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ABSTRACT
DEVELOPMENT OF AMINO BASED COLUMNS FOR AFFINITY

CHROMATOGRAPHY

by Geeta Shetty

Amorphous silica is commonly used as an HPLC support material due to its
mechanical strength and high surface area. The chemistry of silica is dictated by the
residual silanol groups present on the surface making it very hydrophilic. In this study
the silica surface is modified using a silanization/hydrosilation technique. Two organic
groups 3-amino-3-methyl-1-butyne and 4-diethylamino-2-butyn-1-ol, were selected as
the bonded moiety. In a subsequent step trypsin was bonded to 3-amino-3-methyl-1-
butyne for affinity chromatography. The specificity of the trypsin bonded column was
tested by retaining trypsin inhibitor. All the bonded phases were characterized using
elemental analysis and spectroscopic techniques. The Neue test was done for initial
chromatographic evaluation of the bonded phases followed by analysis of sugars and

other polar compounds.
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I Introduction

A. Background

Chromatography, which is one of the most popular separation techniques, was
first discovered by the Russian scientist Michael Tswett in the year 1906 [1]. Since then
there have been some major advances in the field of column chromatography in order to
improve the sensitivity and the reproducibility of the technique. The basic principle of
chromatography lies in the distribution of the desired components in two different phases,
the stationary phase and the mobile phase. Components that have a stronger affinity
towards the stationary phase are retained by the column for a longer period of time and
the components that have a stronger affinity for the mobile phase are eluted much faster
[2].

Depending on the type of the mobile phase, chromatographic methods are further
classified as liquid chromatography or gas chromatography. In liquid chromatography
the mobile phase is a liquid and in gas chromatography the mobile phase 1s a gas. The
stationary phase in both liquid and gas chromatography can either be a solid or a liquid
on a solid adsorbent. One of the shortcomings of gas chromatography is the inability to
use non-volatile and tonic samples, which does not pose any problem when these samples
are used in liquid chromatography. In the early stages of liquid chromatography the flow
of mobile phase was limited, leading to poor efficiency and resolution of the compounds.
This problem was resolved by introducing high pressure liquid chromatography (HPLC)
[2]. With the feasibility of running samples at pressures of up to 6000 psi, HPLC quickly

gained momentum. As the nature of the stationary phases used in chromatography



strongly affected the efficiency of the technique, researchers concentrated on developing
new stationary phases coupled with optimizing the mobile phase conditions [3]. The
modes of separation in HPLC are broadly classified into normal-phase and reversed-
phase depending on the relative polarities of the mobile phase and the stationary phase.
In normal-phase, relatively polar materials like amino, cyano and diol bonded silica are
used as the stationary phase, hence allowing polar compounds to be retained longer on
these columns. In reversed-phase, polar compounds are eluted much faster due to the
polar nature of the mobile phase. Alkyl-bonded silica stationary phases are the most
popular among the reversed-phase columns [4]. In reversed-phase chromatographic
separations the mobile phase conditions can be optimized by addition of organic
modifiers in order to achieve good separations of nonpolar compounds. However, these

aqueous mobile phases can sometimes damage the alkyl bonded stationary phase [5].

B. Aqueous Normal Phase Chromatography

In normal phase chromatography the mobile phase consists of low to medium
polar solvents such as hexane, isopropanol, ethyl acetate, chloroform, heptane or a
combination of these solvents. The retention of solutes increases as the amount of non
polar solvent increases. In reverse phase chromatography the mobile phase consists of a
mixture of water and a polar organic solvent like methanol, acetonitrile or THF. In
normal phase an adsorptive mechanism is used to separate polar compounds based on the
differences in their relative polarities. The aqueous normal phase (ANP) method uses a

silica hydride based stationary phase with an organic group bonded to the silica hydride



surface [6]. The unique feature of ANP is that the mobile phase is both non-polar and
aqueous; this is done by combining small amounts of water with an organic solvent [7].
In ANP chromatography polar compounds are retained strongly by increasing the amount
of organic solvent in the mobile phase. One can also alter the elution order by modifying
the amount of water used in the mobile phase. As the amount of water increases in the
mobile phase, the polar compounds are eluted faster [8]. Hence an ANP stationary phase
is able to work in both reverse phase and normal phase by varying the amount of water in
the mobile phase. The ability of ANP chromatography to retain both polar and non polar
compounds over a range of mobile phase compositions distinguishes it from the
traditional hydrophilic interaction chromatography (HILIC) technique, which is mainly

used to separate polar compounds [9].

C. High Performance Affinity Chromatography

As the name suggests, high performance affinity chromatography (HPAC) relies
on the basic principle of HPLC and the interaction of biological molecules to its
substrates. In this technique a specific binding agent is used for the separation of the
desired target analyte. Due to the highly specific nature of the stationary phase it
becomes easier to purify a specific analyte from a complex mixture without interference
from other sample components [10]. An immobilized agent, known as the “affinity
ligand™ is covalently attached to the stationary phase. The affinity ligand can be one of
the two interacting pairs and the target molecule is analyzed by injection onto the column

using traditional HPL.C methods. However as the separation process is highly specific it



becomes important to mimic the natural environment of the affinity ligand and the
binding molecule. The general schematic diagram showing the affinity chromatographic
process step by step is illustrated in Figure 1 [11]. The mobile phase used for the
injection of the target analyte is called the “application buffer”. The binding between the
target analyte and the affinity ligand is reversible and usually occurs due to electrostatic
forces or hydrogen bonding. Once the target analyte is bound to the stationary phase
matrix it can then be eluted by using an “elution buffer” [12]. After the target analyte has
been eluted, the original buffer can be used to regenerate the column for subsequent

analysis.
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Figure 1: Steps involved in affinity chromatography [reproduced with permission

from 11].



In the early stages of development of affinity chromatography, agarose and
cellulose were the most commonly used base support material. However agarose 1s not
able to provide good mass transfer properties and cellulose is prone to degradation. Also
both agarose and cellulose has poor mechanical stability. Silica as a supporting matrix
was able to overcome these problems but could not be used directly due to its strong non
specific binding with biological molecules. This problem was resolved by modifying the

silica surface with an organic group followed by attaching the desired affinity ligand [13].

D. Common Packing Material

An ideal packing material used for the stationary phase should be inert,
mechanically strong and have high surface area. Silica is the most commonly used base
support material due to its physical properties and the number of practical applications
developed. Other inert materials used are alumina and zirconia. Some of the sought-after
properties of silica include good mechanical strength, high efficiency and high internal
surface area which favor strong interaction with the analyte molecule. Also, silica is
available in a variety of pore sizes and shapes, making them desirable for a multitude of
industrial and research applications [14]. The chemical formulation of amorphous silica
is expressed as Si0; x H,0. It contains a three dimensional framework of silicon atoms
joined together with oxygen atoms by siloxane bonds (Si-O-Si) and residual silanol
groups (Si-OH). These silanol groups are highly polar and acidic in nature. The silanol
groups on the silica surface can either be isolated (free silanols), vicinal or geminal as

shown in Figure 2. The isolated silanol has a single bond with the silicon atom and the



silicon atom is connected by three bonds to the bulk matrix. In case of vicinal or bridged
silanols two silanols are connected to two different silicon atoms by a hydrogen bond.

The geminal silanol has two OH groups bonded to one silicon atom [15].

Isolated Silanol Vicinal Silanol Geminal Silanol

Figure 2: Types of silanol groups on the silica surface [15].

When analyzing polar compounds like proteins these silanol groups present on the
silica surface can cause irreversible adsorption of the analyte through hydrogen bonding
and dipole-dipole interactions. This causes a lack of precision in the chromatographic
technique and peak tailing. Similar problems can also occur with basic compounds, as
the silanol groups show an electrostatic interaction with basic solutes leading to poor
resolution and poor efficiency. A packing material consisting of silica can be used under
both aqueous and non aqueous chromatographic conditions. However due to the
hydroscopic nature of the silica support it can strongly retain water. Over time the use of
a highly polar solvent like water can decrease the specific surface area of the silica
support. Also silica can only be used in the pH range of 2-8, as the pH of the mobile

becomes highly acidic (below pH 2) the bonded group can undergo hydrolysis. At a very



basic pH (above pH 9) the silica may dissolve forming silicates. When a binary mobile
phase such as water and some organic solvent are used for the analysis, water has the
tendency to get adsorbed by organic solvents to a varying degree, depending on the
conditions and the solvents used. The stationary phase then absorbs the water from the
mobile phase as a result of the silanol groups. This in turn causes the retention time of
the analytes to vary, hence making it difficult to precisely determine the sample elution

time [16].

E. Modifying the Silica Surface

(i) Common Methods: In order to overcome all the problems associated with surface
silanols in amorphous silica researchers have focused into developing techniques to
modify the surface by attaching an organic group. These silanol groups serve as a
medium to attach the desired organic group [17]. One method used to modify the surface
is called an “esterification process”. In this procedure an alcohol is reacted with the
silanol to produce a silica-oxygen-carbon (Si-O-C) linkage between the silica surface and
the organic group as shown in Reaction 1. This technique leads to poor hydrolytic

stability and hence cannot be used in many chromatographic applications [18].

{8i—~ OH + R~ OH — Si ~ OR + H,0 (1)

Another technique used to modify the silica surface is called organosilanization.

In this method as shown in Reaction 2, a dimethylalkyl silane (X-SiR’;R) is used as an



organosilanization reagent to form a monomeric bonded phase. The dimethylalkyl silane
results in a single point of attachment between the silica surface and the bonded organic
group, where X symbolizes a halide group, R’ is methyl and R is an organic group that
provides the desired property to the bonded phase [19]. This type of reaction creates a
silicon-oxygen-silicon-carbon (Si-O-Si-C) linkage between the bonded phase and the

silica surface, hence providing both thermodynamic and hydrolytic stability.
#Si—-OH+X-SiR;R — #Si—- 0O -SiR»R+HX  (2)

Organosilanization reactions can also be used to form polymeric bonded phases.
In polymeric bonded phases trifunctional silanes are used to react with both the surface
silanols and the adjacent silane groups as shown in Reaction 3, where Y = Si or H.
However if all the adjacent groups do not crosslink as expected, some of the oxygens will
end up having hydrogen attached to it instead of silicon atoms. This could pose a bigger
problem as basic compounds, including most pharmaceuticals, when analyzed could lead

to irreversible adsorption with the residual silanols on the silica surface [19].
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Another approach to forming a monomeric bonded phase is also mentioned in the
literature. This method involves a two-step reaction scheme and creates a single point of
attachment between silicon and carbon. The first step involves using thionyl chloride in
the presence of toluene and produces a silica-halide intermediate as shown in Reaction 4.
The second step utilizes either a Grignard reagent or an organolithium reagent to attach
the desired organic group as shown in Reactions 4a and 4b. The chances of residual
silanol groups are minimal in this type of reaction. However due to the hydrolytic
instability of the chlorinated intermediate and the possibility of surface contamination

resulting from metal salt by-products, this technique is less favored [19].

Si— OH + SOCl, — Si — C1+ SO, +HCl  (4)
Si—Cl+BrMgR — Si— R+MgCIBr  (4a)

Si—Cl+Li—R — Si— R+ LiCl (4b)

(ii) Silanization/Hydrosilation: A novel technique developed by Pesek, et al. is able to
resolve the concerns associated with the silica surface modification techniques mentioned
above. It is a two step process, where the first step involves the preparation of a silica
hydride intermediate and the second step involves the attachment of the desired organic
group. In the first step, the silanization reaction, the silanol group (Si-OH) is converted
into silica hydride (Si-H) under optimized reaction conditions as shown in Reaction 5a,
where Y = Si or H. The goal of this reaction is to replace most of the silanol groups with

silica hydride in the presence of triethoxysilane, water, an acid catalyst and a suitable



solvent. Unlike the halide intermediate created in the organometallic reaction, the silica

hydride species is hydrolytically stable {20].

| |
o o) oY
| ]

—Si- OH + (OEf) $i-H——> —8i- O-Si-H+3EOH  (Sa)

o cl) oY
I

In the second step of this reaction a terminal olefin is attached to the silica hydride
surface through a hydrosilation reaction. Although terminal olefins are the most
commonly used for attachment to the hydride surface, other compounds such as alkynes,
nitriles and cyanos can also be bonded in the presence of transition metal complexes.
Hexachloroplatinic acid in 2-propanol, also known as Speier’s catalyst, is used in this
study as the transition metal catalyst as illustrated in Reaction Sb. Other organic and
inorganic complexes of rhodium, palladium, ruthenium and nickel can also be used as a

catalyst for the hydrosilation reaction [21].

| |
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| Catalvst
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During the addition of the organic group in the hydrosilation reaction the Speier’s
catalyst present in the reaction mixture can form intermediate species with the organic
group. This could reduce the product yield, ultimately reducing the effectiveness of the
procedure. Also, deposition of platinum metal on the hydride surface could occur during
the reaction between Speier’s catalyst and silica hydride [22]. Tert-butyl peroxide and
Azobisisobutyronitrile (AIBN) are free radical catalysts that can be used as an alternative
to Speier’s catalyst [23]. In this study two amino compounds, 4-diethylamino-2-butyn-1-
ol and 3-amino-3-methyl-1-butyne are bonded to a silica hydride surface during the
hydrosilation procedure. The 4-diethylamino-2-butyn-1-ol bonded phase was
synthesized using both platinum and free radical catalysts. The platinum catalyst has a
tendency to coordinate with the free amino group of 3-amino-3-methyl-1-butyne; hence
only a free radical catalyst was used for the bonded phase synthesis of this compound
[24]. The NMR studies of this research indicated two possible hydrosilation structures

for both the amino compounds as illustrated in Reaction 6.

O o
' ' %
_Si_H I
—Si H ] e ‘
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| 96-100 Ias | / g-ic«_ '
—Si-H —Si H »I i l
O o H
| |
Stucture A Structure B

11



F. Research Goals

This research involved a two-part study of chromatographic columns. In the first
phase of this study we concentrated on developing HPLC columns and the second phase
was wholly devoted to understanding the separation characteristics of the developed
columns. Silica was chosen as the base material for the stationary phase of the columns
under study. In order to create a stationary phase that caters to wide range of
pharmaceutical applications, the silica surface was fabricated by the silanization method
as described above. This step involved the conversion of surface silanols into silica
hydride. To confirm the presence of the newly synthesized hydride surface, silica
hydride was analyzed using FTIR. In the second step, a hydrosilation reaction was
carried out to attach an organic compound to the hydride surface. Two amino
compounds with alkyne groups were selected as the bonded moieties. In the
hydrosilation reaction 4-diethylamino-2-butyn-1-ol and 3-amino-3-methyl-1-butyne were
attached to the silica hydride surface, where the alkyne group served as the point of
attachment between the hydride surface and the amino group. At this point we were
focused into investigating two aspects; whether the organic group was attached to the
silica hydride surface and if so, what was the percentage of surface coverage.

To determine the presence of the organic group on the hydride surface,
spectroscopic studies such as NMR and FTIR are carried out. The surface coverage is
determined by quantitative elemental analysis of carbon. In order to get the maximum
surface coverage of the bonded phase, an initial synthesis is carried out in small batches

to determine optimized conditions followed by big batch synthesis. Once both the amino

12



bonded phases were synthesized, a portion of the 3-amino-3-methyl-1-butyne bonded
phase was used to create an affinity column. This column was synthesized by first
activating the 3-amino-3-methyl-1-butyne with carbonyldiimadazole followed by
attachment of trypsin using a suitable buffer. Once the packing material for all the
columns was synthesized, they were chromatographically evaluated using different
groups of compounds. The final four columns used for chromatography studies were as
follows: 4-amino-4-methyl-1-butyne bonded phase using platinum catalyst, 4-amino-4-
methyl-1-butyne bonded phase using free radical catalyst, 3-amino-3-methyl-1-butyne
bonded phase using free radical catalyst and 3-amino-3-methyl-1-butyne bonded phase +
trypsin (affinity column).

For the initial chromatographic characterization method the Neue test was done
on all four columns [25]. Next, the amino based columns and the protein column were
used to analyze a set of sugar samples. Further evaluation of all four columns was done
by analyzing metformin and a few tricyclic antidepressants. All the samples were
analyzed under aqueous normal phase conditions. The last part of the research involved
determining the affinity aspect of the protein column (3-amino-3-methyl-1-butyne

bonded phase + trypsin) using trypsin inhibitor.
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A. Materials:

II Experimental

(i) Compounds used for synthesis: Astrosil™ silica, which had a 4.2 pm average

particle size, was used in the synthesis of all the stationary phases. Astrosil™ silica with

a specific surface area of 340 m*/g was purchased from Stellar Phases (Langhorne, PA).

All the other compounds used in the synthesis of bonded phases are shown in Table 1.

Table 1. Compounds used in the synthesis of stationary phases.

Compound Name CAS Number Manufacturing Company

Triethoxysilane 78-07-9 Sigma-Aldrich.

Dioxane 123-91-1 Fisher Chemicals

Toluene 108-88-3 Fisher Chemicals
3-amino-3-methyl-1-butyne 2978-58-7 GFS Chemicals
4-diethylamino-2-butyn-1-ol 10575-25-4 Sigma-Aldrich
Diethyl ether 60-29-7 Sigma-Aldrich
Hexachloro platinic acid 16941-12-1 Sigma-Aldrich
t-butyl peroxide 110-05-04 Sigma-Aldrich
1,1’-Carbonyldiimidazole 530-62-1 Sigma-Aldrich
Trypsin 9002-07-7 Sigma-Aldrich
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(ii) Solvents and buffers used as mobile phases: The chromatographic evaluation of
stationary phases was done using organic solvents, water and buffers as mobile phases.
For the Neue test 35% 20mM K,HPO,4 / KH,PO4 buffer at pH 7 and 65% methanol were
used. The sugar analysis was done using different ratios of acetonitrile and water.
Metformin and tricyclic compounds were analyzed using different ratios of 20mM
K;HPO, / KH;PO4 buffer at pH 7 and methanol. Finally, to determine the affinity aspect
of the protein column 0.01 M phosphate buffer at pH 7 was used as the application buffer
and acetic acid at pH 2.8 was used as the elution buffer. The CAS number and

manufacturer of the solvents and buffers used are shown in Table 2.

Table 2: Compounds used in the mobile phases.

Compound Name CAS Number Manufacturing Company
K,HPO, 7758-11-4 Fisher Chemicals
KH,;PO4 7778-77-0 J.T. Baker Chemical
Methanol 67-56-1 Fisher Chemicals

Acetonitrile 75-05-8 Fisher Chemicals
NaH,PO, 10049-21-5 Fisher Chemicals
Acetic acid 64-19-7 J.T. Baker Chemical

15



(iii) Samples analyzed in the study: Tables 3, 4, 5 and 6 show a list of all the

compounds analyzed in this research.

Table 3: List of samples used for Neue test.

Compound Name CAS Number Manufacturing Company

Uracil 66-22-8 Matheson Coleman & Bell
Naphthalene 01-20-3 Sigma-Aldrich
Acenaphthene 83-32-9 Sigma-Aldrich
Amitriptyline 549-18-8 Sigma-Aldrich

Table 4: List of sugars used for chromatographic analysis.

Compound Name CAS Number Manufacturing Company
Glucose 50-99-7 Sigma-Aldrich
Sucrose 57-50-01 J.T. Baker Chemical
Fructose 57-48-7 Mallinckrodt
Lactose 63-42-3 Pfanstiehl Laboratories
Xylose 58-86-6 J.T. Baker Chemical Co.
Maltose 69-79-4 Fisher Scientific

Raffinose 512-69-6 Fisher Scientific
Melezitose 597-12-6 Sigma-Aldrich
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Table 5: List of pharmaceutical drugs used in this study.

Compound Name CAS Number Manufacturer
Metformin N/A Donated to SJISU
Desipramine 58-28-6 Sigma-Aldrich
Amitriptyline 549-18-8 Sigma-Aldrich
Doxepin 1229-29-4 Sigma-Aldrich
Clomipramine 17321-77-6 Sigma-Aldrich
Imipramine 113-52-0 Sigma-Aldrich
Nortriptyline 894-71-3 Sigma-Aldrich

Table 6: Protein used in the study of affinity chromatography

Compound Name CAS Number Manufacturer
Trypsin inhibitor 9035-81-8 Sigma-Aldrich
B. Structures:

(i) Amino compounds used in the bonded phase synthesis:

NH,

H,C—C

CH,

3-amine-3-methyl-1-buyme

C =—CH

C,H,

7

C2H¢

N—CH;

C=—=C—CHj>

4-diethylamine-2-butyn-1-ol
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(i) Structures of the compounds used in Neue test:

Acenaphthene Naphthalene
| NH
/& -~ C H 2
N0 N
H CHs
Uracil Amitviptyline

(iii) Structures of sugars used in chromatographic evaluation:

HO HO OH o HO OH
HO OH
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HO OH
Glucose Fructose
HO
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Ho-—\ Q
HO  OHO
Maltose Lactose Sucrose
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(iv) Structures of pharmaceutical drugs used in chromatographic evaluation:

H
NH NH < HCI N.
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N I\;I ==
Ho CH, \ 2 «HCl
Metformin _ Nortriptyline
@ D
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« HCI H
Doxepin Desipramine
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« HCI CHs CH;
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C. Methods:

(i) Synthesis of silica hydride: In the first step, 15 g of Astrosil silica was weighed out
and dried overnight in a vacuum oven at 100 °C. This dried silica was used as the base
material for the silanization reaction. Prior to the synthesis, all the necessary glassware
was washed and stored in the oven. In the experimental setup, 15 g of dried silica was
placed in a 500 ml 3-necked round bottom flask equipped with a condenser and was set
on a heating mantle. The heating mantle was connected to a transformer and was placed
on a magnetic stirrer. In order to monitor the reaction temperature and stir the reaction
mixture a thermometer and a magnetic stirrer are placed in the round bottom flask. After
adding the silica, 600 ml of dioxane and 7.29 mL of 2.3 M HCI solution were added to
the round bottom flask. This mixture of silica, dioxane and HCI catalyst was heated to 70
°C. Once the reaction temperature was stabilized at 70 °C, 90.15 mL of dioxane and
20.85 mL of triethoxysilane was added to the reaction mixture using an addition funnel.
In order to avoid direct addition of TES solution to the reaction mixture, the TES/dioxane
mixtﬁre was added drop-wise with constant stirring in the presence of argon gas. After
the addition of all the TES/dioxane mixture, the temperature was raised to 90 °C. The
reaction was complete when the entire reaction mixture was heated at 90 °C for 90
minutes. The silica hydride formed was then cooled and filtered using vacuum suction.
The silica hydride was washed three times each with dioxane, toluene and diethyl ether.
The final product was kept overnight at room temperature to evaporate the ether,
followed by drying the silica hydride at 110 °C in a vacuum oven for 24 hours [20]. The

newly synthesized silica hydride surface was characterized using FTIR.
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(ii) Synthesis of 4-diethylamino-2-butyn-1-ol bonded phase using free radical
catalyst: After the silanization reaction described above, part of the silica hydride was
used in the synthesis of bonded phases, via a hydrosilation reaction. The experimental
setup for the hydrosilation reaction was similar to the silanization reaction described in
the earlier section. It should be noted that the bonded phase was the actual stationary
phase packing material and not the silica hydride. Hence it was necessary to optimize the
hydrosilation reaction to get the best surface coverage of the bonded phase on the silica
hydride surface. In the optimization step only 0.5 g of silica hydride was used to bond 4-
diethylamino-2-butyn-1-0l. The characterization of this bonded phase is discussed later
and will be henceforth referred as small batch synthests.

For the final stationary phase (big batch synthesis) 3 g of silica was used as the
base material. In this reaction 4.5 ml of 4-diethylamino-2-butyn-1-ol, 60 ml of toluene
and 240 pL t-butyl peroxide were placed in a round bottom flask. The reaction mixture
was heated at a constant temperature of 70 °C +/- 2 °C for approximately one hour
followed by slow addition of 3 g of silica hydride through the third neck of the flask with
constant stirring. Then the flask was flushed with nitrogen keeping all the joints properly
sealed. After stabilizing the reaction at 70 °C the temperature was raised to 100 °C +/-
2 °C and the mixture was heated for 100 hrs. The bonded phase formed was then cooled
and filtered using vacuum suction. The bonded phase was washed two times with
toluene, followed by diethyl ether. The final product was kept overnight at room
temperature to evaporate the ether and then dried overnight at 110 °C in a vacuum oven

[24].
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(iii) Synthesis of 4-diethylamino-2-butyn-1-ol bonded phase using Speier’s catalyst:
The experimental setup for the bonded phase synthesis of 4-diethylamino-2-butyn-1-ol is
similar to the silanization reaction. In this hydrosilation reaction, the reaction conditions
were optimized by initially creating a small amount of bonded phase followed by big
batch synthesis. 0.5 g of silica hydride was used in the small batch synthesis and the
characterization results of this bonded phase are discussed later.

For the big batch synthesis, 3 ml of 4-diethylamino-2-butyn-1-o0l, 40.02 ml of
toluene and 0.78 ml of 10 mM hexachloroplatinic acid in 2-propanol was heated in a
3-necked round bottom flask. The reaction mixture was heated at 70 °C +/- 2 °C for one
hour while being stirred. Then the flask was flushed with nitrogen keeping all the joints
properly sealed. Once the temperature of the reaction mixture was stabilized and a clear
solution obtained, 3 g of silica hydride was added slowly to the third neck of the flask
with constant stirring. The reaction temperature was then increased to 100 °C +/- 2 °C
and reaction was continued at this higher temperature for 100 hrs keeping all the joints
sealed. After completion of the reaction, the flask was cooled to room temperature. The
newly formed bonded phase was then vacuum filtered and washed three times with
toluene and diethyl ether. The final product was kept overnight at room temperature to
evaporate the ether and then dried overnight at 110 °C in a vacuum oven [24]. The 4-
diethylamino-2-butyn-1-ol bonded phase was later characterized using elemental
analysis, FTIR and NMR. The characterization results of these