0032

RSD 6.91 6.66
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