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Inclusion compound of deoxycholic acid (DCA) host molecule and vinyl cWoride

monomer (VCM) guest molecule is prepared from solvent free DCA crystal via guest

insertion technique. Solvent free DCA inclusion compound is achieved from a series

of DCA-solvent guest, i.e., ethylacetate, dioxane, 0- and p-xylene. X-ray diffraction,

Ff-IR and thermal analysis results indicate that vinyl cW~ride monomer is entrapped

and stabilized in DCA crystal in solvent free DCA. Guest releasing peak of DCA

VCM is confirmed at ca. 40-60 dc. Inclusion polymerization is accomplished from

the y-radiation for total dose 20 KGy, followed by post polymerization at -15°C for

two days. The obtained product is confirmed to be polyvinyl cWoride by structural

analysis. Glass transition temperature of the obtained product is 8-10 °C higher than

the commercial one, while characteristic peaks at 1500-1100 cm,lstudied by Ff-IR

show the sharp peaks of which imply that the obtained PVC contains stereoregularity

portion in the polymer chain.
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CHAPTER 1

Introduction

1. The Concept of Host-Guest, or Inclusion Compound

Inclusion compound is known as the molecular assembly of which can be formed

either by the rnacrocyclic of host molecules, e.g. calixarenes, crown ether, or

cyclodextrin or the gathering of groups of molecules, e.g. urea, steroid. As a result,

host molecules supply the concave framework for guest molecules. Host and guest

molecules, thus, incorporate to each other by second¥y valence forces or physical

entrapment owing to the specific structure of the framework fitting to the guest

molecules! .

• ()
Host Molecule

) 0..•·•......·.·.·
~

Guest Molecule Host-Guest Compound

•

Figure 1. Concept of inclusion compound and host-guest formation.

Inclusion compound has received much attention to open up a wide range of

applications, such as stabilization for unstable species, separation for chemical

isomers or metal ions, co-catalyst for phase-transfer systems.

One of the most interesting applications in the viewpoint of polymer synthesis is the

inclusion polymerization. Here, the host molecule forms as a molecular assembly and

includes monomer molecule as a guest. Through supramolecular structure of the host,

the entrapped guest monomer is forced to align in an order and the monomer guest

molecules lost their degree of freedom in rotation or movement contrary to the case of

monomer in conventional solution. Miyata et al. 2 proposed that the space provided to

the monomer for the inclusion polymerization is 10-8 order smaller than the normal

polymerization in solution as shown in schematic draw (Figure 2).
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Figure 2. Relationship between container (host) and content (guest).

Thus, inclusion polymerization can be claimed as a space":dependent reaction, which

can contribute the stereoregularity polymer corresponding to the low-dimensionality

spaces provided from the host molecular assembly3 (Figure 3) .

~ Fonnation

GY :r:r=)
(a)

1Polymerization

(b)

Figure 3. (a) Formation of host-monomer inclusion compound, and (b)

polymerization of monomer in low dimensional space controlled by host

structure.
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2. Historical and Development

Inclusion phenomenon was fIrstly reported by W. Schlenk in 1940. The concept of

inclusion polymerization was then proven when Clasen4 (1956) applied urea and

thiourea as a host molecule for butadiene monomer and proceeded the polymerization

in room temperature for the nine months of a long period time. Brown and White5

adopted ')'-rays for the polymerization to fInd the stereoregularity polymer in a good

yield in 1960. Meanwhile, C.J. Pedersen reported the alkaline and alkaline earth

metal interaction with crown ether of which can be proven by the analytical

techniques. Hydrotriphenylene was also recognized as a host compound for diene

polymerization by Farina et al.6 in 1964.

However, the inclusion phenomenon was not as much recognized until in the year

1987, when D.l Cram, lM. Lehn and C.l Pedersen were awarded the Nobel Prize

for their carriers and scientific fundamental researches to establish inclusion

chemistry. With the development of the analytical instruments, understanding of

inclusion chemistry is grown up rapidly and has received very much attention to

concern as a molecular assembly or supramolecular chemistry to be an extended area

in polymer science. In 1990, Miyata et al. reported the [lIst case of guest responsive

system as found in cholic acid host molecular assembly and solvent guests by single

crystal X-ray analysis7
.

Inclusion polymerization is known as a strategy toward low-dimensionality

architectures by controlling the space for monomer in the polymerization. Urea and

thiourea are one of the interesting compound to form host-guest compound and

provide the inclusion polymerization as seen 10 the case of acrylonitrile8
, l,3

butadiene9
, aclolein lO

. Steroids (Figure 4), such as cholic acid, deoxycholic acid, and

other derivatives are also known as hosts for inclusion polymerization.

Tsutsumi et al. showed that l-chlorobutadiene which has bulky group of chlorine

atom can be polymerized successfully to obtain the high regularity polymer by using

the canal of deoxycholic acid (DCA) 11. In 1993, methyl cholate is reported to be

one-dimensional inclusion polymerization for diene and vinyl monomers l2
.
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• R 1 =H, R2 =COOH: deoxycholic acid

R2 R 1 = OH, R2 = COOH; cholic acid

R 1 =OH, R2 =COOCH3; methyl cholate

•

•

Figure 4. Cholic acid steroid compounds and its derivatives.

At the moment, though inclusion polymerization process has been established, the

composition of monomer and host in the canal or channel, the relationship between

the monomer radicals and polymerization, including the mobility change of monomer

and the development to control the molecular weight, are still not clarified. Miyata et

al. focused on the molecular structure of host-guest compound in the series of cholic

derivatives and proposed that the understanding of molecular structure help the

molecular design for inclusion polymerization.

3. General Processes ofInclusion Polymerization

Inclusion polymerization consists of three steps (Figure 5), which are;

3.1 Inclusion compound formation between host and monomer molecules

3.2 Polymerization and post polymerization of inclusion compound

3.3 Reprecipitation or seperation of the polymer

The formation of the inclusion compound from the monomer and the host can be

proceeded by recrystallization the host and the guest molecules. In some cases, it is

also possible to form host-guest molecules by the absorption technique, i.e.,

immersing host molecules in the guest solution. However, it is important that the

technique require the guest molecules as a liquid. Structural analysis of the inclusion

compound can be done by Fourier transform infrared spectroscopy (FTIR) or nuclear

magnetic resonance (1H-NMR). Depending on the type of the hosts and guest
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.. molecules, inclusion compound forms in various ratios of host to guest, such as; 1: l,

2: 1, 3: 1, or 1:2, 1:3 etc., which can be quantitative by thermogravimetry analysis.

Host molecule

a V)
®""'i"'~®""©
.. ..

.... .

....

Monomer

0'1" W",.... . ...

' '0 '

Resulting polymer

(a) Formation
~

(c) Separation

...

(P®OO®).... .....= ..u

Inclusion compound

1(b) Polymerization

Host-polymer adduct

•

.f

Figure 5. Steps for inclusion polymerization, (a) formation, (b)

polymerization, and (c) separation.

The polymerization process can be achieved by various mechanisms, such as thermal

polymerization, radiation polymerization, etc. In either case, radical polymerization is

expected to generate among the monomers inside the host cavity with or without the

initiator. The most efficient way to proceed the reaction is the irradiation by y-ray.

The generation of radical species to form stereoregularity polymer can be observed by

electron spin resonance (ESR) in which each of the radical can be evaluated for the

result of polymerization. Practically, after irradiation, radical polymerization is

allowed proceeding in low temperature for a long period time, e.g. 2-5 days. In this

step, radical species will attack other monomers in the host channel gradually.

The final process is the separation of the resulting polymer from the host. In this step,

the product from the polymerization step can be obtained by reprecipitation in organic

solvent to exclude the host. The main purpose of the inclusion polymerization is to

obtain a stereoregularity polymer, thus, various approaches are applied in order to

study the structure of polymer such as, 13C-NMR, 1H-NMR, FTIR, differential

scanning calorimeter (DSC).
H"CflltltflllH If01UultlotJ1nu

.mam,tai'lJ)111YlOli5'fl
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4. Advanced Polymer and Inclusion Polymerization

Polymeric material can be concerned as a product from petrochemical raw material.

Up to now, polymeric materi~l has reached its goal for various applications as can be

seen in the case of plastic, fiber, coating reagent, rubber, etc. Concerning with

specific application of which required significant properties of material, such as;

selectivity for separation purposes, photoresponsive and conductivity for liquid crystal

appication, controlled release for drug delivery systems, biocompatibility for medical

use, biodegradability for environmental friendly prod~cts, etc., conventional

polymeric material shows the limit to apply as an advanced material.

There are many approaches proposed in order to develop conventional polymer to be

an advanced polymeric material with the required properties suitable for each

application. Addition of a specific functional group onto polymer chain is one of the

approaches to achieve the advanced polymer as a functional polymer which can

induce the unique properties for various applications. Utilization of biopolymer or

natural abundant polymer is also concerned as a useful way to obtain

biocompatibility, biodegradability polymer material. Combining the chemistry of

functional polymer to a biosystem of natural polymer leads to a new area of research,

so called a biomimetic polymer material.

Recently, with the development of instrumentation, the understanding of polymeric

material has been revised to the fundamental theory of polymer chain and the

movement of the molecules. Thus, it can be expected that with a control on the unit

of polymer structure in molecular level, even conventional polymer' will exhibit

unique property induced by the structure. At present, there be many interesting

approaches to prepare controlled structure polymer as seen in the case of enzyme

catalyst polymer synthesis13
, biomimetic polymer synthesis 14 and inclusion

polymerization15
.

The present work, thus, focuses on the synthesis of controlled structure polymeric

material via inclusion polymerization process. Here, it should be expected that



•

•

7

conventional polymer will show some umque properties owing to the high

stereoregularity of polymer chain.

5. Deoxycholic Acid as a Host Compound

Naturally occurring steroid compounds (Figure 4), such as deoxycholic acid (DCA),

cholic acid, and methyl cholate, are reported to form specific channel-type inclusion

compounds with a variety of organic substances l6 for nearly three decades. Specific

properties of cholic acid and its derivatives including deoxycholic acid can be

mentioned as its high crystallinity by assembly each molecule and provide a channel

for other molecules (as shown in the schematic representation, Figure 3).

DCA can be recrystallized to obtain as a crystal by most of organIc solvents,

especially polar solvent. However, only some particular organic solvent that DCA

will form good crystal structure. Up to now, it is reported that DCA can form

inclusion compound will obtain good crystal with xylene, dioxane, etc.

Though it is known that DCA can form inclusion compound, only few studies are

performed on DCA and its crystal structure. Application of DCA for inclusion

polymerization was constructed in the year of 1975 17
. From crystal structure analysis,

Miyata et al. demonstrated that the steroid host compounds have a flexible inclusion

ability for conjugated diene monomers and show high yield stereoregular polymers

from a great deal of diene with bulky and! or polar substituents that hardly seen in the

case of urea derivative hosts I7
.
19

.

6. Vinyl Chloride Monomer and Polyvinyl chloride VlQ Inclusion

Polymerization

Vinyl chloride monomer (VCM) is a product made by addition of hydrogen chloride

to acetylene in petrochemical process. In ambient, VCM is gaseous (bp-13 DC) and

shows no color and no odor. Toxicity of VCM causes angiosarcoma, liver cancer.
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The major use of VCM is for the production of polyvinylchloride, polyvinylidine

chloride and other copolymer, including chloride solvents, i.e., vinylidene chloride,

trichloroethylene, and tetracll,loroethylene.

Polyvinyl chloride is a polymer obtained from a typical vinyl chloride monomer,

which receives much attention for tremendous applications for more than a half

century. Conventional polymerization of vinyl chloride monomer, i.e. , radical

polymerization, brings amorphous polyvinyl chloride with low tacticity which makes

the processing of polyvinyl chloride require some specific conditions comparing to

other ordinary polymer as polyethylene or polypropylene. Though polyvinyl chloride

has been utilized in a large amount, less study is focused on the controlled structure to

propose as a new type of material as seen in the case of isotactic polypropylene and

HDPE, LLDPE.

In 1975, Yoshii et aI. 20 proposed inclusion polymerization of vinyl chloride monomer.

The approach is operated by using urea in low temperature (under liquid nitrogen) in

order to allow the host-guest formation step proceeding. However, the ratio of host

guest and the thermal stability was not clear. It was also concluded that the overall

properties, such as solubility in organic solvent, crystallinity, x-ray diffraction theta

angle were shown differently from the commercial polyvinyl chloride, however,

stereoregularity was not precisely reported owing to the limited technique of

broadline NMR at that period.

7. The Unique of the Present Work

In the case of urea and thiourea, host-guest compound can be formed by

recrystallization. However, vinyl chloride monomer, which has the boiling point

l3°C, is difficult to recrystallization with urea and thiourea, which have the melting

point of 132-140°C. Yoshii et aI. reported the preparation of the host-guest

compound, thiourea/vinyl chloride monomer, by soaking the powder of thiourea with

vinyl chloride monomer under liquid nitrogen, and as a result, the formation of host

guest structure as a crystal of inclusion compound was not clear2o
.
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For inclusion polymerization, the most important step can be mentioned as a step for

preparation a crystal of host and guest. Thus, the formation process of vinyl chloride

monomer and host molecule can be mentioned as the main key.

Here, the umque of the project is to apply the stable crystal structure of steroid

compound to form inclusion compound with vinyl chloride monomer via absorption

technique. Deoxycholic acid is suitable for the absorption technique because the

crystal of this type of compound is easy to obtain and stable even the guest molecule

is excluded.

The present work proposed a possibility to apply deoxycholic acid as a host molecule

providing a channel for vinyl cWoride monomer. Instead of using the direct

recrystaUlization technique with vinyl cWoride monomer which is not practical in the

case, the absorpti~(chnique is used (Figure 6).o f2J (a): recrvstalliza~on

~~q
~f~

Host-Guest comDoundHost molecule

(d): rePlacement~ (c): insertion or
absorption

i1(b): evacuation

Host-Guest Compound

(b): evacuation
)

(c): insertion or
absorption

Guest free of inclusion compound

Figure 6. Preparation of inclusion compound by guest absorption into solvent

free host molecules, (a) recrystallization, (b) evacuation, (c) insertion or

absorption, and (d) replacement.
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In the frrst step, DCA is dissolved with good solvents to obtain complete crystal of

DCA. This crystal will contain the solvent molecule as a guest inside the molecular

assembly of DCA, which c~n be conflfmed by analytical techniques, such as JR,

thermal analysis, XRD or single crystal X-ray crystallography.

Secondly, the evacuation will be operated in order to exclude guests from the hosl

channel and the guest free inclusion compound can be prepared. In this step, thermal

analysis and IR can be applied to study the completion of the guest exclusion. When

crystal of DCA turns out (0 be guest free DCA or solvent free DCA, the IR

will give the characteristic peak of only host compound, While the thermal analysis

will show only melting peak of host compound.

Thirdly, the absorption of vinyl chloride monomer lO host molecules under liquid

nitrogen will be proceeded and the inclusion compound of deoxycholic acid and vinyl

cWoride will be obtained. In this step, when guest insertion occurs, the crystal of

DCA will give guest-releasing peak observed by thermal analysis. The combination

peak. of IR spectrum also informed the existence of guest inside the obtained DCA

crystal.

It should be noted that in the case of urea and thiourea, the crystal obtained fTom the

recrystallization will be deformed as soon as the guest is taken out from the host

framework which makes the absorption technique not practical. However, DCA and

cholic acid (CA) are known as a unique type of host, that is, solvent guest can be

penetrate inside the crystal owing to the stability of the molecular assembly of DCA

and CA. Thus, it is possible lO form host-guest compound by insertion or absorption

technique into the guest free host molecules. As a resull, guest insertion technique

makes it possible to form host-guest compound and practical in the case of which the

guest shows the low boiling point and to avoid recrystallization step.
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8. The Goal of the Present Project

The present work is originally focused on the inclusion polymerization of VCM via

an approach of steroid host compound. The goal of the present part can be concluded

as,

8.1 To establish the method for the preparation of DCA and VCM as an inclusion

compound.

In order to obtain inclusion compound of DCA and vinyl chloride monomer

by absorption technique, stable crystal of guest free DCA host molecule has to be

prepared. Here, recrystallization of DCA with good solvents (guest molecules) is

an effective way to produce DCA-guest compound. Following by the evacuation

procedure, the crystal of guest free DCA host compound will be obtained. DCA

VCM inclusion compound is obtained by immersing DCA into liquid VCM at low

~emperature (-196°C).

In the present work, the inclusion compound of DCA with various organic

solvents will be studied. In order to obtain high stability of DCA-VCM, the

obtained DCA-solvent compounds will be compared for the host-guest ratio and

the guest absorption ability. The present work will also cover the consideration

of DCA-VCM evidence by analytical approaches.

8.2 To study on the possibility for inclusion polymerization of vinyl chloride

monomer via inclusion polymerization

Up to now, there is no report about DCA-VCM inclusion polymerization.

Thus, it is an important issue to show that the inclusion polymerization of VCM in

DCA host compound can be accomplished. The present work applies y-ray

irradiation technique to induce radical polymerization inside the host channel. It

is also important to study the effect of the amount of y-ray energy including the

post polymerization condition.

8.3 To develop the specific structure of polyvinyl chloride

The utilization of inclusion compound can be defined as an approach for

topochemical polymerization. Through the polymerization in the channel of the
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host, which the space for monomer movement is limited, the polymerization can

be expected for the stereospecific polymer products. The main idea of the present

project is to apply the il1clusion polymerization for VCM to obtain syndiotactic

or/and isotactic polyvinyl cWoride which has never been reported in any catalytic

system. It should also be noted that the achievement of inclusion polymerization

of vinyl chloride monomer is mainly related to the successful preparation of

DCAIvinyl chloride monomer inclusion compound.
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CHAPTER 2

Experimental

.1. Materials

DCA (AR grade) was purchased from Nacalai Chemical, Japan and used without

further purification. Dioxane, ethylacetate, o-xylene, p-xylene and trichloroethylene

(HPLC grade) were purchased from Ajax chemical and used without purification.

Methyl alcohol anhydrous (AR grade) was purchased from Mallinckrodt. Vinyl

cWoride monomer and commercial grade PVC were supplied from Thai Plastics and

Chemicals Public Co., Ltd.

•

•

2. Preparation ofInclusion Compounds with Various Solvents

Dioxane, ethylacetate, o-xylene and p-xylene were applied as solvents for DCA

recrystallization. DCA was dissolved in each solvent at its boiling point until clear

solution and saturation obtained. The solution was cooled down slowly to room

temperature to obtain colorless needle like crystal. The obtained crystal was

qualitative by Fr-IR to study host-guest formation. The host-guest stability was

qualitatively and quantitatively studied by TGA.

3. Preparation ofSolvent Free Inclusion Compound

The solvent free (or guest free) DCA was obtained by heating the DCA-solvent

adducts at 140 DC for 12 hours under reduced pressure around 1020 mbar in order to

remove the solvent, i.e., dioxane, THF, ethylacetate or xylene. The obtained crystals

were studied by Fr-IR and TGA to conflfm that all the solvent molecules were

removed and the crystals were guest free inclusion compound.

4. Preparation ofHost-Monomer Inclusion Compound

The obtained guest free inclusion compound crystals (1.0 g) were collected in a glass

tube and cooled by liquid nitrogen. Vinyl chloride monomer 2 mI. was gradually

collected under liquid nitrogen. The tube was evacuated under reduced pressure and
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sealed. The sealed tube was allowed standing at -15 DC for 2 days to prepare DCA

VCM inclusion compound.

5. Polymerization ofHost,Monomer Inclusion Compound

The prepared host-monomer inclusion compound was "( -ray irradiated (dose rate 2

Mradlh (20 kGy/h), 1h, at -78 DC) to initiation the polymerization. After irradiation,

the tube was left under -15 DC to let the postpolymerization occur for 4 days. The "(

ray irradiation was operated by courtesy of Office of Atomic Energy for Peace. .

6. Separation ofPolymer after Postpolymerization

After postpolymerization, the DCA-polymer adduct was poured into the excess

methanol (100 ml). The separated polymer was filtered off and washed with absolute·

methanol repeatedly, and dried under vacuum at room temperature for a day to avoid

the degradation and oxidation.

7. Measurements

7.1 Structural Analysis

Infrared spectra of DCA and various solvents as guest molecules, monomer-host

adduct, polymer-host adduct, and polymer were measured by a Bruker Equinox55/S

Fr-IR spectrometer using KBr pellet technique. Microscope Fr-IR was applied to

study the inclusion compound of DCA-VCM crystal. Both the commercial PVC and

obtained PVC from inclusion polymerization were directly irradiated with "(-ray at 1

Mrad in ESR vacuum tubes in liquid nitrogen to initiate free radicals on the polymer

chain. The ESR measurements were performed at 187 K and 273 K.

7.2 Microstructure Analysis

Single crystallographic of DCA-solvent data and molecular packing were determined

by Rigaku AFC-7R diffractometer with graphite-monochrornated Mo-Ka radiation in

combination with TEXAN crystallographic software package of Molecular Structure

Corporation. Powder X-ray analysis was performed by Rigaku DIMAX 2000, at

room temperature, to study the microstructure of the obtained crystals and the



•

•

•

•

15

obtained polymer by using small angle (at angle range (28) 2°-10°) and wide angle

measurement (at angle range (28) 3°_25°).

7.3 Thennal Stability Analysis

Thermogravimetry Analysis (TGA) and Differential Thermal Analysis (DTA) were

made with a Rigaku Thermoplus Thermogravimetric and Differential Thermal

Analyzer under nitrogen atmosphere at a rate of 20 mlJmin. DCA with various

solvent guests were analyzed at a heating rate of 10 K/rn.ill from 30°C to 300°C.

Monomer-host adduct was observed from 10 °C to 200°C with a heating rate of 1

K/rnin between 1O-50°C and 10K/min between 50-200°C. Guest releasing point was

determined by Differential Scanning Calorimeter Nertzsch DSC 200. The scan was

taken at 10°C/min under nitrogen atmosphere.
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.,------.. Recrystallization (see 2.2)

DCA /solvent

inclusion compound crystal

• ~ FTIR (structural analysis)

TGA (host-guest stability study)

,~ Evacuate under pressure for Iday (see 2.3)

DCA guest free host molecule ~ FTIR (structural analysis)

TGA (host-guest stability study)

-----. Soaking in Trichloroethylene, MMA preliminary

test and vinyl chloride monomer

(under liquid nitrogen) (see 2.4)

DCAI vinyl chloride monomer ~ FTIR (structural analysis)

Inclusion compound crystal TGA (host-guest stability study)

DSC (host-guest stability study)

~ y-ray irradiation (see 2.5)
,Ir

DCAIvinyl chloride polymer

Inclusion compound crystal

------.. Reprecipitation in MeOH (see 2.6)

•

•

DCA in methanol

+

Polyvinyl chloride precipitate

Measurements (see 2.7)

~ (structural analysis for polyvinyl

chloride)

Chart 1. Overall procedures of the experiments.
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• CHAPTER 3

Results and Discussion

1. Properties of DCA and Various Solvents Inclusion Compounds

DCA was recrystallized with good solvents, i.e., dioxane, ethyl acetate, p-xylene and

o-xylene to prepare inclusion compound crystal. The obtained needle crystals are not

melt or deformed at room temperature. The obtained crystals were analyzed by FfIR

and TGA techniques in order to confIrm the formation of inclusion compounds.

Figure 7 shows the Ff-IR of DCA which free hydroxyl group can be observed at

3552 em-I, while carbonyl of carboxylic acid shows strong peak at 1714 em-I and

1699 em-I, owing to the free carbonyl and internal hydrogen bonding.
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Figure 7. FfIR of DCA starting material.
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Figure 8. FfIR of a) DCA-a-xylene inclusion compound, and b) DCA-ethyl

acetate.

However, as shown in Figures 8, and 9 when DCA was recrystalized with a-xylene,

ethyl acetate, and dioxane, free hydroxyl group could not be observed and

intermolecular hydrogen bonding of DCA shows significantly at 3200 em-I, whereas

carbonyl group shows a single peak at 1693 em-I. In the case of xylene (Figure 8a),

aromatic hydrocarbon peak can be observed at 941 em-I. DCA-ethyl acetate shows

the significant peak of carbonyl of ester at 1742 em-I (Figure 8 b). Similarly, DCA

dioxane shows the peak of C-O-C stretching at 1121 and 1196 em-I, respectively

(Figure 9).
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Figure 9. FfIR of DCA-dioxane inclusion compound.

2. Host-Guest ratio

Normally, guest will be stabilized in host channel and the crystal structure is

maintained by the packing of host and guest. By adding the energy, e.g. thermal

energy, guest will response to the circumstance and will release from the structure.

Thermal gravimetry analysis will be a useful way to find the host-guest ratio by the

weight loss owing to the guest-releasing peak.

Guest entrapped in DCA channel was quantitatively studied by TGA. As shown in

Figure 10, in the case of DCA-ethyl acetate, the release of guest can be observed at

ca. 150°C, which is around 80°C higher than the boiling point of ethyl acetate (from

Merck index; 77.1°C). Another peak is found at 170°C referring to the melting

temperature of DCA crystal. Tsutsurni et al. reported II that when DCA formed

inclusion complex with a guest of 1-chlorobutadiene, TGA shows the weight loss of



•

20

•

•

,

the guest at 159°C, which is higher than the boiling point of l-chlorobutadiene for 90

°C ( bp. of l-chlorobutadiene : 65-65.8°C). Thus, it can be concluded that ethyl

acetate is included and stabil~ed by DCA. The thermal stability of entrapped guest in

DCA channel can be observed by differential thermogravimetry analysis (DTG). As

shown in the Figures 11-12, each guest molecule is removed at 140-150°C at which is

higher than the boiling point of a-xylene and dioxane for ca. 70-90 dc.

From weight loss peak, the molar ratio of host and guest can be calculated, i.e., 6.1 %

for ethyl acetate and 93.9% of DCA which is equal to the ratio of 6.1188 : 93.9/391

that is 3.46: 1, approximately 3: 1. Figure 10 implies that ethyl acetate for 1 molecule

entrapped by 3 host molecules.

Here, it should be noted that when the inclusion compound of DCA-ethyl acetate is

left for a long period time (i.e., more than 1 month), guest release pattern is different.

As shown in Figure' 13, host guest ratio of DCA-ethylacetate is calculated to be nearly

6 host molecules to entrap one guest molecule. This may be due to the different

packing and different stability of guest molecules in the host structure.

At the equilibrium time, the unstable guest in the channel is released while the stable

one is still remained in the channel. This can be confirmed by single crystal X-ray

crystallography as discussed in the next section, Single crystal analysis of DCA with

particular solvents.

For DCA-a-xylene, guest releasing peak imply that host guest ratio is (88.38/391):

(11.621106) approximately 2 hosts for 1 guest (Figure 11). Similarly, Figure 12

implies that host guest ratio is 2.5 hosts to one guest.
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Figure 10. Thermal stability of DCA-ethyl acetate after a week. From the

weight loss peak. host:guest ratio can be calculated to be 3: 1.
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Figure II. Thermal stability of DCA-a-xylene inclusion compound.
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Figure 12. Thennal stability of DCA-dioxane inclusion compound.

..

TGIDTA diagrams show the peaks in two separate regIons related to the guest

releasing peak besides melting peak of DCAat 170°C. In the case of DCA-dioxane

and DCA-ethylacetate TGIDTA shows two peaks to guest releasing, which is around

140°-160°. This may be due to the evaporation of the guest molecules from the

different region inside the channel of DCA. It can be mentioned that the inner region

of the DCA channel stabilized guest molecules much more than the outer region of

the DCA channel. The weight loss of the guest releasing peaks can be calculated as a

molar ratio of host and guest.



23

-2.95%................................ " .... -- .. ----&- .. - .. ,. .. - - - - - - - .... 0'
I
f,,
1

-0.00

-0.05

-0.10 TG-C)

E-- -0.15.r:.
C) --1.-
Q> I.

3:
1

150.4°C
,

-0.79%I
",

-0.20 DTA

•

•
-0.25

40 60 80 100 120 140 160 180 200 220

ii

Temperature (Oe)

Figure 13. Thermal stability of DCA-ethyl acetate after more than two months,

from the weight loss peak, host:guest ratio can be calculated to be 6: 1.

•

3. Single Crystal Analysis ofDCA with Particular Solvents.

DCA (Figure 14), Cholic acid (CA) and its derivatives such as methyl cholate 12
, 3

epiursodeoxycholic acid21 have been reported in terms of crystallographic view to

demonstrate the molecular assemblies when inclusion compound was formed. Cerini

et al reported that DCA forms inclusion compound with a-xylene or p-xylene as a

monoclinic type (P2 1). Usually, DCA forms inclusion compounds in layer crystal

form in orthorhombic, monoclinic, tetragonal system, while it forms in helical form in

hexagonal system22
.
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Figure 14. Orthep plot of deoxycholic acid molecule.

.:. a =13.577 QA

.:. b =25.698 QA

.:. c =7.2402 QA

Figure 15. Single crystal analysis of DCA with ethyl acetate, while ethyl

acetate molecule is represented by guest packing model.

It should be noted that, when the crystal of DCA-ethyl acetate is left for a long period

time, DCA-ethyl acetate' shows unique property different from other DCA-solvents

system. It is found that the DCA-ethyl acetate after long period time shows ethyl

acetate in bilayer form of orthorhombic system, while the host guest ratio is not 3: I

but rather bigger ratio (Figure 15). Single crystal analysis is much more difficult to
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determine for each repeating structure unit including the position of guest when the

unit cell becomes larger owing to the large number of guests to one host.

When the host guest ratio is complicated , the data base for analysis is tremendous

amount. Owing to the limitation of single crystal analysis data base the position of

guest can be estimated only for overall structure but can not be exactly determined for

the guest structure, the position and the ratio to host molecules. Especially, in this

case, the electron density of ethyl acetate guest molecules is not strong enough to

detect the correct position in DCA channels, which may be due to the disordering of

ethyl acetate guest molecules. However, for the overall structure, it is found that ethyl

acetate is arranged in DCA channel as a one-dimensional chain along the c-axis as

shown in Figure 16.

Figure 16. One-dimensional chain of guest molecules along c-axis by using

chain model for ethyl acetate guest.

DCA-dioxane is another interesting compound. After long period, host guest ratio is

changed from 2.7 to 2.3. Here, the study on single crystal X-ray crystallography

implied that the system is unique and quite different from those of the reported DCA

xylene by Cerrini et a123
. and DCA-ethyl acetate by Nassimbeni et a124 . DCA

dioxane crystal shows host guest ratio be not simple as an integral number to one host

molecule. In this case, The host guest ratio can be explained as approximately 24
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guests to 10 host at equilibrium time. Thus, the determination of host and guest

molecules in crystal structure is difficult owing to the limitation of the X-ray analysis

program.

By using Texan software combining with the electron density data in the unit cell, it

can be approximately evaluated that molecular structure of DCA-dioxane can either

be monoclinic or orthorhombic as concluded in Table 1. In the case of orthorhombic

system, the molecular assembly is shown in Figure 17.

Figure 17. Single crystal of DCA-dioxane host guest compound, while

dioxane guest is shown as a group of atoms due to the limitation of guest

determination by X-ray crystallography.
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Table 1. Summary data of DCA-dioxane crystal when it is monoclinic or

• orthorhombic system

Preliminary test Monoclinic Orthorhombic

Space group P2 t P2 t2\2 1

a 13.459 13.491 13.490

b 26.558 7.6272 7.6270

c 7.275 26.580 26.549

a (OA) 90.0603 90.000 90.000

13 (0A) 90.2170 89.973 90.000

'Y (0A) 89.9589 90.000 90.000

•

,

Figure 18 shows the schematic drawing of DCA-dioxane adduct to simplify the

system, which is not integral ratio of host, and guest. In the case of it can be expected

that guest alignment is overlapping in the host channel. Nasimbeni et al reported that

guest molecules in host channel can be disordered in both dynamic and static type. In

DCA-dioxane, it may be due to the guest disordering which rather be a static disorder

owing to the high stability of the crystal in the ambient pressure and temperature.

Channel of
DCA

Overlap region of

dioxane molecule

Figure 18. Schematic representation of dioxane guest overlapping In DCA

channel.
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4. Thermal Stability and the Effect to Host-Guest Ratio

As mentioned in the previous section, in the case of DCA-ethyl acetate, the obtained

crystal shows host guest ratio in the range of 3: 1, however, after the crystal is left for

a long period, host guest ratio is, changed to 6: 1. This may be due to the stability of

guest in the channel. After long period, the dynamic guest can be excluded from the

channel while the static guest is still maintained. As a result, the host guest ratio is

changed to stabilize at 6: 1 ratio. The molar ratio between host and guest and guest

releasing point are summarized in Table 2.

Table 2. Thermal stability and molar ratio of DCA inclusion compound in various

solvents as guest

Guest Guest releasing Percentage of Molar ratio of Molar ratio of

point (OC) weight loss DCNguest after DCNguest after

• one week 2 months

dioxane 143.2 8.61 2.74 2.38

Ethyl acetate 150.4 3.74 2.96 5.77

a-xylene 152.1 11.62 ·2.55 2.05

p-xylene 153.9 11.64 2.16 2.05

5. Solvent Free (Guest Free) DCA and Its Properties

The unique feature of DCA in the inclusion compound application is the stability of

guest fre~ DCA crystal. Hence, host guest compound can be prepared by guest

absorption method, which is very useful for the guest that can not be directly

recrystallized with DCA. The structural analysis of guest free DCA is done by FfIR.

As shown in Figure 19, DCA-o-xylene crystal can be completely removed guest to

form guest free DCA crystal as confirmed by Ff-IR.

•
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Figure 19. Fr-IRofa) DCA-a-xylene inclusion compound, and b) after

evacuation under pressure for a day at 140°C.



30

• -0.00 -~~--------------~----_.,
I
I
I

-4.04%
• -0.05

- -0.10
0)

E-....
-0.15.c

0).-
(1)

3:
-0.20 158.1 °C

-7.58%

173.2°C-0.25

40 60 80 100 120 140 160 180 200 220

, Temperature (OC)

0.60

0.40

-0)

E....
.c
0).-
(1)

3:

0.20

-0.00

TG

-0.20

172.0°C
-0.40

40 60 80 100 120 140 160 180 200 220

•
Temperature (OC)

Figure 20. Thermal stability of DCA-a-xylene (top), and after exclusion a-xylene to

be a guest free DCA (bottom).
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When DCA-o-xylene crystal was vacuum dried, TGA shows the same peak as same

as DCA, suggesting that the crystal is guest free DCA inclusion compound (Figures

19 and 20).

Similarly, in the case of other solvents; dioxane, and ethyl acetate, the solvent free

DCA inclusion compounds were achieved and can be confirmed by TGA (Figure 21

22). FT-IR appears to be as DCA starting material, which also supports that guest

removal is successful.

XRD study is another alternative way to confirm guest free DCA. Here, the results

also support that the removal of guest o-xylene from DCA-o-xylene is successful as

shown in Figure 23. It should be noted that the XRD pattern of DCA starting material

and the solvent free DCA is similar. Guest movement and intercalation system is

found in most cases of cholic acid and its derivative host compounds. Miyata et al.

reported that the inclusion crystal of cholic acid with a former guest would allow the

latter guest intercalated by a movement of guest. XRD study shows that cholic acid

will allow the crystal layer slide without losing their crystalinity or changing to

amorphous25
.

However, the solvent free DCA is maintained in crystal form while the starting

material, which is the powder. In the present case, DCA with guest is found to be a

transparent crystal and the crystal structure is maintained even after evacuation guest

to obtain the blank solvent free (or guest free) DCA. In this step, the crystal appears

to be a white needle crystal. XRD pattern shows that the white needle crystals lose

their crystallinity and changes to the original amorphous structure (Figure 23).

After the guest free DCA is immersed with another guest, XRD pattern shows that the

crystal pattern is appeared again related to the type of the guest (see DCA inclusion

compound adduct by. absorption technique; DCA-trichloroethylene, Figure 28). This

implies that the amorphous structure of DCA host can change to the crystal structure

by guest absorption. The XRD pattern informs that after guest absorption DCA host

will arrange the packing to be a high crystallinity again.
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• Figure 21. Thennal stability of DCA-dioxane (top), and after exclusion dioxane to be

a guest free DCA (bottom).
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Figure 23. XRD pattern of a) DCA, b) solvent free DCA after exclusion 0

xylene, and c) DCA-o-xylene.

6. DCA Inclusion Compound· by Absorption Technique.. DCA

trichloroethylene System as a Model for DCA-VCM

Owing to the property of vinyl cWoride monomer for its volatility and the low boiling

point (-13AOC), the preparation of inclusion compound via recrystallization of DCN

vinyl cWoride monomer can not be achieved by the ordinary recrystallization

procedure. Yoshii et al. ia reported the preparation of urea/vinyl cWoride monomer by

mixing urea and vinyl chloride monomer in low temperature for a period of 50 hours

and claimed as an inclusion complex. However, the stability of the host-guest

compound and the ratio between host and guest were not mentioned.

It should be noted here that DCA host compound is an inclusion compound that can

form stable host crystal and prepared as a guest free host crystal via vacuum drying of

the crystal of DCA-guest compound. Tsutsumi et al.I I proposed the preparation of

monomer-DCA adduct by the chemisorption of the monomer into guest free inclusion
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compound of DCA, so called insertion technique. It was reported that when the

monomer of l-chlorobutadiene was left with DCA at room temperature for a day, the

inclusion compound of DCA-l-chlorobutadiene could be achieved. In this case, the

ratio of host and monomer can be confirmed by TGA.

In the present work, in order to prepare the vinyl chloride monomer included in DCA

host molecule, the insertion technique is then applied. However, since the insertion of

vinyl chloride to DCA guest free host crystal has to be operated in the liquid state of

vinyl chloride monomer, the crystals have to be kept in low temperature. Thus, it is

very difficult to study for the structural analysis and thermal properties of DCA-VCM

by Ff-IR and TGA techniques.

In preliminary studies, tricWoroethylene that has the structure similar to vinyl chloride

monomer is applied as the guest molecule. Here, methyl methacrylate is (MMA) also

used for reference study since it is easy to handle.

Firstly, DCA guest free crystal was prepared via vacuum drying DCA/ethyl acetate

crystal. The obtained crystal was then left in MMA or ethyl acetate for the insertion

process. The guest absorption behavior was observed by Ff-IR, TGA and XRD.

In the case of DCA-MMA system, as shown in Figure 24, the hydrogen bond of DCA

and the fingerprints are changed indicating that the insertion of MMA is successful.

Figure 25 shows the stability of MMA in DCA. Here, the MMA weight loss peak for

8% is appeared at 170°C relating to the period of soaking temperature.

1.19470,3'\0
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Figure 24. FT-IR of a) solvent free DCA obtained from DCA-o-xylene, and b)

DCA-MMA after MMA absorption for over 3 days.
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Figure 25. Thermal stability of a) guest free DCA crystal (obtained from

DCA-o-xylene), and b) DCA-MMA after MMA absorption for over 3 days
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The absorption behavior of trichloroethylene was also studied. Ff-IR confirms the

hydrogen bonding of DCA and guest peaks referring to trichloroethylene (Figure 26).

Thermal analysis (Figure 27) indicates that in either case the trichloroethylene guest is

included in the DCA host cavity with the weight percent of (6-8%) and is stable at the

temperature of 170-190 0c.
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Figure 26. Ff-IR of a) solvent free DCA prepared from DCA-o-xylene, and b)

after immersion in trichloroethylene for 3 days.
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Figure 27. Thermal stability of a) guest free DCA crystal (obtained from

DCA-o-xylene), and b) after soaking in trichloroethylene at room temperature

for over 3 days.

XRD pattern indicates that DCA entraps trichloroethylene with a certain crystal

structure (Figure 28). It is confIrmed that DCA starting material shows the same

XRD pattern with guest free DCA. This implies that though opaque needle crystal is

obtained after exclusion guest out completely, the microstructure of the solvent free

crystal is amorphous. Immersion with trichloroethylene will allow the

trichloroethylene guest molecules penetrating into the layer of DCA which makes

XRD pattern of DCA tum out to be a crystal structure again.
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Figure 28. XRD pattern of solvent free DCA, (top) and DCA

trichloroethylene (bottom).

..

7. DCA- VCM Host-Guest Compound, Properties and Structural Analysis

Owing to the instability of VCM, it is difficult to study DCA-VCM host guest

compound obtained from intercalation method by normal analytical approaches such

as FfIR, TGIDT A. An attempt to study the absorption of vinyl chloride monomer

into the DCA guest free host is done. As mentioned in previous section, the crystal

has to be kept in low temperature owing to the volatility of vinyl chloride monomer,

thus, microscope Ff-IR technique is applied to observe DCA-VCM directly without

grinding DCA-VCM to prepare as a KEr pellet to avoid the guest evaporation.

• Vinyl chloride monomer was cooled in a glass tube within liquid nitrogen. The guest

free DCA crystal obtained from recrystallization by a-xylene were left with liquid

nitrogen to progress insertion process for two days in vacuum atmosphere.
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Microscope Ff-IR (Figure 29) shows that DCA forms the inclusion compound with

VCM which can be concluded by considering the characteristic referring to changing

of DCA characteric peaks, i.e., OH peak at peaks at 3600 and singlet peak at 1700

cm-1 (see in Figure 7).
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Figure 29. Microscope Ff-IR of DCA crystal after inunersion in liquidified

VCM for over 3 days.

Low temperature DSC was also applied to observed the DCA- VCM formation. As

shown in Figure 31, the DSC analysis of the DCA-VCM adduct was carried out from

-20 to 200 °C to define the VCM releasing point of the DCA-VCM. It is found that

VCM releasing point of the DCA-VCM adduct is broad in the range of 40-60°C.
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Figure 30. DSC thermogram of DCA after immersion in liquidified VCM for

over 3 days.

8. Effect ofy-ray on the Inclusion Polymerization ofDCA-VCM

Table 3. Amount of y -ray and the induced polymer properties.

y-ray Mn Mw MWD %yield PVC/CA

(glmol)

10 2808 7322 2.61 4.54

20 2809 7178 2.55 7.77

30 4926 14304 2.9 59.53

40 - - - 86.84

It is known that inclusion polymerization be effected by the host channel and the

energy level of y-ray to accelerate the inclusion polymerization, here, the effect of y

rayon the inclusion polymerization was studied by varying the amount ofy-ray.
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Figure 31. Effect ofy-ray on inclusion polymerization ofDCA-VCM.

As the amount of y-ray increased, the high molecular weight polymer was

obtained with the high yield, however, the distribution of polymer species is

also increased significantly (Table 3 and Figure 31). These results can be

referred to the effect of y-ray that it is not only on the production of the radical

species to enhance the polymerization but also the degradation of polymer

chains. It is found that the yield of PVC was as high as 80% yield when the

amount of y-ray was 40 Mrad.

..

9. DCA- VCM Inclusion Polymerization and Study on the Resulting

Polymer

After irradiation, DCA-VCM crystals are expected to change to DCA-PVC crystals.

Thermal stability study on the DCA-VCM after irradiation indicates that the releasing

point of the obtained product from the host is at 145 DC (Figure 3]). It is found that
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guest releasing temperature is rather high than PVc. This may be related to the

consumed energy to exclude the guest from the packing layer of DCA host. Ff-IR of

the iradiated crystal (Figure 32) implies that DCA entrapes a gues. However, the

guest peaks can not be clarified as a PVC until purification on the irradiated host

VCM adduct were done.

In order to confIrm the successful of inclusion polymerization for the DCA-VCM

host-guest compound to obtain PVc. The obtained crystals were analyzed after the

washing thoroughly with methanol to exclude DCA host. It is found that white

precipitate was appeared when DCA-VCM crystal were washed with methanol. The

amount of the obtained PVC is found to be 10 mg for each 1.0 g of DCA inclusion

crystal as confirmed by the weight measurement before and after irradiation process.

The white precipitate was collected to analyze the structure.
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Figure 32. TGIDTA of DCA-VCM resulting crystal after irradiation.
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•

Comparing the Ff-IR spectrum (Figure 33) of the PVC obtained by the inclusion

polymerization to the commercial poly(vinyl chloride), the resulting polymer can be

concluded as poly(vinyl cWoride). It should be noted that there are some differences

of these spectra, especially in the band around 1250 cm'l, which is assigned to the

vibration mode of methine (CH). The PVC from the inclusion polymerization shows

sharp peak while the commercial PVC shows the methine (CH) broad peak at 1250

cm'l. Moreover, other observed peaks are relatively sharp peak comparing to the

peaks of he commercial one. These sharp peaks indicates that the resulting polymer

may have specific structure owing to the higher regularity than the commercial PVc.

•
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Figure 34. Ff-IR of a) the obtained product after washing the irradiated DCA

VCM prepared from DCA-dioxane, b) the obtained product after washing the

irradiated DCA-VCM prepared from DCA-ethyl acetate, and c) commercial

PVc.

It should be noted that two types of solvent free DCA (Figure 33 a and b) give the

similar result of the product PVc. This means that the channels provided from both

solvents contribute no different for VCM alignment in the channel.

Thermal stability study by DSC shows that the glass transition temperature (Tg) of the

obtained PVC is at 101 ° (Figure 35) which is slightly higher than that of commercial

PVC (at 87°)(Figure 34).



2.00

1.00

C'l
E -0.00

~
:2:

-2.00

Glass transition

Onset: 83.8 °C

Midpt: 87.0 °C

Inflpt: 87.6 °C
Endpt: 90.1 °C

Del cp: 0.47 J(g*K)

46

-1.00
40 60 80 100 120 140 160 180

•

Temperature (Oe)

Figure 35. DSC thermogram of the commercial PVc.
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Figure 36. DSC thennogram of the obtained product from irradiated

DCA-VCM.

However, in the case of the obtained PVC, the range of Tg is broader than the

commercial one, which may be due to the broad distribution of the regularity in the

product. The obtained PVC does not show the melting temperature, which indicates

that it may not be the complete crystalline polymer.

Solubility is another approach to evaluate the differences in structure between the

obtained PVC and the commercial PVc. Certain solvents are used for the study on

solubility, i.e. tetrehydrofuran, cyclohexanone, and benzene-acetone mixture. The

solubility testing results are summarized in Table 3.
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Table 4. Solubility of the obtained PVC and the commercial PVC in various solvents

Solubility at room Solubility at

Solvent temperature boiling point temperature

Commercial Inclusion Commercial Inclusion

PVC PVC PVC PVC

Tetrahydrofuran -.J x -.J x

Cyclohexanone x x -.J -.J

Benzene-acetone mixture x x -.J x

-.J =Soluble and x =insoluble

The solubility testing indicates that the obtained PVC is more difficult to dissolve in

good solvents for PVC, except for cyclohexanone at elevated temperature. Yoshii et

al reported that syndiotactic PVC prepared by inclusion polymerization using urea as

a host molecule is insoluble in all of solvents in Table 320. This can be concluded that

the obtained PVC may have some level of stereoregularity different from either the

commercial PVC or the obtained PVC from urea host.

Here, ESR measurement was conducted. The ESR spectra of the obtained PVC and

the commercial PVC at 187 K and 273 K are shown in Figure 36 and 37, respectively.

There are some different parts in ESR spectra between commercial PVC and the

inclusion polymerized PVc. Here, if free radicals created on the polymer chain by

irradiation have different environment of polymer chain, the obtained ESR pattern

will be different. As shown in Figure 6, the spectra obtained at 183 K are similar to

each other. However, when the temperature is increased to 273K, a shoulder peak on

2350 G appears (Figure 37). This can be explained as follows, at 183 K, the free

radicals movement is rather restricted, which makes the position that the appeared

free radicals created be the same. However, at 273 K, the movement of the radicals is

more freely than at 183 K and the shoulder peak is appeared. This can be concluded

that the microstructure of the obtained PVC shows some differences in the regularity.
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Figure 37. ESR spectra at 183 K of irradiated PVC, a) the obtained product

from irradiated DCA-VCM, and b) the commercial PVc.
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Figure 38. ESR spectra at 273 K of irradiated PVC, a) the obtained product

from irradiated DCA-VCM, and b) the commercial PVc.
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Structural analysis was also done by XRD. As shown in Figure 38 and 39, the

obtained polymer shows one major peak at 30° and a slight peak at 70°, while the

commercial PVC shows the peak at 20°, 30° and sub peaks at 40° and 80°. This

implies that the structure of the obtained product be more regularity. However, the

broadening of the peaks in all ranges informs that the regularity of the obtained

polymer is still based on the amorphous phase.

With specific software, the XRD analysis can be evaluated for the amorphous phase

and crystalline phase to determine the degree of the crystallinity in the overall

polymer chain. However, when there is no concerned with the broadening of the

peaks, for the obtained polymer, by using Braggs' Law, the spacings of groups of

atoms can be calculated to get the average distances of 0.4-0.5 nm.

In order to clarify the crystallinity and the regularity, another approach can be

proposed. Generally, regularity of the polymer effects the solubility of the polymer in

good solvents at a certain temperature, i.e., the higher regularity with high molecular

weight, the solubility will be decreased and tends to precipitate out from the system

Thus, it can be expected that the obtained polymer can be extensively studied in the

stereoregularity and the degree of crystallinity.
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CHAPTER 4

Conclusions

Although polyvinyl chloride has been known for over 3 decades, the development of

polyvinyl chloride did not received much attention. This due to the preparation

process, which is a radical polymerization of vinyl chloride monomer, limits the

polyvinyl chloride about its property and the stereospecific structure to be only

random polymer and as an amorphous structure. However, inclusion polymerization

is an alternative way to propose as a space dependent radical polymerization to obtain

a controlled structure of polyvinyl chloride.

DCA is found to be a useful host compound owing to two mam reasons. Firstly,

DCA can be prepared as a solvent free DCA host structure, which is very stable in the

form of opaque needles-like crystal. Secondly, DCA solvent free host will allow

another guest molecule to penetrate inside and, thus, DCA-VCM can be prepared

successfully by guest absorption technique.

Radical polymerization by y-radiation is proven to generate PVC from the DCA

VCM. Structural analysis of the resulting polymer based on stereospecific structure

concluded that the obtained PVC is found to be a mixture of stereoregularity products.

It is to our interest in the future work to focus on the purification of the product by

using critical solubility technique in order to separate each fraction of the polymer out

from the mixtures.

The present work will be extended for structural analysis by XRD and NMR

technique, especially 13C-NMR solid state in order to clarify the structure of the

obtained product. In this step, it is important to separate each molecular weight

fraction by precipitation in the solvent technique.
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CHAPTERS

Future Aspects

DCA can be prepared as an inclusion compound with many types of solvents. It is an

interesting issue to focus the type of inclusion crystal in order to clarify guest channel

in the cavity of DCA. In the present work, we found that DCA can entrap some guest

in a stable manner, however, there are some particular guests, such as dioxane or ethyl

acetate that guest will be decreased after long period of time. The obtained product

was characterized from various approaches to study the specific property of the

polymer. Here, we concluded that there are some properties differed from the

commercial PVC. FT-IR, thermal analysis and ESR study implied that the obtained

product shows some different property from the commercial PVC. However, the

results also implied that the obtained PVC is the mixture of the stereoregularity

polymer. In order to characterize the specific structure, NMR technique is another

useful approach for the study. Here, the obtained product should be reprecipitate and

fractional separated to collect each level of the molecular weight related to the

structure. Thus, in the future work, it is our interest to study the structure in details by

using XRD and NMR including molecular weight study by using OPC technique.

Concerning with th~ channel of the host, the present work.is also attractive to us to

clarify the size and specific structure for the VCM guest molecules. We propose that

the inclusion polymerization of VCM should be studied by using another steroid

derivatives, such as; cholic acid host system The merit of cholic acid is also on the

point that the inclusion compound with VCM can be prepared by absorption

technique. Here, we expect that cholic acid will give different structure of the channel

which leads to the understanding of host channel and guest stability by comparing to

DCA system The inclusion polymerization in Cholic acid is also interesting issues

for the stereoregularity polymer.
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