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90 K. WATABE, S. SUZUKI, S. ARAKI

Generally, the molecular arrangement of liquid crystals is significantly affected
by the conditions. An electric field may promote the molecular arrangement and/or
may give rise to the molecular rearrangement. Such liquid crystals are called field
effect type liquid crystals.

Rogers et al.6 investigated a field effect type liquid crystal, Vali Light A, as a
liquid phase for GC: the retention behaviour and column efficiency for seyeral kinds
of organic compounds were examined in the presence of alternating current (a.c.)
and direct current (d.c.) electric fields. They reported that application of the electric
field increased retention values and sharpened peaks. They also studied a cholesteric
liquid crystal capillary column with an applied electric field 7 ,8. The apparent capacity
ratio of the liquid crystal stationary phase was increased, and the peak fronting
phenomenon was a function of both the dielectric constant of carrier gas and the
strength of the field.

There have been, however, no detailed investigations on the strength of the
electric field. In the course of our experiments, using a d.c. electric field, we discovered
that some solutes were extensively retained in the column. This "adsorption" phenom­
enon, which results in the reduction of peak size on application of the electric field,
increased with increasing field strength. Further, we found that the peak of o-dichloro­
benzene did not elute from a cholesteryl palmitate column, when a field of 500 V was
applied across the column. This adsorption phenomenon may lead to a new identifi­
cation technique in GC.

EXPERIMENTAL

Materials
All reagents used were analytical grade, and each sample injected into the gas

chromatograph was dissolved in n-hexane (2000 ppm). Cholesteryl palmitate (cho­
lesteric mesophase in temperature, 80-146°) and p-dianisal-3,3'-dichlorobenzidine
(nematic mesophase, 144-330° dec.) were obtained from Tokyo Chemical Industry
(Tokyo, Japan), andp-azoxydianisol (nematic mesophase, 116-136°) and aV-17 from
Nishio Industry (Tokyo, Japan). Liquid crystals were used without further purifica­
tion. Fine metal wires (0.150 mm diameter) made of stainless steel or nickel were
obtained from Nishio Industry and Nippon Denkyu (Tokyo, Japan), respectively.
Sealbest P-246, an electroconductive resin, which is composed of fine carbon and
silver suspended in the dispersoid solvent, was obtained from Tokuriki Kagaku
Institute (Kanagawa, Japan).

d.c. generator
A laboratory-made d.c. generator was used (capacity, 5 kV x 10 rnA).

Gas chromatography
An F & M Model 810 gas chromatograph equipped with a flame ionization

detector was modified so that a glass capillary column of special conformation could
be connected.

The GC conditions were as follows: injection temperature, 200°; detector
temperature, 230°; column temperature, mesomorphic temperature; carrier gas,
high-purity nitrogen; flow-rate, 0.5-1.5 mljmin; sample size, 1 ,ul; split ratio, 1:20.





























104 K. SEIFERT, G. KRAUS

Ahnlichkeit der seitlichen Anordnung der Molekiile in den smektischen Ebenen der
3 Modifikationen zuriickgefiihrt werden kann.

Bemerkenswert sind jedoch die verschiedenen Trends deT LlH2-WeTte von
disubstituierten Benzolisomeren an smektisch C und A und der daTaus resultierende
kleinere Rotations-Schwingungsenergieverlust des p-Isomeren gegeniiber 0- und m­
Isomeren im smektischen C-Bereich.

Bei der Phase OHOPP waren die partieJIen molaren Losungsenthalpen deT

Substrate (TabeJIe V) bei smektisch C grosser als bei smektisch A. Danach miissten
die Verluste an Rotationen und Schwingungen eines Substrates beim Dbergang aus
der idealen Gasphase in die smektische C-Phase grosser sein als beim Obergang in
die smektische A-Phase.

TABELLE V

PARTIELLE MOLARE LOSUNGSENTHALPIEN UND LOSUNGSENTROPIEN AN OHOPP
,1H,-Werte in kcal/mol; ,1S,-Werte in cal/mol· oK.

---------
Subs/rat Smektisch C Smek/isch A Iso/rop

(bei 40 DC) (bei50 DC) (bei 76 DC)
----

,1B, ,152 ,1B, ,152 ,1B2 ,1S,

o-Xylol -8.83 -29.18 -6.40 -20.91 - 8.63 -24.18
m-Xylol -8.63 -28.80 -6.94 -22.51 - 8.11 -22.83
p-Xylol -8.38 -27.44 -6.59 -21.12 - 8.05 -22.47

o-Chlortoluol -8.82 -29.31 -7.67 -24.77 - 9.24 --25.74
m-Chlortoluol -8.82 -30.30 -7.36 -24.20 - 9.03 -25.35
p-Chlortoluol -8.54 -29.10 -7.23 -23.72 - 9.31 -26.14

o-Bromtoluol -9.18 -30.02 -7.59 -24.61 - 9.98 -27.96
m-Bromtoluol -9.11 -30.77 -7.62 -25.40 - 9.81 --27.62
p-Bromtoluol -8.51 -27.33 -8.34 -26.72 -10.16 -28.36

0-Dichlorbenzol -8.41 -27.40 -7.77 -24.90 - 9.98 -27.77
m-Dichlorbenzol -7.91 -26.15 -7.59 -24.50 - 9.71 -26.09
p-Dichlorbenzol -7.51 -24.90 -7.28 -23.71 - 9.89 -27.34

Toluol -6.81 -22.50 -6.19 -20.03 - 7.25 -20.16
Athylbenzol -8.39 -27.66 -6.90 -22.55 -- 7.91 -22.23
Cumol -8.75 -29.10 -7.54 -24.75 - 8.23 -23.42
Benzaldehyd -8.23 -27.00 -6.85 -21.30 - 9.31 -23.73

n-Octan -8.32 -28.61 -7.61 -25.78 - 8.18 -24.42
n-Nonan -9.36 -32.12 -8.31 -28.18 - 8.82 -26.38
n-Decan -9.55 -32.60 -9.27 -31.25 - 9.58 -28.37

n-Hexanol -9.30 -33.60 -8.27 -29.72 -10.37 -29.97
Cyclohexanon -7.13 -25.07 -5.43 -19.42 - 7.68 -21.35
Cyclohexanol -8.85 -33.55 -6.46 -- 22.61 - 9.03 -25.95

--------

Ein analoges Verhalten wird bei smektisch C und nematisch von BHOAB
beobachtet (Tabelle VI).

Beim Dbergang aus der idealen Gasphase in eine smektische C-Phase miisste
ein Substratmolekiil einen haberen Rotations-Schwingungsenergieverlust haben als
beim Obergang in eine nematische Fliissigkeit, worauf die haheren partieJIen molaren











































RESPONSE OF ECD TO ALKYL MONOCHLORIDES

CONCLUSIONS

125

Regardless of the cause of the non-linearity of response of the 63Ni ECDs to
alkyl chlorides, which as been characterized here but not identified, it seems likely
that this may constitute a common source of error wherever the ECD is used for the
analysis of simple alkyl chlorides. Although we have altered our experimental con­
ditions in many ways, we have as yet been unable to obtain linear responses to these
compounds using the normal ECD carrier gases. If calibration curves are unwittingly
prepared for alkyl monochlorides from the measured responses of a few high con­
centration standards (which is often the easiest procedure) and by forcing the calibra­
tion line to pass through zero response at zero sample concentration, very large errors
in subsequent analyses of small sample sizes will result. In spite of the wide linear
dynamic range commonly associated with the constant-current ECD, it remains
necessary to carefully check the response of the instrument over the entire concen­
tration range to be used for each type of compound analyzed. The basis of the non­
linear calibration curves described here is under continued investigation in hopes that
this GC detector might be more completely understood and controlled. The use of
oxygen-doped carrier gas is strongly recommended in the analysis of alkyl mono­
cWorides by the ECD as higher sensitivity and a linear calibration curve are thereby
enjoyed.
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ION-EXCHANGE DERIVATIVES OF SPHERON. III. 163

ruption of the operation; it was built at the Institute of Organic Chemistry and
Biochemistry. The proportional pump was manufactured in the Development Works
of the Czechoslovak Academy of Sciences (henceforth referred to as Development
Works). The ion-exchange column, its fittings and the manometer were those used
in amino acid analysers (Development Works and Laboratory Instruments Works).
Flow ultraviolet analysers (285 and 254 nm) and the line recorder (R2) were from the
Development Works. The recorder EZ 4 and fraction collector (denoted by FC) were
manufactured at the Laboratory Instruments Works, Prague. The equipment was
provided with a pulse generator (Institute of Organic Chemistry and Biochemistry),
allowing fractions from the collector to be recorded with both recorders. In the
collected fractions, pH was measured with a compensation pH meter (Development
Works) and the electric conductivity was recorded with an OK-I02/1 conductivity
meter (Radelkis, Budapest, Hungary). In addition to measurements of capacity, all
the pressure chromatographic analyses of proteins were also performed using this
equipment.

Determination of the capacity of ion exchangers for proteins by the dynamic method
(on a chromatographic column)

The determination was carried out using the equipment described in the
preceding section and shown in Fig. 4. The ion exchanger of known volume in the
column (IK) was equilibrated with a sorption buffer (of low ionic strength). The
buffer was then replaced with a protein solution in the sorption buffer within the
whole system including the head of the column.

Sorption. The protein solution was pumped on to the ion exchanger. As soon
as breakthrough of the protein was observed, the elution volume was recorded. The
protein solution was allowed to pass through the ion exchanger until its concen­
tration in the effluent remained constant.

Washing. Only pure sorption buffer was pumped on to the ion exchanger, until
the recorded absorbance line dropped to the baseline.

For desorption of the protein a linear gradient of the desorption buffer was
applied (high ionic strength), which was followed by isocratic elution with the
absorbance line dropped to the baseline. Then the effluent volume was measured in
which the amount of eluted protein was determined spectrophotometricaIIy. This
procedure is illustrated in Fig. 5 by the determination of the capacities of four cation
exchangers for serum albumin.

Other methods
The ion exchangers prepared in this work were characterized by the determi­

nation of the nominal capacity for small ions3 , by titration curves7, by the non­
penetratable volume3 and by measurements of the specific inner surface area by the
one-point method. The capacity for serum albumin was determined by the static
(batch) method in a slowly rotating test-tube7 using buffer A (0.01 M ammonia +
acetic acid, pH 5.0) for sorption and buffer B (0.1 M ammonia + acetic acid, pH 7.0,
2 M with respect to sodium chloride) for desorption.

Before the first application and between the particular chromatographic
experiments, the ion exchangers were regenerated and cyclized on a fritted disc; the
ion exchanger was mixed with an approximately 3-fold volume of the regenerant, the

























DEHYDROXY-FLUORINATION IN GC OF PHOSPHATE DIESTERS 175

stirred I h, refluxed 6 h and allowed to stand at room temperature overnight, pro­
tected from moisture by a CaClz-trap, before filtration and vacuum distillation. A 27 %
yield of DBPC was achieved by this procedure but GC analysis of this product
revealed a 10 %contamination with tributylphosphate (TBP). However, this impurity
was not removed because it served as a convenient internal standard (IS). The DBPC
preparation was stored in a round-bottom flask with ground-glass stopper in a
desiccator over dry CaClz. Hydrolysis to DBP was carried out daily on a 3-.ul aliquot
of a solution containing 120.u1 OBPC diluted to I ml with THF. This 3-.ul aliquot
was added to 60.u1 ofTHF and 30.u1 of water, and the combined solution was heated
at 60 to 90° for 15 min before the solvents were evaporated under a gentle stream of
nitrogen. The residue was treated with methylene chloride or dimethoxypropane and
re-evaporated to remove traces of water, and was finally redissolved in 250.ul ofTHF.
From this solution, 3-.ul aliquots corresponding to 20 nmol of DBP were transferred
to reaction vials for derivatization and GC analysis.

HF-THF. Solutions of HF in THF were prepared by bubbling HF from a
lecture bottle through dry, redistilled THF contained in a 2-oz. polyethylene jar,
using a 0.25-in. O.D. PTFE tube connected to the HF lecture bottle valve. Contact
with atmospheric moisture during bubbling was minimized by using a cap on the
jar with a hole drilled just large enough to accept the PTFE tubing. This procedure
was conducted in a fume hood to avoid exposure to HF. The HF-THF solution was
standardized by pipetting a 100-.u1 aliquot into 15 ml of water, and titrating the HF
to the phenolphthalein end point with standard NaOH solution. Generally, HF
concentrations of about I M were prepared, and the tightly capped jar was stored
in a desiccator over Orierite for a maximum of two weeks before replacement.

COClz-THF. A stock solution of COClz in THF was prepared by directly
bubbling COCl z into THF contained in a 2-oz. polyethylene jar in a fume hood,
similar to the procedure used for preparing the HF-THF solution. The concentration
of COClz was estimated by pipetting 100.ul of the solution into 15 ml of well-stirred
standardized NaOH solution and titrating the excess base with standard HCl solution
to the phenolphthalein end point. Generally, a concentration of 0.04 M COClz was
prepared and this COClz- TH F reagent was stored like the HF-THF reagent.

AgF-CH3CN. Powdered AgF was slowly stirred into CH3CN at a ratio of
3 mg AgF per ml CH3CN. The mixture was warmed slightly (30-35°). After cooling
the solution, the excess AgF was removed by centrifugation for 3-5 min using a
bench-top clinical centrifuge. Gravimetric analysis of the residue obtained from
evaporating aliquots of the solution indicated an AgF concentration of23.0 ± 0.6 mM.

Derivatization reactions
Safety precautions. It is to be emphasized that the ability of some dialkylphos­

phorofluoridates (such as diisopropylphosphorofluoridate) to inhibit neural cholin­
esteraseZ1 makes fluorinated DBP derivatives potentially quite hazardous, and extreme
care must be exercised in their generation and handling. However, generation and
sampling under sealed containment can be accomplished conveniently by the use of

. O.3-ml reaction vials with PTFE-lined septum caps. The DBP substrate in these
derivatizations was pipetted into the vials, the vials then sealed, and the dehydroxy­
fluorination reagents were introduced through the septum with graduated 100-.ul
Hamilton syringes. Heating was conducted in a metal heating block as previously















































198 D.-S. HSU, S. S. CHEN

ATP, respectively. Two fractions, tubes 29 and 30, containing high ADP were com­
bined and neutralized to pH 7.4 with Tris-base. Analytical column chromatography
showed that it was pure and contained 7.78 mM ADP. Other ADP fractions, 25-28
and 31 were combined, neutralized and concentrated by ultrafiltration on a Diaflo
UM-05 membrane to 9 m!. This was also chromatographically pure and contained
17 mM ADP. AMP fractions, tubes Nos. 14, 15 and 16, were combined, neutralized
and concentrated by the ultrafiltration to 10.2 m!. The resulting solution was analyzed
by the analytical chromatography to contain 9.25 mM AMP and to be pure. 97 %
was recovered by the ultrafiltration.

As shown in Fig. 3, two small peaks, tubes 43 and 49, corresponding to
ATP peak were obtained. They could only be partially separated by analytical chro­
matography after being neutralized with Tris-base. This indicated a trace contamina­
tion of other nucleotides which could not be detected by the analytical chromato­
graphy. The first peak corresponded to 0.025 % and the second peak to 0.35 %of
ATP calculated by the total absorbance. Therefore, this procedure is not only con­
venient and efficient for the purpose of purification but also can be used for the
detection of trace amounts of contaminated nucleotides.

Since isolated nucleotides were in dilute HCI solutions, they could be con­
verted to desirable cationic salts by neutralizing with proper bases. The neutraliza­
tion could also be accomplished by passing the acid solution through Chelex 100
resin preconditioned to a desirable cationic form, and washing the resin with distilled
water. Nucleotides were recovered in the void volume.
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Identification des produits de pyrolyse de la cis-dtkaline

P. BREDAEL et D. RIETVELDE

Universite Libre de Bruxe/les, Service de Chimie Generale-Radioactivatioll, Foculte des Sciences
App/iquees, 50 Avenue F. D. Roosevelt, 1050 Bruxelles (Belgique)

(Reryu Ie 25 octobre 1979; manuscrit modifie rer;u Ie 10 decembre 1979)

Dans un precedent article!, nous avons deja decrit Ie craquage thermique des
decalines entre 873 et 1223 oK. Les resultats obtenus montraient la formation de
quantites importantes de composes aromatiques legers, atteignant 34% en poids a
1173 oK.

Les mesures effectuees permettaient de penser que les composes aromatiques
etaient issus de cycloalcanes et cycloalcenes, eux-memes formes dans une etape pre­
cedente du mecanisme de pyrolyse de la decaline.

L'objet du present travail est d'identitier les premiers composes formes lors de
la pyrolyse qui, par leurs mecanismes propre de craquage thermique, meneront aux
hydrocarbures aromatiques.

PARTIE EXPERIMENTALE

Les experiences ont ete realisees tout d'abord dans un appareillage de pyrolyse
a pression atmospherique decrit dans la Fig. I. Le reacteur en verre de silice, d'un
diametre interieur de 6 mm permet un temps de sejour dans Ie reacteur de 0.2 sec
minimum.

Un appareillage de pyrolyse instantanee dans lequel un microreacteur de
1 mm de diametre interieur est directement raccorde sur Ie bloc d'injection d'un chro­
matographe en phase gazeuse, decrit dans la Fig. 2, et permettant d'atteindre des
temps de sejour dans Ie reacteur de 5· 10-4 sec a egalement ete utilise.

Les conditions de travail et d'analyse sont rassemblees dans Ie Tableau 1.

RESULTATS ET DISCUSSIONS

Les resultats obtenus sont illustres dans les Figs. 3 et 4.
Deux series de mesures ont ete realisees. L'une dans l'appareil I, a 923 oK,

entre 0.6 et 1.4 sec de temps de sejour dans Ie reacteur (Fig. 3); l'autre dans l'appareiI2,
pour 5.10-3 sec de temps de sejour dans Ie reacteur, entre 935 et 1055 oK (Fig. 4).

Les Tableaux II et III rassemblent les produits identifies par reference aux
indices de Kovats prealablement determines et contimes par la litterature2

•

Les diagrammes presentes montrent c1airement que les produits initiaux de
craquage sont Ie 1,7-octadiene, Ie cyclohexene, Ie 1,3-cyclohexadiene, I'Hhyl-l,4-
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