CHAPTER 11

EXPERIVENTAL

3.1 Apparatus and instruments

INSTRIMENTS

Aspirator

2. Branauer-Emmett-Teller Meter

. Differential Scanning Calorimeter

and Thermal A alyzer
. Differential Themmal Analyser
. Electronic Shaker

. Electronic Grinder

. Elemental Analyzer(CHN)

. Fourier Transform Infrared
Seect rophot areter

. Ges Chromatography

High Vaowum Rnp
Hydrogenator with Temperature
control ler

IARES

Bela, nodd A3S

Quantachrome
DLRONT, nodd 91CS

Shimedzu, mode DT-30
Janke & kunkel, nodd

Hs 500

Retsch, nodd S

Perkin Elmer, nodd 24 C
Perkin Elmer, noodl
1780X

Shimadzu, nodd GC 9 A
Javac, nodd D &

Parr, nmood 4541



No. INSTRUMVENTS SORES

12 Inductively Coupled Plasma Shimedzu, nodd ICPSH0
Emission Spectrometer

13 Mechanical stirrer Bela, nodd MXGNS

14 NMR Spectroscopy BRKER nodd BH 200/52

15 Scanning Electron Micrascope JEA, nodd JSVIT0

16, Sonic Filter Asahi, nodd Al

17. Vaoum Oen Fisher, nmocd 281

18 Rotary Evaporator Heidolph, nodd 2000

19 Mess Spectrometer J, nmodd IVSDX-300

3.2 Solvents and reagents

No, REANTS SORES

1 Acetic acid Merck , R

2 Acetone Merck , COMWMERIAL
3. Anthranilic acid Sgma , R

4. Berzere JT. BXR, R
5. Benzoyl peroxide Merck , AR

6. Boric acid HH1IAR

7- 2-Bromoethyl berzerne HLKA AG



REAENTS

. 1-Butanol

BB B B o

5 &b &

BRRRBB

R

B N B B

Calcium chloride

Carbon disulfide

Chloroform

Quprous chloride
Cyclohexanal

Cycdohexanone

Cydohexene

Diethyl ether

Divinyl berzene(50% in ethyl
vinyl berzene)
Ethanol(absolute)

Gelatin poader

Hydrochloric acid

Isooctane
4-Methyl-2-pentanol
Molecular sieve(type 4 A 1/16"
pel lets)

Nitric acid
Paraformaldehyde(extra pure)
Petroleum spirit(40-60°C)
Polyvinyl pyrrolidone(MW. 44,000)

Potassium-tert-butoxide

JT. BXR, R
HIKA AG

CROHBA 1R
HH, R
HH, R
CROHBA IR

HIKA AG RRM
UNON CARBCE

Merck , R
Merck , R
Merck , AR
HH, R
HIKA AG
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No. REAAENTS SARES

2. Potassium thiocyanate HLKA AG

0. Pyridine CROEBRA, R
3L Rnodum trichloride Aldrich , R
3 Silver nitrate Merck , R

34. Sodum carbonate anhydrous HIKA AG RRM
3. Sodum hydrogen carbonate RECH-CEHAEN AG
3. Sodum hydroxide BEABEM, RRSS
3/7. Sodum sulfate anhydrous CROEHRA, AR
38. Styrene ALLKA AG

39. Sulfuric acid JT. BAM R, R
40. Tert-butyl- alcohal JT. BAMR, R
41 Toluene BEH AR

42. Zinc chloride anhydrous HLKA AG RRSS

3.3 Purification of solvents and reagents

3.3.1 Acetone

Organic impurities in this commercial reagent hed
been removed by adding 4 g of silver nitrate in 30 m of water
to 1lit of acetone, followed by 30 ni 1 Msodum hydroxide,
shaking for 10 mn , filtering , drying with anhydrous calcium
sulfate ad then fractional distilling, (b.p. 56.2°C)
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3.3.2 Benzene

It can be purified by drying with 4X Linde molecular
sieve, ad fractional distillated. (b.p. 80.1°c)

3.3.3  1-Butanol

This solvent wes dried with megnesum sulfate ad
followed by fractional distillation, (b.p. 117.7°c)

3.3.4 Carbon disulfide

This solvent wss dried carefully with calcium
chloride ad then followed by fractional distillation.
(b.p. 46.3°C)

3.3.5 Chloroform

This solvent reacts slowly with oxygen or oxidising
agents, when exposed to air ad light, giving mainly, G0do, CI9
ad HCL Simplest purifications involve drying with CaCQz,
ad distilling. The distillated chloroform should be stored in
the dark to avoid photochemical formation of phosgene.

(b.p. 61.2°c)
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3.3.6  Cvclohexanol

This solvent wss dried with sodium carbonate, then

fractionally distillation. (b.p. 161.I°c)
3.3.7  Cyclohexanone

This solvent wes dried with sodium sulfate, then
distilled, (b.p. 155.7°c)

3.3.8 Diethyl ether

This solvent wes refluxed with small pieces of sodium
metal and benzophenone until the solution wes blue colour,
followed by fractional distillation, (b.p. 34.6°C)

3.3.9  N.N-Dimethvlformamide (DVF)

By using of Linde type 4 A molecular sieves as
drying agents, dimethyl formamide wes followed by distillation
under reduced pressure, (b.p. 153.0°C)

3.3.10 Isooctane (2,2,4-trimethylpentane)

This solvent wes fractionally distilled before use.
(b.p. 99.2°C)
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3.3.11 Methylisobutyl carbinol (4-methyl-2-pentanol)

This solvent wes extracted with agueous sodium
bicarbonate, dried with anhydrous megnesium sulfate and distilled

(b.p. 131-132°)
3.3.12 Tert-butyl alcohol

This solvent wes dried with anhydrous negResum
sulfate, filtered and fractionally distilled, (b.p. 82.5°C)

3.3.13 Toluene

This solvent wes dried with calcium chloride ad
then by standing with sodium then fractionally distilled from
sodium, (b.p. 110.6°)

3.4 Purification of monomers and initiator
3.4.1 Benzoyl peroxide
The initiator wes dissolved in acetone at room

temperature and precipitated by adding two volumes of distilled
water. Dried under vacuum stored in a dessicator in the dark.
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3.4.2 Divinvl benzene (5% in ethylvinyl benzene)

Divinyl berzene wss inhibited by 01% 4-tert-
butylcatechol. This noover wes purified by washing with 106
agueous sodum hydroxide until  inhibitor wes essentially
removed, then with distilled water until all the base had been
removed, ad dried with anhydrous sodum sulfate. It wes
filtered ad distilled under reduced pressure in the presence
of cuprous chloride, without fractionation, so as to maintain
the initial composition of divinyl benzene in ethylvinyl benzene,
(b.p. 146-148 °c)

3.4.3 Styrene

Styrene  nomaver of o purity wes inhibited with 40-
5 g p-tert-butylcatechol . This nooner wes  purified by
washing with an equal wvdure bf 10% agueous solution of
sodumn hydroxide until liquid becare clear, followed by
deionized water until the litmus paper sowed that all the
bese had been renowed S5ad dried several hours  with
anhydrous sodum sulfate. Then it wes distilled before use
under reduced pressure in the presence of an inhibitor
cuprous chloride, (b.p. 142-146 °c)
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3.5 Syntheses and characterization

3.5.1 p-chloromethylstyrene or vinylbenzyl chloride (vBJd
3.5.1.1 Chlorométhylation of 2-bronioethy 1 benzene

In a 1lit three-necked flask fitted with
a reflux condenser 1thermometer ad hydrogen chloride ges
tube, were placed 2-bromoethyl berzere (444 g, 24 nmd) ad
20 m of cabon disulfide. During the course of reaction,
three seperate portions of anhydrous zinc chloride (50 Q)
ad paraformaldehyde (60 g) were added to the flask. The
reaction mixture wes immrersed with bubble hydrogen chloride ad
rigorous stirring for 20 hours at 3540°C. The reaction mixture
wes weshed with water.  The resulting organic layer wes weshed
with diluted sodum carbonate, and again with water.  After
the extract wes dried with anhydrous sodum sulfate, the carbon
disulfide wes distilled from the product, ad de unused
2-bromoethyl berzene wes recovered by vaoum distillation at
59-60°C/2 torr.

The resulting mixture of o- and p-(2-bromo
ethylbenzyl) chloride wes gotten by vecum distillation at 92°-
A°C2 Torr.  The mixture wes dissolved in 200 ml of petroleum
berzene ad the solution wes chilled overnight in a refrigerator.
The remaining liquid wes removed and the solid wes recrystallized
about several times from 200 m of petroleum benzene. Tre yield
wes 64 g (46%9; np 500-52°C.
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Spectroscopic data

IR (KBr pellet) }](om1) ; 3030, 2970, 1920, 1805, 160,
1510, 1450, 1420, 1260, 1210,
MHNWR (@CB) £(pm) ; 7.28, 7.18, 453, 351, 3.12.
13CNWR ((DC13)  8(ppm) ; 139.06, 136.06, 129.95 12877,
45.89, 38.86, 32.58.
Mess spectrum  (mYe) ; 232(m+), 197, 153 139,
117(base peak).

3.5.1.2 Synthesis of vinylbenzvl chloride

Potassium-tert-butoxide (45 g, 0.4 nmole) wes
added to 700 m of tert-butyl alcohol at 50°C. After all the
metal wes dissolved 1the solution wss cooled to the room
temperature,ad p-(2-bromoethyl benzyl)chloride(93.4 g, 0.4 nole)
wes added to the solution.  The mixture wes stirred for two
hours at 3s5°c.  Then the mixture wes poured into 2 litres of
water ad extracted with ether. The extract wes dried with
anhydrous sodum sulfate. The ether wes removed under reduced
pressure ad the rest wes distilled in the presence of cuprous
chloride to obtain s51.5 g of vinylbenzyl chloride (0.34 nol, 85%;
bp. 90°-94°C/2 Torr.
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Spectroscopic data

IR (\NeQ cell) “~cm-1) ; 3070, 3000, 2940, 2330, 1905,
%NVR ((C13) :n (o) ; 7.46, 7.42, 6.81, 5.94, 5.39,
4.62.
ICNWR  ((DCI3) i (M) ; 13640, 129.00, 126.67,
114.60, 46.21.
elemental analysis calcd 4 ¢ 70.83% H59%4% 4 2323%
found ; ¢ 71L1”4 H571% cl 2312%%

3.5.2 Crosslinked polymers hy suspension polymerization

3.5.2.1 Effects of solvent on the formation of
cross linked polymers with 10% DB

The suspension polymerizations were carried
out in 20 nl resin reaction flask with water-cooled condenser
ad mechanical stirrer. Fasks were immersed in a thermostated
oil bath to maintain constant temperature at 80°c. A
then 110 M of deionized double distillation water wes placed in
a 20 m beaker. Gelatin, poly(vinyl pyrrolidone), axd boric
acid were dissolved in water ad pH of the solution wes
adjusted to about 8 with 52 agueous sodum hydroxide solution.
Only after the pH adjustment did the agueous mixture becore

clear. The entire mixture wes added carefully to the flask.
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A solution of styrene (8.33 g, 8 nmd)

divinyl benzene (2.60 g, 10 nmd) , vinylbenzyl chloride (1.53 g,
10 o) and methyl isobutyl carbinol(6.23 g) were added slowly to
the flask. This wes followed by addition of benzoyl peroxide.
Nitrogen wes swept through the flask for D min, ad a slight
positive pressure of nitrogen wes maintained throughout the
polymerization. Heating wes switched off 10 hours after

the introduction of the reaction mixture.

The beads were decanted ad then steam
distiHated to remowe the remaining solvent. Then, the polymers
were boiled in toluene for 24 hours. Finally, they were dried
for 20 hours at 100 °C under vacum Sieving wes applied to
separate the 0.07 to 014 nmdameter fraction.

Suspension  polymerization  of styrene
divinyl benzenre and vinylbenzyl chloride wes conducted in
the sae way as mentioned above except the other solvent
wes used instead of methylisobutyl carbinol as the sare content.
These solvents were isooctane, 1-butanol, cyclohexanal,
cyclohexanone and toluene. Finally, polymeric supports were

measlred scanning electron microscope ad surface area.
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3.5.2.2 Preparation of crosslinked polymers

A typical copolymerization for each
crosslinked wes prepared. Following the method in 3.5.2.1, the
0 ad % of crosslinking agent were polymerized  with
composition shoan in Table 3.2. A then the polymeric supports
were measured scanning electron microscope , surface area |

and thermal analysis measurements.
spectroscopic data

FT-IR (KBr pellet; m P43 3024, 2018, 1601,
1492, 1449, 1267,
698.
P10 3024, 29211 1601
1492, 1450, 1%/
60.
P20 . 3024, 2921, 182
1491, 1449, 1S
70L
elemental analysis PX3 € 83.13% H7.624 cl 32%
PX10 ¢ 8960% H7.23% A 31M%6
PX20 C 89%9% H791% A 315%
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Table 3.1 Composition of suspension polymerization at different

percent of DB
1
Percent of DB
Comporents (9)

3 10 0

Styrene (Q) 9.06 8.33 7.29

Divinyl benzere (g) 0.78 2.60 521

vinylbenzyl chloride (Q) 153 153 153

Gelatin (%) 2.20 2.01 1.78

Poly(vinyl pyrrolidone) (% 0.97 0.S8 0.7S
J

3.5.3 Anchoring anthranilic acid to poly(styrene-co-
divinyl benzene-co-vinvlbenzvl chloride)

3.5.3.1 Effect of solvent

The polymeric support with 106 DVB0.50 g,
0.3032 mequiv of A based on modified volhard method)suspended in
10 M of acetone wes added anthranilic acid ( 0.30 g,
2.19 nmmol). The mixture wes vacuum ovened for 24 hours at room
temperature. After triturating the beads thoroughly with
absolute ethanol, the following procedure wes typical.
Anthranilic acid wes anchored to the beads by stirring the
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beads with an excess of anthranilic acid in dimethyiformamide
and diethyl ether. The polymeric supports with 3 ad 26 DB
were anchoring in  the sare condition with the polymeric support
with  106DAB

3.5.3.2 Effect of time

The polymeric support with 10%DVB0.50 g,
0.3032 mequiv of cl based on modified volhard method)suspended in
10 M of dimethylformamide wes mixed with anthranilic acid
(0.30 g , 219 mm). The mixture wes vacuum ovened for 18 hours
at room temperature, filtered, and weshed with absolute ethanol.
The following procedure wes typical. Anthranilic acid wes
anchored to the beads by stirring them with an excess of
anthranilic acid for 20, 22, 24 add 26 hours. The polymeric
supports with 3 and 20% DB were anchoring in the sare condition

with the polymeric support with 106 DB

3.5.3.3 Effect of temperature

The polymeric support with 10%DvB0.50 g,
0.3032 mequiv of A based on modified volhard method)suspended in
10m of dmethylformamide wes mixed with anthranilic acid
(0.30 g, 219 mml). The mixture was vacuum ovened for 22 hours
at room temperature, filtered, and weshed with absolute ethanol.
The following procedure wes typical. Anthranilic acid wes
anchored to the beads by stirring them with an excess of
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anthranilic acid for 50°, 70°, 80°, 90° and 100°c. The polymeric
supports with 3 and 206 DB were anchoring in the sare condition
with the polymeric support with 10/ DB

3.5.3.4 Preparation of poly(styrene-co-divinyl
benzene-co-vinylbenzyl chloride)
anchoring anthranilic acid

The polymeric  support with 1% DVB5.00 g |
3.032 mequiv of A based an modified volhard method) suspended in
10 m of dimethylfformamide wes Mixed with anthranilic acid
(060 g , 4.38 mmml). The mixture wes vacuum ovened for 22 hours
at 90°c, filtered, and weshed with absolute ethanol. Then, the
polymeric ligands were determined thermal analysis. The polymeric
supports  with 3 ad 2% DB were anchoring with anthranilic acid
in the sare way.

Spectroscopic data

FT-IR (KBr pellet)  (ppm) ; PL-3 3024, 2919, 1686,
1601, 1492, 1450,
698.
3024, 2920, 16%5,
1601, 1492, 1450,
699.
1602, 1492, 1450,

699.
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elemental analysis PL-3 ¢ 80.08% H7.75%
N 056% 0261%
PL-10 c 89.24% H7.72%
N 054% 0250%
PL-20 c 835%4 H7.73%
N 054% 0314%

3.5.3.5 Chloride analysis by modified volhard method

The polymeric  supports were accurately
weighed 200 ng in a test tube and heated with pyridine 3 nm for
3 hours at 100°c.  Contents were quantitatively transferred into
a 15 m conical flask with 5% acetic acd 0 m ad
concentrated nitric acid 5 m wes then added.  The mixture wss
stirred for 3 minutes. Ferric aum indicator 3 drops ad
standard silver nitrate solution (10 m, 0.10 N were then added
with stirring. The sides of the flask were weshed with
minimal aout of distilled water, ad toluene 10 M wes added
to the flask. The solution wes titrated against standard
potassium thiocyanate with the mixture being constantly stirred
with a magnetic stirrer.  The first permanent tinge of red-broan
wes taken as the end point.
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3.5.4  Complexation and reduction of poly(styrene-co-
divinyl benzene-co-vinyl benzyl chloride) anchoring
anthranilic acid and rhodium!Il1) chloride.

3.5.4.1 Formation of rhodiurn(l) polymer-bound
catalysts

A mixture of anthranilic acid anchored
beads with 106DB (4.00 g , 02570 md of N wes stirred for
24 hours with rhodium trichloride (0.10 g , 0.38 mmd) in
sodium ethoxide solution and then the mixture wes veouum ovened
overnight for completely complexation of over all beads. After
filtration, the beads were weshed with 200 ni of absolute
ethanol, . suspended in 5 m of absolute ethanol and treated with
sodium borohydride (0.1 g). After 0.5 hour the beads were weshed
with ethanol and air dried.

3.5.4.2 Determination of rhodium incorporation

3.5.4.2.1 Preparation of standard
calibration curve

In a typical procedure , rhodium
trichloride (3.5 ng 0.0167 nmd) wes weighed accurately ad
dissolved with S¥6 potassium hydroxide solution 2 ml. After that
it wes transferred to a volummetric flask to neke a wdure of
10 m.  The solution were 0.8606 gmand 1.7212 gom of rhodium
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it wes transferred to a volunraetric flask to neke a viure of
100 ml.  The solution were 0.8606 gomand 1.7212 gamof rhodium
were prepared from the original solution by dilution. These
solution were then used to prepare a calibration curve by plotting

absorbance  with concentration at 23348 mmwith IGPS techniques.

3.5.4.2.2 spectrophotometric determination
of rhodium incorporation

Rnodum  polymer-bound  catalysts
with 3, 10 ad 20 % DB were weighed accurately about 0.1 g ad
placed in three combustion boats. Then, they were introduced to
the furnace at 500°c. After that they were digested with agua
regia until they dissolved and neutralized with 5% potassium
hydroxide solution until they were the basic solution. Finally,
they were introduced to the volummetric flasks to nde voure
to 5 m with double distillation water. These solutions were

determined rhodium content by IGPS techniques.

3.5.5 Preliminary study of catalytic cyclohexene
hydrogenation using rhodium!l)
polymer-bound catalysts

The substrate (40 ml, 0.4 mol), cyclohexene, ad
Rh(I) polymer-bound catalysts with 36DB were introduced to

hydrogenation reactor and then the cover with thermocouple,

inlet hydrogen gas way , ad outlet hydrogen ges way were
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reactor to pressurize to 60 psig. The reactor wes started
with stirring the mixture. Sanrples were withdranmn  from  the
reaction mixture at regular time intervals and were analyzed by
gas-liquid chromatography. Until the reaction wes completed, the
stirring wes stopped.

In a typical procedure, Rh(l) polymer-bound catalysts
with 10 and 206 DB with a sare rhodium content were used. The
catalyst wes removed by filtration and weshed by absolute ethanol
solution until the solution becane clear. The catalysts

were checked the rhodium leaching content by ICGPS techniques.

Table 3.2 The weight of polymeric catalysts used
in cyclohexene hydrogenation

Polymeric catalysts weight (0)
PG3 123
PG10 15

PG20 172
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3.5.6 Characterization of polymer-bound catalysts

3.5.6.1 Fourier-transform Infrared spectroscopy

FT-IR  spectrometer wes used to obtain
fourier-tranform infrared spectra. The noares were  determined
neat ad the polymers as KB pellets. The polymers were grinded
ad dried in vaoum oven to nake sure that the solvent were
removed completely.

3.5.6.2 % and Nuclear Magnetic Resonance
spectroscopy

Nuclear magnetic resonance spectra were
obtained on 20 Mz .  Deuterated chloroform(CDCls) wes used
a the solvent ad tetramethylsilane(TMS) wes used as the
internal standard. For "HNVR spectra , values were reported
in gam from MG Abbreviations were used: s=singlet, d=doublet,
t=triplet, g=quartet, m=multiplet.

3.5.6.3 Elemental analysis (c, Hand N )

The carbon, hydrogen and nitrogen content
were nmessued by QN elemental analyzer. The polymers were
weighed by ultramicrobalance and then they were placed in sanple
holder. They were oxidized in combustion zone under pure

oxygen ges atmosphere.  The carbon , hydrogen and nitrogen were
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oxidized to carbon dioxide 1 vapor ad nitrogen ges
respectively. All of gases were passed to gas control  zoe
where the pressure, temperature add vounme were determined.
Each gas wes separated ad detected quantitatively by thermal
conductivity detector in separation zone ad detector zore,
respectively. The percentage of each ges wes calculated as soan
in appendix |1.

3.5.6.4 Gas-liquid chromatography

About 0.3 nml of mixture from cyclohexene
hydrogenation wes drawn out of the botb reactor ad then it wes
neck to Poof mixture in hexane. 0.6 microlitre of this solution
wes injected to gas-liquid chromatography with a flame ionization
detector. Nitrogen ges wes used as carrier gas with flowrate
43 mi/min. A capillary cdum (25 m* 0.2 nm filled with OV1-01
wes used. The temperature of the injection port wes 150°C ad
the temperature program wes starting from 50°c for 3 min ad
then the rate 10°c/min wes used to raise the temperature to
100°c and stand for 1 mn. Fom this temperature to 150°C
wes increased with the rate 5 °c/min ad stand for 10 min

before cooling doan



3.5.6.5 Texture determination
3.5.6.5.1 Scanning Electron Microscope(SEM)

For morphology studies, bead size
ad shape were determined with a scanning electron microscope.
About 5 beads were selected at random and measured. The overall
ad half sectioned beads were nounted on a copper stud and then
coated under vacuum with a thin layer of gold.

3.5.6.5.2 Surface area measurement

The surface area wes obtained
from nitrogen adsorption measurements following the BET method
Polymer were accurately weighed and filled in the BET standard
glass cell. The gas mixture of helium and nitrogen ges
were passed into this system with flowrate 3 anvinin.  Ad  then
polymers were degassed at 100°C for two hours to get rid of
moisture and other impurities which mght remain in the pores
of these polymers, they were then cooled to room temperature.
Then, these polymers were chilled in liquid nitrogen. The
amout of nitrogen desorped wes nmeaswred by using T detector.
The 1 an3of nitrogen gas wes injected behind the detector.

Standard nitrogen peak ad polymer peak were calculated
following the equation below.
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B =svm

when vm= V(I-P/PO0)

Vo= [( 2 1)(273.15T)]iw

S surface area of catalyst sanple, n2/g
surface area of nitrogen gas, nZ/cc

vmamout of adsorption to cover the surface,cm?2 at
NTP/(g of catalyst sarple

V' amout of adsorption at the equilibrium,0nm3 at
NTP/g of catalyst sanple

p equilibrium vapour pressure of nitrogen gas

Ry saturation vapour pressure of nitrogen ges

weight of catalyst sanple
3.5.6.5.3 Total pore volume measurement

The total pore volume is derived
from the amout of vapor adsorbed at a relative pressure close to
unity , by assumng that the pores are then filled with liquid
adsorbate. The vdure of nitrogen adsobed (vald can be
converted to the wdumre of liquid nitrogen (Vjjq) contained in

the pores using following equation.

Aig ~ "a"ads™m
Rr
when Paad T are ambient pressure and temperature,
respectively and vmis the molar voume of the
liguid adsorbate (34.7 ax®mol for nitrogen).
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3.5.6.6 Themdl analysis
3.5.6.6.1 Differential scanning calorimetry

Diferential Scanning Calorimetric
OO0 messuremert were conducted on 10 ng spednens at a
heating / cooling rate of 10°c/min from ambient temperature to

500°C under a static atmosphere  in nitrogen atmosphere.  Tre
melting point ad heat of fusion were obtained from the peak

temperature and pesk area of the endothermic peak, respectively.
The relative thermal stability of the experiment resins wes
guantitatively estimated by comparing temperatures for a

particular degree of weight loss.

3.5.6.6.2 Differential thermal analysis

Differential thermal  analysis
(O  measurements were conducted on 10 ng on a gpened cell at a
heating rate of 10°c/min from room temperature to 200°C under
nitrogen atmosphere with a rate of 30 ml/min.  The sensitivity
wes 5 volt ad chart speed 2.5 nmmimn
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