CHAPTER IV

RESULTS AND DISCUSSION

This chapter focused on the methodology of the synthesis and characterization
of Schiff’s base doped mesoporous silica. The amount of incorporated Schiff’s base
molecules was examined as an important factor. The influence of temperature on the

synthesis was also determined. Various extraction factors of these modified sorbents

to divers divalent cations w@”’/};earch for the optimum extraction
conditions.
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4.1. Synthesis of Schif
Four Schiff’s

salophen and haen were
prepared by slowly tone (2 mol-equiv.) to a

solution of primary di The resulting mixture was

Table 4.1 Starting sp}.’ﬁtrate used for the Schiff’s bases
. > substrate
Type of Schiff’s basg - Jiamine
Salen salicylaldehyde ethylenediamine
Saltﬂ u EJ ’J ty] glwaﬁe% EJ r] r ?-propylenediamine
Saloph sghcylaldehyde -phenylenedlamme
Q98] 50 1) FPRESHAATH 21 Fpie

The physical properties of all obtained Schiff’s bases were displayed as

follows.

2,2'-{ethane-1,2-diylbis[nitrilo(E)methylylidene]}diphenol (salen): Bright
yellow crystal 90% yield; m. p. 128-129 °C; IR (KBr): 3500 (w), 3010-3050 (w),
2860-2950 (W), 1790-2040 (w), 1635 (s), 1460-1610 (w), 1280 (s) and 1150 (s) cm™;
'H-NMR (CDCls) & (ppm): 3.99 (s, 4H), 6.90 (dt, J = 7.80, 2H), 6.97 (d, J = 8.58,
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2H), 7.30 (dd, J = 1.64, 2H), 8.40 (s, 2H) and 13.2 (s, 2H); C-NMR (CDCL) §
(ppm): 59.8 (2C), 117.0 (2C), 118.7 (2C), 131.5 (20), 132.4 (2C), 160.9 (2C), 166.5
(20). -

2,2'-{propane-l,3-diylbis[nitrilo(E)methylylidene]}diphenol (saltn):
Yellow needle crystal 28% yield; m. p. 52-53 °C; IR (KBr): 3500 (w), 3000-3060 (w),
2850-2950 (W), 1635 (s), 1627, 1580, 1500 (m), 1280 (m) and 750 (s) cm’'; '"H-NMR
(CDCl3) & (ppm): 2.13-2.16 (quintet, 2H, J = 7.02), 3.74-3.76 (dt, J=7.03), 6.90-7.37
(m, 8H), 8.42 (s, 2H) and 13.48 (s, 2 13C-NMR (CDCl3) & (ppm): 31.7 (C), 56.8
(©), 117.0 (2C), 118.7 (2C), 11 @l /ﬁ) 132.4 (2C), 161.1 (2C) and 165.5

0C).
, e]}diphenol (salophen):
816 U.;M‘& SIR. (KBr): 3502 (w) 3054 (w),
2980-2858 (w), 1619, 60-), 12 1190 (s) em™; 'H-NMR
i1y, 7:08 2H), 7.28 (m, 4H), 7.38 (m,

, MR (CDCl3) & (ppm): 117.6
20), 1190 (20), 1195 @), £19.8C), 1248 2.4 (2C), 133.4 (2C), 142.6

2,2'-{1,2-phenyle

Orange needle crystal

2,2'-{ethane-1,2- dlylbl itrilo(] 1 -yl-1-ylidene]}diphenol (haen):
Yellow needle crystal 580% yl’él&‘:m’ p.gi 200°°C; IR (KBr): 3500 (w), 3010-3050

7.87,1.29, 2H) 7.02 (dd J 8.58, 1 29 2H) 7.30 (dt, = 7.98, 1.82, 2H), 7.56 (dd, J

—7.85,1.49, zﬂ W{ﬂ gffjpcj) 14.8 (2C), 50.2 (20),
117.4 (2C), mus (2C) 1194(2C) 1282 (2C), 132.5(20), 1630(2C) and 173.0
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4.2. Svnthesns of materials

4.2.1. Salen doped mesoporous silica

With the aim to gain the maximum amount of incorporated salen, the
comparative study on the influence of temperature was conducted. Also, the quantity
of salen used in the synthesis was varied for achieving the maximum amount of

incorporated salen.
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4.2.1.1, Preliminary study

To attain an appropriate synthesis condition, the preparation of salen doped
mesoporous silica was performed according to method I at two different temperatures,
40 °C and 60 °C. In both cases, after the synthesis procedure, the resulting yellowish
silica was observed. Howevér, the pale yellow supernatant and washing solutions
were obtained due to the existing of salen in the solutions which was confirmed by the
UV-visible absorbance at 265 and 378 nm. This result means that only some salen

. Tition, the amount of salen that could be

///e; quantitative for both temperatures
4

could be incorporated in the silica. I

iven in Table 4.2, it could be

obviously seen that when from 40 °C to 60 °C, the

amount of incorporated.s JIt could thus be summarized
that the temperature hafl afbsdfoind effect or eparation of salen doped

mesoporous silica. Therefore er s llls sis experiments were performed at 60 °C.

f_.l ,gr

Table 4.2 Effect of the Synthe tﬁn};é fur % on the amount of incorporated salen.
: Incorporated
Temperature
use in the “f ) . salen
(°C) A7 incorporation
S nthems*"—- 1 - (%)
40 T ' a 14.1
| ;.j
60 37.1

adsorption propertles of the modified silicas~Therefore, in gmethod I, various
concen t;ﬂ’} @m%@ Mtﬁs&}t@sﬂtﬂa’}@dﬂa’[ in all cases,
not the qwhole amount of the salen added in the synthesis mixture could be
encapsulated in the silica. The relation between the quantity of salen used for the

synthesis and the amount of incorporated salen was displayed in Table 4.3 and Figure
4.1.
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Table 4.3 Effect of salen concentration used for the synthesis on the amount of salen

incorporated in the mesoporous silica.

Salen/TEOS (mmole/mole)

Salen concentration Incorporated salen
P use in the ) )
(x 10° M) incorporation (%)
synthesis

0.787 399 1.39 232

113 _ 8.62 2.58 29.9

1.82 138 395 283

249 .{“ ’,/ 4.85 23.3

3.07 234 D. 22.5

\‘
F

Incorporated salen (mmole/mole)

9]
15 ﬂ
¢

Afiount of salen used‘in‘the synthesis (mmole/mole)

Figure 4.1 Reé%’on OE sa;en quantity used for gée syn!l;esm and the amount of

“IRTANTUUMINGAY

In combining the results shown in Table 4.3 with that of Figure 4.1, the

20 25

10

amount of incorporated salen seemed to be increased with increasing of salen
concentration. The maximum amount of incorporated salen was about 30% of the
amount of salen used for the synthesis. However, the preparation of salen doped
mesoporous silica from higher salen concentration could not be done due to the
difficulty in dissolving salen. (In this case, the maximum concentration of salen that

could be prepared was 3.07x10 M). Thus further synthesis procedure was focused on
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method 11, in which the amount of salen used in the synthesis was also varied. The
outcome from this study was demonstrated in Table 4.4 and Figure 42 It was lucidly
seen that an increase in the amount of salen addition in the synthesis led to an increase
in the amount of incorporated salen. And the maximum amount of incorporated salen

was obtained when the mole ratio of salen/TEOS used ‘in the synthesis equaled to

120.0 mmole/mole.

Table 4.4 Effect of salen quantity used for the synthesis of salen doped mesoporous

gated salen.

silica by method II on the amou -\\
Salen/TEOS (mmole/mole)

A\ i

pIncorporated salen RSD
() (%)

use in the synthesis

7.69
13.9
15.2
23.4
30.2
30.6
49.9

6.35°

8.76"

60.0 (A4S A, 0.780°

— &, |
U ﬁwgm%’wmﬁ’ﬁ '

120 . P~ T i}\nn 5
a%RS "“.a‘.' ‘" licaf ’. S

b %RSD1)ased on two replicate syntheses.
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mesoporous silica.

i

e

Synthesis numb, -
(mmole/mole)

- 90.8
) 90.7
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In addition, the reproducibility of the synthesis of salen doped mesoporous

silica was also studied. Nine replicate synthesis of salen doped mesoporous silica by
Method II were conducted. The results on the amount of incorporate;i salen were
tabulated in Table 4.5. From this table, it could be concluded that the reproducibility
of the synthesis was excellent since the standard deviation was only 0.170%.
Accordingly, the mole composition used for further synthesis experiments of salen
doped mesoporous.silica was 1 TEOS : 140 H,O (0.1 M NaOH) : 0.18 CTAB : 13
EtOH : 0.12 Salen.

Two synthesis m s i 1ieh described for the synthesis of
salen doped mesoporous sili are the saltn doped mesoporous
silica. And in this time, s joping m ,ﬂ,_::ules. The amount of loading
saltn used for the synthesi ) Ve : d the maximum amount of

incorporated saltn. In M rious: 51 ations of saltn solution were used for

into the silica. Tablel476 showed the re he Quantity of saltn used for the
synthesis and the amog of incorporated saltn. ﬂ
Table 4.6 Effeﬂt%dlt&} ’% %{r]aﬁ-\w ﬁ %\&' 'ﬂ ﬂ@rated saltn.
Sa centratio Sa]J.n/TEOS (mmole/mole) orated saltn
AR TR T AR
q synthesis
0.334 2.55 0.430 . 16.9
0.256 2.75 0.610 222
3.08 23.6 9.25 39.2
4.05 31.0 9.80 31.6
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From Table 4.6, the increasing amount of saltn in the synthesis caused an

enhancement of the incorporated saltn in the mesoporous silica. However, the
maximum incorporated saltn was limited at 9.80 mmole of saltn per 1 n;ole of TEOS
because of the same difficulty in dissolving the Schiff’s base molecules as described
previously in section 4.2.1.2. Thus, in order to enhance the quantity of incorporated
saltn, various amount of these doping molecules were used to prepare the saltn doped
mesoporous silica by Method II. The results on incorporated saltn obtained by the

latter method was tabulated in Table 4.7. According to these results, it was

immediately obvious that the saltn used in the synthesis had a strongly
influence on the amount of i m$ the maximum value was obtained

when the mole ratio o S .Jsedmnthesm was equaled to 100
mmole/mole. | ?
Table 4.7 Effect of iy < of saltn doped mesoporus
silica by Method II on ACORP
Incorporated saltn
use in the synthesis (%)
30.0 18.6
60.0 34.0
100 43.5
In addition, to.]etermme cibility oﬂhe preperation process, the

synthe51s of saltn doped’mesoporous silica.was repeated ten times using the mole

compostion o) L) IABIT SR A 01 et 1 v

found that the ayerage amount of 1gcorporated saltn was 43.5 mmole per 1 mole of

reos % R P THIK W ’}’ﬁp‘ﬁt&l s o o

synthesi$lof saltn doped mesoporous silica.

4.2.3. Salophen doped mesoporous silica

The synthesis of salophen doped mesoporous silica was conducted as the same
manner of the former materials. Again, the amount of salophen used for the synthesis
was the main factor for the synthesis of this modified material. In Method I, the

concentration of the salophen used for the synthesis was varied between 4.0 mM to 10
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mM. Similar conclusions were obtained: only some salophen molecules could be

incorporated into the silica and the amount of incorporated salophen increased
linearly with the increasing of the amount of salophen used for the synthesis (see
Table 4.8 and Figure 4.3). However, the maximum incorporated salophen was limited
at 8.12 mmole per 1 mole of TEOS due to the trouble of solubility of Schiff’s base
ligand as mentioned before. Thus, to increase the maximum amount of incorporated
salophen, Method II became a procedure of interest. For the latter method, the

synthesis of salophen doped mesoporous silica was performed in duplicated and the

mole ratio of salophen/TEOS used ; nthesis equaled to 30, 60, 70 and 80
mmole/mole. The results fro , ,

4.4. Tt could be seen that mt

the increasing of salo

presented in Table 4.9 and Figure
Qﬁl‘lm tended to increase with

siS."The maximum incorporated

salophen was obtaine of sal 'EOS was 80.0 mmole/mole.
By using this maxim is functionalized silica was

repeated seven times e synthesis procedure. The

series of experiments were . 1 that the average amount of

incorporated salophen wa “mole of TEOS with 1.56% RSD. From

the results, the preparation alo; mesoporous silica was also shown an
e

excellent reproducibility proced: ; : ' ole composition of salophen doped
A

mesoporous silica at 4, TEOS 140 H,0'(

Table 4.8 Effect of salopbe&cbncentration %the amount of incorporated salophen.

e ,E%,MIEJ 7 JS é}()}) . dg Wﬁﬁ?ﬁf)‘l }  Incorporated
<102 M) use n}the TR w salophen
WAV EINae ™
70.483 3.69 0.280 759
0.682 5.20 0.690 g I8
0.812 6.20 0.960 15.5
1.06 8.12 1.32 16.3
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mesoporous silica by Method I o he S hount'o __t\‘-. porated salophen.

Salophen/TEOS (mmol mole} _ﬂ," P orated salophen RSD
use in the synthesis incorp S - (%) (%)
30.0 6.73
60.0 3.03
70.0 ; : 6.52
80.0 H & et 1.56
—me ELRIIER
¢ o o/
QRIAINTUNNINIAE



37

D 50- )
[e]
E x
Q
[=}
1= 40"
E
(= L
2 301
Q
o
3 20 =
= ]
8
A
5 104
O
S
0- T
80
synthesis (mmole/mole)

Figure 4.4 Relation of s ity used for the synthesis of salophen doped

corporated salophen.

From the aforementi ot he nth esis of the three Schiff’s base doped
mesoporous materials, it w: -::-r:.. : od tha the limit of the solubility of Schiff’s
base molecules restricted th AMOU “ “incorporated Schiff’s base into the

mesoporous silica. Therefore, thesis doped mesoporous silica was

performed according fo Method I mum quantity of incorporated
of hﬁ‘l for the synthesis. Similar

phenomenon ‘during the synthesis was erved The supernatant and washing

solutions werﬂ w’al(ﬂiﬁj thp%;E}’]ﬁe‘jm the solutions. This

cause could be Tonfirmed by the p%ak of haen at 324 nm in UV-V151ble spectrum of

both s@tw’rﬂm@nﬂﬁ mﬂﬁ hae?haen useﬁﬁe s ere collected in

Table 4.40 and the relation between the quantity o ynthesis and the

haen was consideredB' using

amount of incorporated haen was displayed in Figure 4.5. .
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Table 4.10 Effect of haen quantity used for the synthesis of haen doped mesoporous

silica by Method II on the amount of incorporated haen.

Haen/TEOS (mmole/mmole) Incorporated haen : RSD?
use in the synthesis incorporation (%) . ()
30.0 9.70 32.3 =
60.0 2710 45.0 3.03
80.0 42.5 53.1 6.52
100 67.0 67.0 -

*%RSD based on two replicate

Incorporated haen (mmole/mole)

il
Figure 4.5 Relation ofﬁen quant synthesis of haen doped mesoporous
silica by method II and ﬂll‘ﬁ amount of incorgo}rated haen.
=

AUYINUNINEINT

According to the results from the experiment, it was observed that the
increasi i t‘ is ool liﬂthe increase in
the amﬁm‘ﬁm himzlﬁ:j Emﬁjh OS equaled to
100.0 mmole/mole showed the highest incorporation of haen. For achieving the best
modified silica in terms of the reproducibility of the synthesis, eight haen doped
mesoporous silica were synthesized using the same composition. And the average of
62.6 mmole of incorporated haen per 1 mole of TEOS was obtained with 0.17% RSD.
This value confirmed the excellent reproducibility in the synthesis of haen doped

mesoporous silica. Thus, the mole composition used for further synthesis of this

material was 1 TEOS : 140 H,O (0.1 M NaOH) : 0.18 CTAB : 13 EtOH : 0.10 Haen.
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4.3. Characterization of materials

4.3.1. Determination of organic matter contents in silica. i

The determination of organic matter contents in silica was evaluated by three
methods, including calcination, thermogravimetric analysis and elemental analysis.
Each method was conducted and then the results from the experiments were

illustrated as follows.

4.3.1.1. Calcination

The calcination technique o find the amount of organic matters in

the as-synthesized silica. The values f iment were collected to compare

with the calculated data obtaitied fr t@mpositions of each material
(theoretical values), th'—- i \MB The results obtained from

g

-

all mesoporous silica were di

Y
Table 4.11 Organic T 1-depe ica prepared from different
synthesis. o Jﬁ-’_ ﬁ
i 1& ma ﬂ experimental value
Synthesis A % 100
4 = , theoretical value
number Experimen el al value .
TR 8
1 _ 101.9
2 v = 100.0
3 4 l 103.1
4 46.26 66.05 100.0
> AUBINENINEINT o
6 U 4535 46.02 98.5
¢ o uﬂ)l )




Table 4.12 Organic matters in salen doped mesoporous silica synthesized by different

methods and contained various amounts of incorporated salen.

40

Incorporated | Organic matter contents (%) | experimental value
Method | salen/TEOS | Experimental | Theoretical | theoretical value %100 ¢
(mmole/mole) | value value (%)
1.34 47.75 46.18 103.4
139 47.26 46.20 1023
2.58 47.61 46.35 102.7
I 3.90 46.59 103.3
3.94 102.9
5.33 102.5
4.30 105.1
1.51 104.5
2.70 103.2
. 3.20 102.9
8.30 99.9
123 109.9
90.6 106.3

Table 4.13 Organic ‘:

m“‘:f# a synthesized by Method

II and contained var :
Organic matter contents (% experimental value
Incorporated saltn/TEOS x 100
eﬂ u EI ]m W tﬂff‘ ?eoretical value
(mmole/mo |
1.I value vaiue (%)

05 71091
oV WERE R Pk EREE
19.6 55.40 48.28 114.8
43,5 - 58.43 51.40 113.7
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Table 4.14 Organic matters in salophen doped mesoporous silica synthesized by

Method II and contained various amounts of incorporated salophen.

Organic matter contents (% >
Incorporated salophen/TEOS | - ) i i % 100
Experimental | Theoretical | theoretical value
(mmole/mole)
value value (%)
9.00 50.69 47.36 '107.0
23.8 54.51 49.43 110.3
32.7 55.37 50.61 109.4
46.9 ! 52.35 111.4

o

doped mesoposous silica synthesized by Method

Table 4.15 Organic maﬁa&

II and contained various ; , } OTpo. i

L AOpfanic conten
Incoporated haen/TEQS / éf&ﬁ ‘“
péti theoretical value

imenta .ﬁ i
(mmole/mole) ' -
N8 VAN %)

experimental value

x 100

9.70 105.5

271 108.8
39.2 110.2
62.6 107.7
As could bessgeén from 1t§ of organic matters obtained

from the experiment in all mesoporou a were slig@y higher than the theoretical

values. The minor differénee might be explained by the amounts of physisorbed water

and chemisorﬂa Tufed Shith erd/ 3l H\le | frakiep Gk of silica before the

beginning of caltination experiment. In fact, the ghysmorbed and chemisorbed water
U RRARIATRANIIN #TFE) 2]

4.3.1.2. Thermogravimetric analysis

Thermogravimetric method is also available for the determination of the
amount of organic matters in silica. This technique provides informations about the
weight loss steps corresponding to physically adsorbed water, organic and surfactant
molecules thermodesorption, and silanol condensation. In this thesis, the modified

mesoporous silica, which had the maximum amount of incorporated Schiff’s base
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molecules were brought to study. The TGA and DTG curves of all as-synthesized

mesoporous silica were exhibited in Figure 4.6 - 4.10. The percentages of weight loss

obtained from TGA curves for all materials were also summarized in Table 4.16.

A0+

—-+—Mass

—'.C
g 207 —— d(TG)/dt E
2 g
S -30- 413 8
)
4 b
-40 f-LAN 14 °
50 / ‘e T ) —remeenn ~|-5
0 4 60 1000
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Figure 4.7 TGA and DTG curves of salen doped mesoporous silica.
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Table 4.16 The weight loss fr¢ 1_" alt) as=synthesized mesoporous sifica.
Type of silica i ?;%h klas
00-700
, S, L. |
Non-doped A90 ' . 50.0
Salen doped ’ | 56.2
Saltn doped 529
Salophen do 50.7
U
Haen doped ! : 10.2 ey ) 82.5
N R TN SRR
As could be seen from these figures, al A curves showed analogous

behavior. The first mass loss between 20 °C and 150 °C was attributed to the loss of
water present in silica. All materials showed a further mass loss st.arted at 150 °C and

was completely removed at 700 °C which was due to desorption and decomposition of |
both template and doping molecules. In addition, the net weight loss results were in

accordance with the theoretical values of organic matter contents displayed in section
43.1.1.
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4.3.1.3. Elemental analysis

Further evidence of the presence of organic matters in modified silica was
demonstrated by elemental analysis. This technique provided the data on the basis of
C, H, N analysis. The elemental mass of both non-doped and all four Schiff’s base

doped mesoporous silica from three replicated experiments and that calculated from

the composition of starting materials as shown in Appendix C were collected in Table

4.17.

Table 4.17 Elemental analysis resul&?‘

dified mesoporous silica.

\‘:ﬂ % 1 mass (%)
Modified silica — F ——i N
Theoret ntal Th@! ﬁerimental Theoretical | Experimental
valu )ﬂ L valu . values values values
Non-doped | 36.9 791 1670 2264 |1.927+0.021
Salen doped 43.12 ' s 3.727 |3.189+0.224
Saltn doped | 40744 0161\ 47 3.025 |2.570+0.187
Sulophendoped) 41, .9¢q§§bi; 587, f6. 140, 3.038 |2.533+0.148
Haen doped 42.36 56@23”1" " 787 \»235i0.028 3.351 2.453+0.124
HE.-:{ , ZeL),

From Table 4.17, the _skgg}@d
experimental values—4 i
difference was probab!

procedure.

43.2. Investlﬂ 1J &l 1 mﬂ m‘i w %Jemti silica using FT-IR

technique.

RrIR shefosdo i‘?}@ﬁH WA IR Gy st
success 3f the modified solid process [27, 55, 56]. In order to confirm the presence of
surfactant and Schiff’s base molecules in the modified silica, the synthesized
mesoporous silica was then examined by FT-IR spectroscopy. The resulting spectra
for non-doped mesoporous silica, salen doped mesoporous silica, saltn doped
mesoporous silica, salophen doped mesoporous silica and haen doped mesoporous

silica were exhibited in Figures 4.11— 4.15, respectively.
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Figure 4.12 FT-IR spectra of (a) CTAB; (b) salen and (c) salen doped mesoporous

silica.
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Figure 4.14 FT-IR spectra of (a) CTAB; (b) salophen and (c) salophen doped

mesoporous silica.
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Transmittance (a.u.)

R spectra of the non-doped mesoporous

silica showed the characterist ¢ bai ilica framework [57]. The peak at 1064
=

and 794 cm™ correspond to the @fp

G

absorption band of Sl@‘l 00 cmﬂ The band at 1620 cm™ was

assigned to a deformatighanode of adsorbed molecular water (O-H stretching). In

addition, the sﬂturgg%ﬂ %W@%N@Jﬂrﬂeﬁuc bands of CTAB at

2923,2854 and 1481.5 cm™ for CH stretching.

BT P S e Py i s
of the silica framework and CTAB were observed at the same position found in FT-IR
spectra of non-doped mesoporous silica. Furthermore, this spectrum had also a sharp
peak at 1596 cmr'l which was the characteristic of the vc—y bond, as observed in the
spectrum of Figure 4.12 (b). The characteristic vc=ny bond in the spectrum of salen

doped mesoporous silica was evidence of the presence of salen (C=N group) in the

structure of the modified silica [41, 58].
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The characteristic spectra of other Schiff’s base ligands and Schiff’s base
doped mesoporous silica was similarly demonstrated in Figures 4.13 — 4.15.
Considering the FT-IR spectrum of all Schiff’s base doped mesopor(;us silica, all
characteristic bands of silica were observed as described previously. These spectra
also had two sharp peaks at 2850 and 2925 cm™ that were assigned to the stretching
mode of CH, groups in CTAB. In addition, the incorporated Schiff’s base ligands
could be characterized by the presence of a band at about 1600 cm’! corresponding to

ve=n of the Schiff’s base molecules. These IR results confirmed the existence of

incorporated Schiff’s bases in the rt gk\ii' ff//l’ base doped mesoporous silica.
4.3.3. Determination of
As solvents pla//

Schiff’s bases, thus, t0 o

solvent were brought

The experiments ISt p Usi vent mixture of ACN/H,0 or

EtOH/H,0 with many variaples, i volume tatio, (ied 10 : 0,9 : 1,1: 1and 1: 9) to

q.
l
|k
Iln

extract salen molecules out of 3@. ;‘9--,- of extracted salen were then
_-.-v". '_,#. L ,

determined by UV-vi ‘_jlble spectroscopy.

EtOH/H,0 was used, tB accessible salen could be detq—'ﬂnined. Furthermore, among
four volume ratios of FgO 20O used, t ratio of EtOH/H,0 equaled to 9 : 1

provided the 1ﬂ. uaEI) 'BJ %&} Wlﬁ; w E}"}ﬂeﬁe solvent mixture of

EtOH/H,0 at this volume ratio was used for funher determmatlon of accessible
TSN e e
obtained fresults revealed that salen is the only Schiff’s base which could be
quantitatively extracted from mesoporous silica, while saltn, salophen and haen could
not be extracted in this condition. This phenomenon may be explained by the

inappropriate solvent for the three latter ligands or by the inaccessible of these ligands

to the solvent.
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Further determination of accessible salen was performed on other salen doped

mesoporous silica containing different amounts of incorporated salen. The results
were exhibited in Figure 4.16. As seen from this figure, the amount of accessible
salen was related to those of incorporated salen. However, the maximum amount of
accessible salen that could be obtained was only 40% of the total amounts of

incorporated salen. This limitation might be caused by the presence of some salen

molecules in close pores of silica.
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Figure 4.16 Relation bet salen and incorporated salen.
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4.3.4. Crystallinity a@ morphology of modified mesmorous silica
4.3.4.1. Crystallinity of materials

o el WS 0 D ELTET I ATIT 0 e 20 e

indicate the cr%talhmty of materials. Thus, to, confirm the .ﬂ.ystalhmty of the

oo QYRR TH OIS 4 b e

diffractidh technique. The diffractogram of the materials studied were shown in
Figure 4.17.

-
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the diffraGtion peaks, which exhibited the crystalline solid structure. Also, all samples
showed a very strong peak attributed to (100) reflection around 26 = 2°, indicating the
presence of periodic mesostructure [59]. Furthermore, the patterns in Figure 4.17
appeared to described a lamellar phase mesostructure, exhibiting strong d;o and weak
daoo reflections. In addition, the XRD patterns of the as-synthesized materials and the
corresponding samples measured after the removal of organic template from the pores

of mesoporous silica by calcinations at 540 °C were displayed in Figure 4.18. Also,
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the d-spacing values of the as-synthesized and the calcined mesoporous silica were

summarized in Table 4.18.
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Table 4.18 XRD data of the as-synthesized and calcined mesoporous silica.

Type of As-synthesized silica Calcined silica
mesoporous silica 20 d-spacing (A) 20 d-spacing (A)
2.30 38.38 2.48 35.59
Non-doped 3.96 22.27 4.81 18.38
4.62 19.12
2.30 38.39 2.46 35.89
Salen doped
4.58 - 4.59 19.20
2 : 2.42 36.48
Saltn doped &: 2 L—
————— 1 | < NE 18.67
BTl 244 36.18
Salophen doped NN
. _7 N, 4.36 20.25
{18906 248 35.6
Haen doped =
o Ful (FAL
oy -
A

The results from E 18 nd- able 4.1 aled that the organic template

affected the 1nten31ty of ially the parent one, in XRD

patterns. Apart from haen dopeg‘mqr 8 Silica, in the absence of the template, the

intensity of (100) di slightly increased while a

basal peak position wa$ shifted to
intensity observed herﬂ'light be

increase in scattering dofnain size. These iadicated that the structural ordering was

eins e B F b ) TN G ) Fvtion o8l

shrinkage in pofy size. This was prebably due to.the condensatiensof Si-OH groups

o R SRR R IEER G e ot e

doped masoporous silica, the main XRD line was decreased and higher order lines

sler The increase in scattering

betier ordering of the inorganic framework or

disappeared. This might be due to a significant degradation of. a solid and some
collapse, which suggested that the template of this material was unstable towards

calcination.
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4.3.4.2. Mesoporosity, surface area and pore size

Nitrogen sorption measurement was the most widely used method for the
determination of surface area and porous texture of various materials. In order to
characterize the texture morphologies of the synthesized mesoporous silica, this
technique was used in this study. The functionalized materials were characterized by
the determination of their specific surface area through the BET method. The pore
size distributions were analyzed following the BJH model. The pore volume

calculated from the desorption volume at P/P, = 0.99. The nitrogen sorption isotherms

”y}wd silica were shown in Figure 4.19

"l o Jf:.‘\

and pore size distributions of the

and Figure 4.20, respectivel
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Figure 4.19 Nitrogen sorption isotherms of the modified mesoporous silica.



Pore volume (cm3/g)

Pore volume (cm’/g)

55

6.
. Non-doped I
L 5
E
S 4 -
(]
£ 34
=]
g 2
o
& 1
O-
10 100 © 1000
Pore diameter (A)
101
saltn doped
8.
6.
4.
2.
04
10 100 1000
Pore diameter (A Pore diameter (A)
101
haen doped
8.
6.
4-
2.
0.
10 100 1000

Pore diamet Pore diameter (A)

4 —X
Figure 4.20 BJH pore diameters of, the modified mesoporous silica.
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The results in Figure 4.19 s?owed N, scgtlon 1sotherms at various relative

press lﬁ ﬁxﬁaw m ﬂlples A linear
increase ©f absorbed volume at low pressures Was followed by a steep increase in

nitrogen uptake at a relative pressure of 0.2 < P/Py < 0.4, which was due to capillary
condensation inside the mesopore. Thus, all isotherms exhibited the same type IV
isotherms with H4 hysteresis loop according to IUPAC, which was the characteristic
of mesoporous material with slit-shaped pores [28]. The BJH desorption results from
Figure 4.20 confirmed the mesopore of the modified silica with a narrow pore size

distribution and a mean value of 24-27 A. In addition, the BET surface area, pore
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volume and mesoporosity were calculated using the isotherms and listed in Table
4.19.

Table 4.19 Textural morphologies of the modified silica determined from N, sorption
experiments at 77 K and XRD measurements.

d100 ap S V, APD | W t
A | A | @Y | | A | A | A
Non-doped 356 41.1 ’ﬁo 0.99 28.7 245 | 16.6

Salen doped | 35.9 \ / 1.60 | 354 | 274 | 14.1
@36 36.1 | 274 | 14.7

Type of silica

Saltn doped
Salophen doped e ) 29.6 245 | 17.3
Haen doped \\Q 367 | 274 | 13.7

00 d-value 100 reflections;
2djo/\3; S, BET surfac
obtained from single-point vo
W, pore size (A) obtained

ﬁw data using the formula a, =
2 &Pﬁo »» Total pore volume (cm’/g)

ve g&}sgre diameter calculated from 4V,/S;
od proposed by Kruk et. al. [62]); ¢, pore wall

area of the mesoporous silica epa i t the incorporation of Schiff’s base

i
-

molecules. This greitfr values

between the organicgroup
molecules when Schifg base corpo@ed into the pore surface of
silica. In addition, the pgrglolume of the‘ﬂpn—doped mesoporous silica was much

lower than thaﬁ' u E}@e%lﬂ.ﬂﬁ wgs{q%@ that the incorporation

of Schiff’s base ‘folecules by a dopi?g techniquegought an extegfliibility of the pore
size av%awwjaﬁ ﬁ ﬂ ?{]ﬂaﬁwmrm \ﬁl Hckness values
obtained dby subtracing the average pore diameter (4PD) from the lattice parameter
(a0) did not significantly change in any materials. However, the wall thickness of haen
doped mesoporous silica at 13.7 A was lower than those of the (;ther four modified
silica which had walls of thickness in the range 14.1 to 17.3 A. The thinner wall for
the haen doped mesoporous silica was consistent with structural collapse during
calcination. The textural data of the haen doped mesoporous silica was indicative of

lower structural ordering material which was in agreement with the XRD results

described earlier.
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4.3.4.3. Particle size

The particle size of material was one of the most important phys:ico—chemical
parameters for silica [22]. Generally, .silica packing can be defined as the average
particle diameter distribution. In this thesis, the particle size of all as-synthesized
silica was determined by the Malvern laser diffraction technique, which was widely
used method. The representative particle size curves of the modified silica based on

volume was exhibited in Figure 4.21 and the frequently found particle size of each

materials was summarized in Table 4.20

1 dopec : saltn doped
6.0- : :
L 45
Q
£ 3.0
(=]
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; | t
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Figure 4.21 Particle diameters of as-synthesized non-doped and Schiff’s base doped

mesoporous silica.
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Table 4.20 The frequently found particle size of as-synthesized mesoporous silica.

Type of silica Particle size (um) .
Non-doped 11.84
Salen doped 8.640
Saltn doped 10.48
Salophen doped - 8.170
Haen doped 9.480 and 23.20

The above éxperimental ‘\\‘ ,’? arly indicated that all the modified
T 0
particle

mesoporous silica had a narrow. _ ution. The particle size of each

modified silica prepared wa onificantly difféfént, and all materials had a mean

The morpholo syntt esized silica vas determined using scanning

electron microscopy ( niques: e results were displayed in Figure 4.22.
The SEM micrograph of the _ I ate “in this figure showed a regular
morphology of spherical p E8A — terials examined, the particle size of

salen doped mesoporous silig Joke n than those respective materials.
Considering the me D dorous silica was about 1.60

um, whereas the pa .,‘:?‘, to be in the range of 0.40

-0.50 pm. m U

AU INENTNEINS
RINNIUUNIININY
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Figure 4,22/ SEM imiages of as-syrithesized/(a) non-doped,  (b) salen-doped, (c) saltn
doped, (d) salophen doped and () haen doped mesoporous silica.
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4.4, Extraction properties of materials

The extraction of metal ions on the modified silica was found to Elepend on the
sorbate-sorbent characteristics as well as the experimental conditions. So the
influence of the parameters on the metal extraction needed to be optimized for
achieving the maximum extent of metal adsorption. In this thesis, five metal ions such
as Co(Il), Cu(Il), Fe(II), Fe(IIT) and Mn (III), were used as target metals. The Schiff’s
base doped mesoporous silica which had the maximum amount of incorporated
Schiff’s base molecules were used as a sorbent in the extraction experiments. Some

investigate the quantitative extraction.

preliminary factors were evaluatq\_r i

The pH of metal solution, th

the amount of silica wew

modified silicas to variou

1n metal solution, temperature and

hmmldmon the selectivity of these

Fmally, the desorption of metal

The pH of me n was- i ot in the adsorption of metal

because it could determing'tt ue ndi stability constant of the metal

co-workers [48] that the addltlongjﬁ) L '_ L NalNO; into the metal solution increased

meat ‘;f

the metal extraction ,Qipa(:lty, so in thls dxtraction experiments were

@ the pH range of 2.0-6.0

studied using metal ol

unless stated otherwiseg ﬂ

wn B UEANNTNYNS

The inﬂuﬂlce of pH on the extraction of Co(II) in the pH gange of 2 to 5 was
imvest Gl CRRG TR ed S B pipjsbrorous st
non-doped and salen doped, were capable of extracting Co(II). The results were
plotted between the amounts of Co(II) sorption and the initial pH of metal solution as

shown in Figure 4.23.
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Figure 4.23 Effect of // 3( ‘R tr \X\ s of non-doped and salen

As shown in Figurg'4. ,ﬁié;qén doped mesoporous silica had more capacity

to extract Co(II) than that ¢ _' soporous silica. However, both silicas

maximum value arot ;,ﬁ 2 ' ght/be due to the competition
between protons preseE in the : ion@or retention on the sorbent.
Thus, at low pH values, the metal extractiongwas hampered.

ﬂumwﬂmwmm

4.4.1.2. Extracti®h of Cu(Il)

AW ﬂ‘ﬁ mﬂ%ﬁ? o wsing Cu(l)

solution at pH 2. In this experimental condition, the lack of Cu(II) extraction ability

for all mesoporous silica was observed. Further experiment was then conducted using
Cu(II) solution at pH 3. During the extraction process, the precipitation of Cu(OH),
was formed. In fact, the pH of solution at equilibrium was about 6 which provoked
facile precipitation. Hence, subsequent extraction test was carried out at pH 2.5. In
this condition, the copper ions were not extracted by non-doped mesoporous silica.
While all Schiff’s base doped mesoporous silica were capable of extracting these ions.

Actually, when the functionalized silica was mixed with the Cu(II) solution, the color
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of silica was immediately changed to green which was the color of Cu-Schiff’s base

complex. The amounts of Cu(Il) uptake by Schiff’s base doped mesoporous silica

from three replicated experiments was given in Table 4.21.

Table 4.21 The amounts of Cu(Il) uptake by Schiff’s base doped mesoporous silica.

Cu(II) uptake
Type of mesoporous silica
(mol/kg) RSD(%)
Salen doped 0.1296 + 0.0040 3.09
Saltn doped . 0i1857 £ 0.0010 0.54
LN

Salophen doped ) .| 19 0039 322
alophen dope 7 \ 0
Haen doped 0.0443 7070046 4.78

From the results digpla. Table 4 x\-» II) ions could be extracted
quantitatively through*all silica sta K‘ e ghest extracted value was
obtained when saltn depe as a sorbent, whereas haen

doped mesoporous sili [ St extraction capacity. This highest
extractability was probab - ?-' f senice of the propyl group between two
e propyl group offered these

molecules the flexibility to behave | ke 2t e ntate ligand and thus provided them
....—:e‘r =

the facility to form ﬁgnplex with Tets ﬁ- lowest value of Cu(Il)

extraction might bel 8xplain of haen, which had methyl

substituent groups orﬂlhe imine-C atoms. Th @thyl groups caused steric
hindrance occurred on the&aen structure igd had effect on the process of Cu(ll)

binding to the ﬁ of s of Hgeh b Geforandih ifica) THetgfore, the complexation

ability on the pfocess of Cu(ll) w1t§ haen doped mesoporous sﬂlca was lower than

RN RANFHERTINY1AY
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4.4.1.3. Extraction of Fe(I)

In order to determine the effect of pH on the Fe(II) extraction efficiency of all

materials, the pH of metal solution was varied from 2 to 6. The results were

graphically demonstrated in Figure 4.24.

Fe(II) uptake (mol/kg)

D4 (<)
2
2 0.3 = « °
;",’ ]
£ 0.21
a
=
2 0.1
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. 049 - , (e)
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~ | ! !
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2 3 4 5 6 2 3. 4 5 6
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Figure 4.24 Effect of pH of metal solution on Fe(II) extraction efficiency of (a) non-
doped, (b) salen doped, (c) saltn doped, (d) salophen doped and (e) haen doped

mesoporous silica.
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From Figure 4.24, it could be easily seen that Fe(II) extraction properties of all
mesoporous silica had the same general trends. The sorption quantities of Fe(Il)
increased with the increasing of pH value and reached their maximum .value around
pH 4-5. However, after the extraction process the leaching of Schiff’s base molecules
out of silica was detected because the color of metal solution became brown which
was the color of Fe(II)-Schiff’s base complexes. Also, the leaching of such complexes
was confirmed by the signal of UV absorbance at 278 nm. This seemed to be the

reason for the very close extractability of Schiff’s base doped mesoporous silica and

Wy,

4.4.1.4. Extraction of Mngn:‘* 2
The effect of pHONE Gt

studied. The experim

non-doped mesoporous silica.

the pH range of 2 to 6 was also
of modified silica did not

extract any manganes 1 onsic -e}gb ‘This behavior might be due

to the inappropriate e ) used. \In é&‘the preparation of Mn(II)-
Schiff’s base complexe severe condition such as higher
temperature [63-65]. On " .mesoporous silica had some
capacity of Mn(Il) extractio H o1 solution was higher than 5. The
amount of Mn(II) uptake was 0. ( d 0.0659 + 0.0034 mol/kg when the
initial pH of metal Blutlon were"F AT , respecti « However, as the Mn(Il)
extracted values was-{oW; ete not suitable for Mn(II)
extraction, especially t}ié : a lot ofﬁ(n(ll) ions.

4.4.2. Effect oﬂluﬁ ‘fg %ﬁ'ﬂﬁ’w BN

As prev@sly mentioned, the presence of 0.1 M NaNO3 in metal solution

played (ﬁ ﬂlﬁem ﬂm ﬂ terials. And as
we knerthat the most abundant salt species in natural water were Na‘, K, Cl" and

NOs". Therefore, the influence of these ions on the metal extraction properties were
also investigated. The experiments were carried out using each metal solution
containing various types of salts such as NaNOs;, NaCl, KNO; and KC1 with 0.1 M in

concentration. The results of each metal were described below.
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4.4.2.1. Extraction of Co(II)

The influence of salts on Co(II) extraction was also studied using non-doped

and Schiff’s base doped mesoporous silica as sorbents. It was found that the haen
doped mesoporous silica did not extract any Co(II) ions from all extraction condition
used. The lack of Co(Il) extractability may be caused by the haen structure. For other
materials, their results were shown in Figure 4.25. The results given in this figure
showed that all mesoporous silica had similar trends towards Co(Il) extraction.
Interestingly, for all silica, the amount of Co(II) uptake was higher when NaNO; was

present in metal solution. This re to be the advantage of these materials

when applied for real sample con 2 ning s. However, the Co(Il) extraction

mparifig to,other metal ions. Thus these

e application to the Co(Il)
of Co(I).

materials may be not

extraction from samples

salen doped
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Figure 4.25 Effect of salts on Co(Il) extraction efficiency of non-doped, salen doped,

saltn doped, and salophen doped mesoporous silica.
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4.4.2.2. Extraction of Cu(Il)
The effect of salts on the Cu(Il) extraction was conducted at pH 2.5. As

described previously in section 4.4.1.2. that the non-doped mesoporous silica
couldn’t extract any Cu(Il) ions in this condition, this effect of salts was then carried
out on only four Schiff’s base doped mesoporous silica. The amounts of Cu(Il)

uptake for each material were shown in Figure 4.26.

saltn-doped
_ 0.20] -
g
3 0.161
E z
% 0.12'
S 0.08
2 0.04{F
=
O
0.00 ' z o K¢
e NaNO, NaCl KNO, KCI
Type of salts
haen doped
~ 0.20
2
=
g 0.15]
£
0.101 E:
g s
£ 0.05 E
3
O
0.00 ‘NaNO, Nadl ~ KNO,  KdI
Type of salts

— méT*ufif THEYETS ™=
ARARIA BRHN AT o s

showed a 51m1]ar trend towards Cu(II) extraction. In case of the absence of salt in the
extraction system, the Cu(Il) extracted values were generally low for all Schiff’s base
doped mesoporous silica used, especially for saltn doped and haen doped mesoporous
silica. The presence of salt, especially NaCl, in metal solution augmented significantly
the Cu(Il) sorption capacity of materials. So, this result indicated the advantage of
using the Schiff’s base doped mesoporous silica as a sorbent for Cu(Il) extraction

when applied to real samples containing high saline (i.e. séawater). In addition,
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among four Schiff’s base doped mesoporous silica used as sorbent, the haen doped
mesoporous silica showed the lowest extractability of Cu(Il). This result seemed to be

caused by the steric hindrance on its’ structure as described previously.

4.4.2.3. Extraction of iron
4.4.2.3.1. Extraction of Fe(Il)

The influence of salts on the Fe(II) extraction properties was performed at pH
4. The results of Fe(I) uptake in mol/kg were displayed in Figure 4.27. As could be

studied was observed. The presence yf salts/in ion enhanced the Fe(Il) extraction
capacity. However, the ext 1t ica was slightly better than that

of Schiff’s base doped

ability of the latter materials

may be explained i base molecules during the

extraction process. Ind jon was brown in color which was

the color of metal-Schiff's Basé Complexes. }\ ippearance of these complexes in

5 (R 4 _
solution was also confirmed '?“ i"- :\ p UV -visible spectrum at 278 nm.
Hence, all Schiff’s base dgped mesoporous silic: \ e not suitable for the extraction

Jﬂ ® "l

of Fe(II) due to the decrease in lifetime of theése materials after use.
i < o

:‘
g
AUEINENINYINT
RINNTUUNININY
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Figure 4 ffect of salts on Fe(Il) extraction e 1ciency of non-doped and Schiff’s

base doped mesoporous silica. .
4.4.2.3.2. Extraction of Fe(Ill)

For the extraction of Fe(III), only 0.1 M NaNO; was used as salt present in
metal solution. The experimental results found that the non-doped mesoporous silica
did not showed any extraction tendency towards Fe(III) ions in both two mediums

studied. On the contrary, all Schiff’s base doped mesoporous silica had the ability to
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extract Fe(IIT) ions as shown in Figure 4.28. Thus, the Fe(III) extractability of these
materials was likely due to the Schiff’s base molecules inside the silica. This

extraction behavior indicated the selectivity of Schiff’s base doped mesoporous silica

to the extraction of Fe(III).
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Figure 4.28 Effect of “saltsom the Fe( cy of Schiff’s base doped
mesoporous silica. E m

The rﬁtsuglﬁnf} ﬂgﬁ:ﬂzﬁwlﬁqaﬂ ?e increase in Fe(IIl)

extraction ablhﬂ of all Schiff’s base doped mesoporous silica when NaNO; was

1 WO NP PN L b
mesoporqus silica had ighe tracti r:] gher extracted

value seemed to be originated mainly from the propyl groups on the saltn structure
which had more influenced on the formation of 1 : 1 square-planar complex than
respective ligands. This good extraction results was also considered as a favor of
application of these materials to the determination of Fe(Ill) from waste water

containing high saline.
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4.4.2.4. Extraction of Mn(II)

The effect of salts on Mn(II) extraction properties of all modified mesoporous
silica was also investigated. It was found that all synthesized mesoporOI;s silica could
not extract any Mn(II) ions in all conditions studied. Thus, it might be concluded that
the non-doped and all Schiff’s base doped mesoporous silica in this work were not the

suitable sorbent for the extraction of Mn(II).

4.4.3. Effect of temperature
The effect of temperature

factor that might be influenced on the
meta] retention efﬁc1ency 0 & is effect should be opitimized to

ent,’ Tl@ent was then carried out using

ed mesoporous silica was

ensure quantitative retenti
two points of temperat
used as a sorbent. Cu( s sample ions. The medium

used for each metal seo r Cu(Il), aqueous solution

for Fe(TIT) and 0.1 MM ' Min(i). The 'selection of Cu(Il) and Fe(Ill) was
based on their higher ex o el t pther metal ions studied. Also
Schiff’s base doped mesop ore amounts of both metal ions
than those of non-doped m ently, these results indicated the
selectivity of Schiff’s base do ous silica towards Cu(Il) and Fe(III)
extraction. On the otﬁr hand, as Mn(II} ed in the entire conditions
studied, so the effe of temperz jor to increase the Mn(II)

extraction capacity of @terla S

From the results,‘at was found that &}e functionalized silica could not extract

any Mn(II) 1(ﬁ %ﬂl %‘nﬁﬁ%@ WE}K] ﬂ:@and both Cu(ll) and

Fe(1II) were fouhd to be extracted by salen doped mesoporous sﬂlca and the extracted

EIRTRY ASEURIINY A Y
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Figure 4.29 Effect of tempcrafure’ on_the '*o trac o\\\ Cu(Il) and Fe(IIl) by salen

doped mesoporous silica.

ction'’datal, fr 4.29, the amounts of Cu(II)
and Fe(III) that could be gxtracte A%F% - 1 mesoporous silica were affected by
The amounts of both extracted
metals performed at 40 °C w_z_1§ T 1e) wse carried out at 25 °C. However, the

tracted values. This results

etal solution. Indeed, the
black-brown color which was the color o ' complex—ﬂas observed in solution after

extraction. The appeararice=of the Fe(IIl)-salen complex was also confirmed by the

peakatzmmﬂ‘iJEJ’J“ﬂ?JWﬁWEJ’]ﬂ‘ﬁ
s GERARATED] 1110791278

One of the key parameters in the evaluation of the metal extraction was the
amount of sorbent. In order to elucidate the influence of this parameter, the
experiment was carried out using Cu(II) solution in 0.1 M NaCl at pH 2.5 as a sample
solution and the amount of all Schiff’s base doped mesoporous silica was varied from
0.05 to 0.20 g. The extracted values of Cu(Il) ions by different sorbents were plotted

as a function of amount of silica as displayed in Figure 4.30.
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3 | 4
of Cu(II) extraction. P £

#
e w‘ «.-d P

nesoporous silica on the amount

As seen from-Higure 4 0. similar tr otake was obtained from all

Schiff’s bases doped mies ne Of silica changed to higher

values, the amount of ( ) ex gnificantly increased. The maximum of

the Cu(Il) uptake was obﬁamed when the amount of sorbent was maximized (i.e. 0.20

gm“"“ase)ﬂuEJ’J 'VlEWﬁWEJ']ﬂ'ﬁ
445. P%K:lﬁﬂn(‘immzna% c@dﬂed in order to

compare the sorption properties of each Schiff’s base doped mesoporous silica. The

medium of Cu(II) solution used in this study was pH 2.5 with the presence of NaCl.
The concentration of Cu(II) was varied from 50 to 200 ppm. The obtained results of

Cu(II) extraction capacity of each materials were presented in Figure 4.31.
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Figure 4.31 The Cu(Il) extr, ch mesoporous silica as a function of

From Figurg

mesoporous silica seelﬂd to be ine € incr%ing of Cu(Il) concentration.

The maximum uptake of Cu(II) was obtained when the concentration of this metal

was equal or ﬁ %%J ’g %ﬁ%@w @4 ’]:(fx] ﬁsmpﬁon ability of the

doping ma’[erlal%;I it was found that e1he salen and saltn doped mesoporous silica had
better ﬁ %Ww 671“ a. In addition,
from tﬁqrelatﬂmemhe amounts of (i](i)}uptatkgl)afjir ﬁs?tf incorporated
Schiff’s bases as shown in Table 4.22, it could be concluded that the Cu(Il) extraction
capacity of Schiff’s base doped mesoporous silica was found to be in this sequence:
saltn > salen > salophen > haen doped mesoporous silica. The highest Cu(Il) uptake
of saltn doped mesoporous silica was probably based on the facility of this Schiff’s
bases to act as a tetradentate ligand and hence promoted the formation of saltn-metal

complex.
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Table 4.22 Ralation between the amounts of Cu(II) uptake and those of incorporated
Schiff’s bases.

Incorporatéd '
Cu(II) uptake Schiff’s bases : Cu(Il) uptake
Type of silica Schiff’s bases .
(umole) (mole ratio)
~ (pmole)
Salen doped 66.7 12.2 1:0.17
Saltn doped 353. 11.5 1:0.33
Salophen doped 46.6 6.30 1:0.14
Haen doped 51.2 1:0.10
4.4.6. Desorption
In order to dete ne_seusability of the esized mesoporous silica, the
desorption of metal adSorb ed rous silica was becoming an
interesting study. Accerdi s base doped mesoporous
silica is favorable fo (IIT). Also, the extraction
amounts of both metals t] etal ions studied. Therefore
the desorption of these twg sing nitric acid as a desorption agent
The reason for the choice o itrate ion was reported to be more
acceptable matrix for both flam al AAS experiments than chloride

-

0.05 and 0.1 M were ap;
which had extracted gl(ll sencﬂ)f NaNOsor NaCl. For the
Fe(Ill) desorption, the smc which had extrag ted Fe(IlI) from aqueous solution with

the presence oﬁ%ﬁf}w % w&](f}ﬁ‘ﬁ results for Cu(II) and

Fe(III) ions expfdssed in percentage -gwere dlsplayed in Figure 4. 32 and Figure 4.33,
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Figure 4.32 Effect of HNQ5 ¢ e*eﬁfhﬁ'ﬂe’] “on ‘the de
5 #
st extracted Cu(Il) at pH 2.5 in the

ety released from all doping
qual @more than 0.05 M. On the
contrary, when 0.01 M kINO3 was used, moderately desorption of Cu(Il) was

observed. COnﬁe%Eje’gf%ﬁWWﬂﬂ ﬂfﬁj desorption of Cu(Il),

similar results Were observed for bgth medmms used. It was thus implied that the

oy Ity ‘F’im Ej
ar the Fe( desorptlon e results were shown in Figure 4.33. As seen from

this figure, the Fe(IlI) desorption was completely achieved when 0.1 M HNO; was

-

materials when the coaeﬁtr

applied. This result suggested that the desorption of Fe(III) required more violent
condition than that of Cu(Il). For the effect of adsorption medium on the
desorption of Fe(IIl), different desorption results were observed between both
mediums when the concentration of nitric acid was less than 0.1 M. The percentage of
Fe(Ill) desorption from Schiff’s base doped mesoporous silica which had extracted

these metal ions from aqueous solution with the presence of NaNO; was less than that
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from aqueous solution. This phenomenon indicated the effect of adsorption medium

on the Fe(Ill) desorption efficiency, especially when the low concentration of

desorpting agent was used.
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Figure 4.33 Effect of HNO; concen of Fe(lll) ion from each
of Schiff’s base doned mesoporous silica which had ex{racted Fe(IIl) from aqueous

s U AN ENTHYNS

From p?élvi'ous sections, ameng several getal ions studd'?'d, only Cu(Il) and
reafop eGP TV NR AR RS e oo comed
mesopor%us silica. Therefore, these metal ions were selected for the study of A
materials® selectivity to extraction. The results of metal extracted values expressed in

mol/kg from three replicate experiments were exhibited in Table 4.23.
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Table 4.23 The amounts of Cu(Il) and Fe(Ill) extracted from binary mixture by

different kinds of mesoporous silica.

' Metal uptake (mol/kg)
Type of mesoporous silica
Cu(Il) Fe(I1I)

Non-doped 0 0
Salen doped 0 0.1823 +0.0006
Saltn doped 0 0.1988 +0.0025

Salophen doped 0.0204 +0.0010 0.1985+0.0011
Haen doped 0.1732 +0.0080

on-doped mesoporous silica did

not extract any Cu(II) and hes x in accordance with the
aforementioned extractionsstudics.; erin; 1 s base doped mesoporous

silica, the difference in thedCugl) and e (IH) extraction behavior clearly demonstrated
ous silica to Fe(III) extraction.

he extraction of Fe(IIl) will be of

the strong selectivity « mesopo
The great selectivity of
ary mixture containing Cu(II) but

also from sample containing'othermefal i0 ithout significant interference.
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