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THE SPECTRAL ANALYSIS OF AMPLITUDE
SCINTILLATION AT FU JEN

JoHN R. KoSTER AND ELin PEnG WANG

Department of Physics

ABSTRACT

It is shown that, in spite of the presence of a large doppler-
induced component in the radio signal radiated by earth satellite
ETS-2, it is possible to produce useful spectra of the amplitude
variations of the received radio waves. The power spectrum of
data taken during periods of strong scintillation gives convincing
evidence of severe multiple scattering of the wave, and points to the
equatorial bubble formation mechanism as the physical cause of the
ionospheric irregularities responsible for the scintillations. Some
very mild scintillations have also bzen observed. The typical
“summer time” scintillations previously observed during June and
July at Fu Jen were nearly entirely absent during the summer of
1989, and the problem of their physical cause is still to be solved,

1. INTRODUCTION

Satellite ETS-2 is in an equatorial earth-synchronous orbit at
longitude 130°E. and at a nominal height of 35,800km. As an aid to
ionospheric studies its design included provision for the production and
radiation of a constant amplitude, plane polarized wave at a frequency
of 136.112 MHz (wavelength=2.2 meters). From a study of the variation
in amplitude, phase and polarization angle of the received signal, an
observer on the ground is able to deduce some useful information
about the state of the ionosphere through which the wave has passed
on its journey from satellite to receiving aerial. In this study we shall
ignore phase as well as polarization angle variations and consider only
the variations of the signal amplitude as a function of time. Such
amplitude variations in a radio wave are usually referred to as scintilla-
tions, since they are analogous to the variations in apparent brightness

or twinkling of visible stars,
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2. WEAK SCINTILLATIONS

A radio wave, in passing from satellite borne transmitter to earth-
bound receiver, must pass through the ionosphere. Often, especially at
middle latitudes, it is appropriate to think of this as a thin slab
of partially ionized gas, containing relatively small electron density
irregularities which have a small scattering effect on radio waves. An
incident plane wave emerges from the slab with constant amplitude,
but with small variations in phase across the wave front. As the wave
proceeds from slab to ground, these phase variations develop into a
corresponding pattern of amplitude variations. In our case the satellite
is fixed in position relative to the observer, but the ionospheric ir-
regularities themselves have a drift motion, normally eastward at night.
And so the amplitude pattern drifts over an observing site, leading to
an observed variation in the wave amplitude as a function of time—
amplitude scintillations.

The mathematical description of this single scattering or thin screen
type of scintillations is difficult, but manageable (see, e.g., Crane®”,
Lovelace®, Rino®™, Rufenach®”, Singleton®?, Tatarski‘”). It predicts,
among other things, that if one determines the power spectrum of the
amplitude variations observed on the ground, the falloff portion of the
spectrum will, at least in the ideal case, have a slope of —2.

3. STRONG SCINTILLATIONS

When the restrictions of a thin, single-scattering layer are relaxed,
the mathematics of the problem become exceedingly involved (see, e. g.,
Marians”, Yeh®). The wave is now scattered not only once, but
repeatedly; and not only through a very small angle, but through
relatively large angles. However, one relatively simple prediction of
theory still survives. Even under conditions of strong scintillation, the
power spectrum should roll off with a constant slope. Values of this
slope will no longer be —2, however, but it will normally become
much steeper. Slopes of —5 or —6 are common during times of severe

scintillation,
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4. THE NEED FOR SPECTRA

Ionospheric disturbances, as we have mentioned above, can and do
manifest themselves by producing variations in the signal amplitude.
It is possible to record these radio wave amplitude variations on a
moving paper chart, or store them as digitized values in the storage
medium of a computer, and this is routinely done. In the analysis of
these data, however, it is frequently more useful to express the
amplitude variations as a function of frequency rather than as a
function of time.

This is conceptually simple—one merely takes a finite length of
record of amplitude versus time and transforms it, via the well known
Fourier Transform technique, to a function of amplitude versus
frequency. Given the prevalence of digital computers and their ability
to implement the Fast Fourier Transform (FFT) algorithm, the actual
task is equally simple to implement.

If the amplitude of the received signal were truly constant, one
would expect its spectrum to show low-level variations of amplitude
with frequency (electrical noise) but no spectral peaks.

Figure 1 shows part of the spectrum of a daytime record taken at
the ionospheric physics lab at Fu Jen, using our best receiver and the
maximum attainable signal to noise ratio. Since there is little scintilla-
tion during the day at our station, one would expect to see little
more than the inevitable background noise. The spectrum does indeed
show the background noise, with noise power decreasing slowly with
increasing frequency, as would be normal. But another feature is much
more striking—a huge spectral peak at 6.24 Hertz, 50db (i.e., a factor
of 100,000) above the noise level. This component is real, not just a
random noise “spike”, or artifact of a particular record. The present
spectrum was produced by averaging 48 individual spectra, each deter-
mined from an analysis of 1,024 readings. The observant reader will
notice that there are several other much weaker spectral components

present also, These will be mentioned later,
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Fig. 1. The lower frequencies of the spectrum of ETS-2 when
there is no scintillation. Noise and the doppler
component of the signal appear.

5. ORIGIN OF THE SPECTRAL PEAK

The origin of the 6.24 Hz spectral peak is easily explained. The
satellite uses a so-called “turnstile” aerial, consisting of two dipoles at
90 degrees to one another, and fed 90 degrees out of phase. The
elements of the dipoles are fastened symmetrically around one end of
the cylindrical spacecraft. When in orbit, the satellite is caused to
spin around its axis of symmetry to give it positional stability, similar
to that of a spinning top or gyroscope. The axis of symmetry points
permanently towards the celestial north pole.
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It will be recalled that the satellite is in a nearly equatorial orbit.
For an observer on the ground, each of the spinning elements will have
a component of velocity along his line of sight, and thus the received
wave will suffer a small doppler shift. The doppler frequencies will

be of the order of:

v

1+ ;- or 1— :; times the normal frequency,

where v is the component of velocity along the line of sight, and ¢ is
the velocity of light.

It should be noted that v/c is exceedingly small—about 3 parts in
136 million—so that the doppler shifted components of the signal will
differ from the main frequency by +3.12 and —3.12 Hertz respectively.

Corroboration of the truth of this explanation of the origin of the
spectral line is easily obtained. Since the orbit of the satellite has
deteriorated somewhat since its 1977 launch and there is little or no
fuel left for station keeping, the plane of the satellite orbit is now
inclined to the equator by several degrees, and the apparent position of
the satellite from the ground is not stationary in time, but describes a
daily “figure 8” path. Hence the angle between the observers line of
sight and the satellite spin axis has a daily variation also. The velocity
component along the line of sight is proportional to the sine of this
angle—and hence the doppler frequency should show a daily variation,
with two peaks coresponding to the times when the angle is equal to
90 degrees, and its sine is equal to one.

Figure 2, shows the measured percent variation of the period of
the doppler component over a continuous 32 hours time interval. The
two peaks occur as expected. The minima are unequal in amplitude,
due to our position being 25 degrees north of the equator, and hence
not symmetrically located with respect to the satellites movement across

the equator.

6. THE EFFECTS OF SCINTILLATION ON
OUR SPECTRA

The spectrum shown in Fig. 1 requires a little further explanation,
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Fig. 2. Percent variation of the observed period of the doppler
component of ETS-2 over a 32-hour period.

It should be remembered that these so-called power spectra show energy
per unit bandwidth as a function of frequency. Our analysis yields
values for each of 512 equally spaced frequencies, ranging from 0.0625
Hz to 32 Hz inclusive. OQOur Fig. 1 shows only the spectral components
up to 14 Hz, with frequency drawn on a linear scale.

Firstly, it will be noted that there is no “zero frequency” component
on the plot. It is usual to remove this constant or d.c. term before
performing the Fourier Transform since it is often very much larger
than the a. c. components, and interferes with the accuracy of the
analysis. Hence, in considering Fig. 1, one should remember that there
is also a d.c. term, and that the energy it represents is 25 times larger
than the total energy contained in all the a.c. terms combined.

The second thing to note is that the 6.24 Hz doppler peak is really
large. It contains 949 of the total energy found in the a.c. terms.
This becomes evident when one realizes that the vertical scale is
logarithmic and the height of the peak is about 50db (a factor of
100,000) above the surrounding noise,
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We must now consider the effect of amplitude variations, or
scintillations, on such a spectrum. Amplitude variations lead to a
“smearing” of energy from the d.c. term into the low frequency
components of our spectrum. If the ampliitude - of these spectral
components due to noise is greater than, or at least comparable to that
of the Doppler component, we may be able to ignore the contributions
of the latter; otherwise, we must take the doppler line into account.
It will be appreciated, too, that scintillation will also smear energy
from this doppler line into adjacent frequencies, so that it may now be
impossible to completely remove its effect from the spectrum.

As a demonstration of the above effects we now turn to Fig. 3.
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Fig. 3. The spectrum of the amplitude variations of ETS-2 during
a time of severe scintillation,
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This figure was produced by precisely the same technique as that used
for Fig. 1, but the data were taken over a 768 second period when
severe night time scintillations were being experienced. It will be noted
that in this spectrum a relatively large amount of energy is present for
all frequency components up to about 10 hertz. The 6.24 Hz doppler
peak is still present, but both its absolute level, and its level relative
to neighboring frequencies is now much smaller. It represents a mere
3.18% of the total energy. In this case it seems safe to assume that
the spectral line can have little effect on the general shape of the
spectrum, and to ignore it in many applications.
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Fig. 4. The log-log plot of the data of Fig. 3. The maximum slope
of falling part of the spectrum is —17. ‘



Fu Jen Studies 9

7. A USEFUL PROPERTY OF THE SPECTRUM—
LOG-LOG PLOTS

In Fig. 4 we present the same data as that of Fig. 3, but in this
casc we plot frequency on a logarithmic rather than on a linear scale.
We also include all 512 frequency componency arising from the
analysis. The doppler line has not been removed.

Theory predicts that such log-loz spectral plots should be relatively
flat at low frequencies, then fall off rather sharply as the frequency
increases. The ideal spectrum can be approximated by a horizontal
straight line for the low frequencies and an inclined straight line at
the high end of the spectrum. Theory also tells us; as mentioned
above, that the slope of the inclined straight line contains important
information about the ionospheric irregularities giving rise to the
scintillations. A straight line with slops —2.0 arises when the electron
density irregularities in the ionosphere can be likened to a thin, phase
changing screen. If, however, multiple scattering of the waves occurs,
the slope of the line will become increasingly steep—typically to a
value of —35.0 or greater when the scintillation is severe. Figure 4 has

a slope of —17.

8. "BUBBLE TYPE” SCINTILLATION AT FU JEN

Figure 4 is typical of the type of spectrum we get during cases of
severe night-time scintillations at or near the equator. We refer to
this as “bubble type” scintillation, since its occurrence correlates very
highly with the signature of ionospheric bubbles in the TEC records
taken al an equatorial station—in this case, Manila. The slope of the
straight line portion of Fig. 4 is indicative of very severe multiple
scattering.

9. "SUMMER TYPE” SCINTILLATIONS

In contrast to the violent scintillation described above, there is a
much milder type that occurs mainly in the summer month of June
and July, This type of scintillation does not seem to be associated
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with equatorial bubble formation; it often occurs at times when Manila
TEC records show no evidence of the occurrence of the bubble
formation mechanism. This “summer-time” scintillation does correlate
quite highly with corresponding scintillations at Tokyo—a mid-latitude
station. Figure 5 is an example of the spectrum of a very “shallow”

type of scintillation recorded on the night of Ist September, 1989.
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Fig. 5. A spectrum obtained during a period of very small scintillations
on the night of Ist September, 1989.

The figure is not a very impressive specimen, What it does show

are the following things:
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(a) The dominance of the 6.24 Hz doppler line. This is 100 times
larger than anything else in the spectrum.

(b) The presence of some smaller peaks, with energies less than
1% of that of the peak. These seem to be related to the
doppler frequency in a harmonic way—but their origin is not
vet known.

(c) The maximum slope of the log-log plot is of the order of —2.

It must be noted that Fig. 5 shows the log-log plot of some small

September scintillation. This does seem to be a case of very mild
scintillation which could be adequately explained by a thin diffracting
screen mechanism. Whether this case is exceptional, or whether it is
typical of the usual summer time scintillation is presently unclear.

10. CONCLUSIONS

As a result of the spectral analysis of scintillation records done to

date, we can list the following conclusions:

(a) In spite of the presence of a large doppler induced line it is
possible to get good spectra of amplitude scintillations of
ETS-2 at The Fu Jen ionospheric laboratory.

(b) Numerous spectra of intense scintillations have been made, and
their large slope indicates that the mechanism leading to their
production involves severe multiple scattering of the radio
waves. The evidence is overwhelmingly in favor of identifying
this scintillation with the equatorial bubble formation mecha-
nism.

(c) A few cases of the “thin screen” type of scintillation have
been observed at Fu Jen.

(d) The origin of the “summer type” of scintillation observed
during past years at Fu Jen is still unknown. Very little of it
occurred during the summer of 1989. Only the analysis of
future June-July scintillation records will clarify the issue.
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(9) 1,2-Benzenedicarboxylic acid » Butyl 2-methl (di-butyl phthalate)-

<5

(10) Fluorauthene | =

T

<
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ge

Y

w8 gk
Gcan 305 (13.183 min) of DATR:PIREZSDL.D !
N, Fl
easey |\ 4
, £020 1E< 123
g §@20 .
T 1022 593
£ 2me0a eja? 2/7 { 3/54 uzj-aa'. \ 4
3 2] . A S —T =T - T T G PR SO R S
229 393 483 5@
MasssCharge
y Soan 305 (13.183 min) of DRTAR:P3RE4EL.T
1'0'4} n 571 287 354 ciq B0 L.eed
5 % ~ R ~
Juldey e N 7N
. $3734 Azulens {(8CISCID)
.BE47 &y 1. ecd
~ 128
B-il- 1 ‘:I
[-H
o
k: #3733 Maghthalene (E8CISCID)
E S \\ 1.ecd
= T 128
a.ll- 0 Lo
23251 Bicyciold4.4.1lundec2-1,3,5,7,5-pentazn~l
lwzu} - 19286
58007 Leel e 5 F5222
i | | | | L
188 208 ipe 420 580

LIESRRY SERACH RESULTS

Scan 396 (12,193 ain) of CATA:P3AD4OL.D

Litrary File: MES_REVE.L
Litrary naze: NBS PRSS SPECTRAL CATRERCE

RS &
1: Rzuleas (8C17C1) 27951+
2: Naphthaleas (SCI7C!) 91203
3: Bicyclol4.4.1lundeca-1,3,5,7,%-genlazn-1 2I628205
4: 14-Indeae, 1-nethylens- (9C1) 2471343
S: 1,2-Benzeasdicarbeniteile (7C1) USE
§: 1,4-Benzenedicarben:trila (9C1) £23257
7: 1,3-Benzenedicartonitrile (5CI) 836175
8: Cyclohexanecartocylic azid, 1-(1,1-din2t 27324435
9: Fyridine, 3,3°-(12,2,7,7a- tetrahydro-1,2 S0557685
[UR 1-chloro-3-ethogy- (i1} 2555826

18 Naphthalene ZFEZS o
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(11) 1, 2-Benzene dicarboxylic acid » Di-isooctyl (di-isooctyl phthalate)e

i EZES Y o MR PAHS FEFE Y B M AR G AT 22 f P o (B0 &/
B2l Naphthalene % F{AiT4: %) » A0A B0 UA) PAHs » 1161 K. E. Thrane
B A. Mikalsen® % AfEFRECFE S TR 2 R ABEMAEHEZ PAHs » 4
Benzo (ghi) perylene J:AR#i[R o

Pl B T b TR 2 550 ) Benzene : n-hexane=1:1 (v/v) 2§
BER £ TLC FEEhseahi S & ik{bA% » BBk Naphthalene
B RATAMBEER > BT RN LR Y » BT KB 5—FE
Hyh » WAMEHEFT 0 BTN & R P F AR PAHs » WRERABER KW
Zefi]dh » PAHs fYREERFRA > T H » REPHEH CRESNHDEITTEYR
M A A HFI R E > FEE PAHs -

TAMEEBLAE R R M O BT IR 2 i b EEHEE S 2 R TR
Kb » THAEREAL I mh B AT SR B0 22 E AR b W WA L& 0 &
THTEREMZH s SEHMNBETRERIA GC Atz A5 15 REURER
B GC MR A A M B EHRERGIERZ RS » WAt
KO AL A 22 SRR R D R R R R T B AT I e o BERBATR B NIRRT
W B SRR U 5E 2 BTk o LI BB MBIE L2 AT A 7T 937 (Plasticizers) »
PRBUBBAR L I H B IFA LRSS » HIREEEBMRRE AR R
197& : Di-isooctyl phthalate ¥Ei#HEOwM: » BAMHER SR MRS =T
FER A DTFINMGRET IR B AW R TG Y2 f o P EBRAHEEE o

R ERN R P ERITY » BREESL  (BRF L0 HIR
=R

(1) —femes b a9 R HA4T44 @ in Octadecane » 1-Chloro » 1-Heptanol

» 2-Propyl o
(2) HETPEEESE : in Di-butyl phthalate % Di-isooctyl phthalate o
(3) FEREAADE
(a) ZFEFRATHES © In Benzene » 1, 5-Cyclohexadien-1-yl o
(b) He¥2JH @ fn 1-H-pyrrole-2, 4-diphenyl o
(¢) #%BAFEHALA ¥ © 40 Naphthalene J #%74: 4 Fluoranthene
s o

EE 7 PR T IR I8 M o A S T BT 15 HE A 0 B35 -2 NS T B B (P R SE M B BT
P A BERAE R ABUELL » BTLL » BEMTERERYS | AR FS R R
FMIE BRI SR A A5 R CIYES » BIERMEE AR e (FENEE) FrER
ERGEWMATEERL PAHs ERAEEBERN o
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Analysis of Polynuclear Aromatic
Hydrocarbons (PAHs) in Petroleum Products
and Air Particulates

Yue-Jau YEH, Kwo-FEnG Hs1ao
AND WAI-PING LEE

Department of Chemistry
Fu Jen Catholic University

ABSTRACT

Pollution in the natural environment caused by polycyclic aromatic
hydrocarbons (PAHs) is becoming a serious problem. Diesel fuel and
gasoline are studied before and after combustion in a simple simulated
combustor. A modified hi-volume sampler is used for sampling: glass
fiber filter (GFF) and polyurethane foam (PUF) are placed in the
sampler at the same time. GFF is for the measurement of the total
suspended particles (TSP) and PUF is for the more volatile compounds.
The main analytical instruments used in this research are the Fourier
transform infrared spectrometer (FTIR), gas chromatograph (GC) and
gas chromatograph/mass spectrometer (GC/MS).
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VE N S - B’ = 4
ft & X%
i3] =

A — AL ZORH BRI T o SRR TRE » IR — TSI
E P AT RIS R o 16 channels 16 bits 1% MU W%
# » 2 channels ~ 16 bits By ZRLMIRTHE » AL BERBOA R 0.25
1,000 f5Hk s LR +10 (RG2S 3 (Signal conditioning)
RATHREE o RECER DA potentiostat » LIFIE (LAY o HAAHIA
FIA WEEBIR (ARIBE; -

b

— i

il

BiAS T R A AN EEBAEAERORES B BB TRER
HAEME RS o Faulkner™ S AGETE-CEih B AR H » RitFIEHE AL
BEBOETFRR » MERHFRP » EF LEVRSEENENES—H
Kowalski® 2 ART#9at (L5 (Chemometrics) > fE M4 HIFHTLERT
HEAFMLE (Information science) YA » & HiLER S T 2 00 O ~ #ERT
R ERSRHEM I o GULNF T RS A =8 B BRI R SRR SRR
i H SRR LB ER 5 FHERG RSP ARRRERE TSN 0 DR
F i 1k (Optimization) ; Tyt & (Calibration)®? T ZF|F MLR
(Multiple Linear Regression) » PCR (Principal Component Regression)
» % PLS (Partial Least Square Regression) ZEJLA T BT HEACE il
MR AROME 5 &H 0 BEATEE (Arficial intelligence) oy Bk
(Pattern recognition) FN¥ % %# (Expert systems) » Rl if #0452 E LI B 1
AR e A A AR B T EANY B B L RHA o

= KB
i 1 AR ARG L EME R B > JR AT 2T A 2 R i o

1. BREH
LR IE VAN (Switching) » FBCEEA M HERFIGER: (Ripple) i



N FB G % SR

1
of
AT

Interface SSRL[/0
4 Modules

{L U Tiner

Dual z :
16 bits Bipotenliostal .
DAC Stepping Motor
) Hotion Contral
Systen
16 Bits
ADC
16-channe;
; X : Differential
Low-passkd . Signal delinstrun. f{High Impedance K = 4n510g
Filter ‘Conditioner Amp. Voltage Follower Bulliplexers
=S 5 N
v

Fig. 1. Laboratory card block diagram.

REMERSE » R RHEER » RS E ~ BEEAN AC/DC il
LIRS B BB R IR » RS AR R o Bk S RENER RS
MR DASREHET B RIS 20

+————— Power Line AC/DC
110V 4C Filter For I Converter
60 He Susceptibility : £15V DC
————— Lontrol (500amh
AC/DE
Converter
5V DC
(500ma)
Power Line KC/DC
Filter Fer Power Supply
Emission +5y D (5A)
Control

Fig. 2. Power supply block diagram.

2. lIsrmatH

MBS S A T 0 ARRE AR TR R S ~ ARy HCMOS® B
pnaze s A4 PPI (Programmable Peripheral Interface) 82C55A i
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PIT (Programmable Interval Timer) 82C54¢> o PPI uJ{i{# 8 bits/16 bits
R ER e R 0 L port C nI{E MR EERERE 0 0 valves F1 pump
ity on/off {5%% o PIT wf ({5 AHIraR el il 4% » #2740 b A B8 T 3 AR AR
= A

3. {EREEAH

BB TERE (S 5% DERGEE ~ (28 ~ M 2 R st/ B A 2R
(ADC) P o FIFFFEE dual 8 channels (UM% T3 » R —FEEBHRA
» 16 channels {9 % T3 o T — e LEMAY BRIL R » RILIER R LS
i ABHHLA R RS » B TR EE R ©

FIREHERE DR ERE IR EBRAKEHBERBEA#ET o CMRR
(Common Mode Rejection Ratio) 5% 120dB » &M 0.25 = 1,000 %
s E—EE S (KRR BR AR -

{5 98K FAHEAE 10 (R RIFRHNY (5 BRUE AL BE » 7068 —ROE S i
ABAHREE RN/ FitEase (DAC) Mk » —HEHHE (£10V ) V=0.078V)
) i B — BT (£0.64V 2 V=0.005V)o

{LERE SRR AR L% ER 10Hz » Bik%F S/N (Signal/Noise) Hifii » %k
AMETE (Low pass) H% o A RS B AR SR ERSOER R » FBRES
f& B % (Bessel) » Tk - AIAIUMEEE » 5505 10021001 & 0.1Hz»
FEA LS PRAAR A » MU E o

B4k 2 16 bits ADC gl ABEEERES £10 R4 =5 REEHE » TR
Frim A EEEE T YR » DARERRITEE o

4. Potentiostat {5

HERTHER potentiostat {FH# 5 HA L H AR + i HTHREL
LB ] o Jayaweera il Ramaley® #EH{PUfEH R potentiostat Hi% o
Rz BAE el A %% (Control amplifier) (7 #% 3% S FNEREE RIS 5RA0 5
& 0 [ cell HUHERA ~ BIEHE ~ BEELE A °

Bard F1 Faulkner®® BlIZEHERE potentiostat B F AR R B B 1
& (Positive feedback compensation) i FEIEFIFLL T o Tii H 49 bipoten-
tiostat T2 Ft A R BT ER I o £ R e R A 3 0B T R A W IR AR 2% » 1f9BR IR drop
AR o BRTEREING RS He 71 Faulkner®®> 7& 1986 4 {2 il BT #E i
WEMEEE A » MiE—@E 12 bits FBAL Fikigms » SR —ERi
M S ERRME R o ARKIEEA 14 bits B /MRS » DIREHRE
JE o
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il 30 cell A% BCEE o 7 LLTR AN PR BUHCR 53 S 0 PR I AT
(Time delay) s jn k- cell F9FEfE% % (Time constant) Fiipuiyicsi » HIL
FE AR P AME A (Uncompensated Resistance » R,) PHIF 7B 17 (5 0 A
WARE o R RARAEE » F R, AHIETER  RA THEEER RN R
WG » R S T R T TR o

BB E AN AR RIEF EmEAY o sCHhO Y FFURTER M AHE)
Z [ L—H@BEiES (Stabilizing capacitor) » {HILEEE LA cell By
Rk o 544 » Kissinger 71 Heineman®® & Ay lirh » 367 AR
AR A EE A AR MR A R R R T B 22 2 o O A DR s o TR R i e 1) T ok 2% PRI B Py
G/ BRES TR (Bode plot) » #&LUFI R (/6 BB 0SBk i 8 el BOR i 1 47
BAS R o BN — B S ACCRI RO TRE o [Nl 1] g e i B R 3R 9 A A s
48 (Phase-time lag) o PR ERLRTEIEHI B AR MR RA R AHER AR Z
f] » 82 L — MR TER » HATCH > HEHE cell BRI

Potentiostat ) T.{/FH{G 5 %5 BRI A /D + BERABER » SRR
RERE pico ZCEMMRIE o M/ TSR ATE BN ER BONE 0 LR
ultra low bias current pEE AR 0

Counter

Count
idahiis electrode

electrode

Reference

Reference 3R electrode Ra
electrode
Ru
~2 Ru.

s cd

cd
Yorking I Working
electrode = electrode =

fa) A nonfaradaic system (b) A system passing faradaic
C,;: double-layer capacitance currents thruogh R,

R,-+Rg: solution resistance,
where R, is uncompensated

Fig. 3. Cell equivalent circuits.
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5. FIA mhB#K:EM SSR =2H1AM A

3% FIA (Flow Injection Analysis) AR 85HER » (FHEIS)
FHUBEROBI I » T3 2 Shi R R BB 58 o A LB ERETTE VR
%l (Variable Reluctance Type) #1 PM #! (Permanent Magnet Type) e 7:
AR S HEEE » MR R LER » SIERBTRNSRERCY o AREHE A
fE SANYO BRPUtH4EEE  rilEK ] EE=EgniA1 #H 2 M
v 1-2 FHBRE o 18] 4 0 SRR RN A B » FIR A MREETARERE, /S
AT RS o AT HI A R i o

BB (SSR) MR + RLGBIREMAEA high/low
on/off = #8311 #y SSR » i 1 £ pump [HEAR ;- » HER 10 5 valves
EOFEHIBARY 5 5L valves foBARREEL » ACSEERN I E RS ©

o
e
Y-
Eh
]

B

o
B

5 BEE GR

f__ E XA

Fig. 4. Stepping motor block diagram.

=~ RRES

PEEE S FBhb o DA T R R IR AN AR MRS R AR 0 LA LA R R
B~ AT ~ AR A AL BRI AR  (Sensor) o H AR 2 ThRE
EERRIE FIAE W 0 L 0 BRI 5 AR 7 R o R [ b e
I HPLC = FIA ; FI R BT R » Wb A B ERMRGE » TS i 6t
AERE 0 BEAHF R (Expert systems) FakE R# (Knowledge-baseed
system) FffEERYEEIBEFR OO -
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Programmable Solvent
and Column Selection
| -
: | Hulti-channel Dual-channel
E::?c;:ﬂle P HPLC L ' uv FotenlioneLr | cjmps imperometric
= Detectors feteclors
Al
| o s s _I Waste
|

| asol | |aso | fasp

[ D/A
Computer ®

LT

B S N F N Card

‘Robots

Chemometrics

&
A. L.

Samples Samples

Fig. 5. Block diagram for the intelligent analytical system.

i — U7 B RS R e 2 T » potentiostat B AT o B S BT
5%4t o Ploegmakers ! Van Oort“” BN A, + # T square-wave
voltammetry pyE R cyclic voltammetry (€5 10 5 » W{EEHEH
FHET LB » RPN o B E A ARSI square-wave IhHE
i 6 » 5347 Fe~ Co~ Ni~ Cu~ Cr~ Hg % & BSH & W ETFIER » W=
BEZ2RiY square wave voltammogram®»'® » JuE 7 ;5 #5 R ARMAR BRI o

1.65%0 T
L0 T
1,450 1
134 T
.55 1
L1501
.08 T
R
0850
8.759

0.633 1
0.643 T

T
RNE Lol
' oo
+0IO
1wITM
+wITO

Eﬂ
P
<ovze |
o

-+ -L:\:ﬂl
+ONTO

Fig. 6. Square-wave.
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Fig. 7. Squarc-wave voltammogram.

B4 1k A X TR A AL o DI BB RERY A » T BERETT
b T PR IS o AT » ASRBERITEECBPFY » S THREAR BB » LIgF
B -

kS

M~

Bk o LA TR H AREY)  BEAGH I TR BB
R TfEMEReHB R (Fuzzy math)] gRIZER » TREHCEEAR
—fEHHTL ©
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A Multifunction Laboratory Card
for Automation

YEN-WEI WANG AND SHOW-CHUEN CHEN

Department of Chemistry

ABSTRACT

The integration of chemometrics into modern chemical laboratories
to implement intelligent instrumentation often involves data acquision,
signal processing, microcomputer-based instrument design and a control
system for peripherals. The present intelligent interface system, in the
form of a Laboratory Card, includes a 16-channel/16-bit ADC, a
2-channel/16-bit DAC, a 0.25-1,000 current booster and a signal
conditioner. The hardware for electrochemical analysis, flow injection

analysis and peripheral devices are also included.
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Jotog B I AT A 2 TSSO RA
4 B3 TF oA LE Z R

BEE BRE KREHL

LR S (A5 2

1 2

AZCEE Ppy — B (F—RFIATRI G ~ ZHE R ~ 2 G eV B
2 B3 o LA SEM ZCHI L G KGR (T + 2 HEN I T HEAY F HE R o A0fE
SRIGAG » AT T G REVIBR AL SRS 0 o (IS S 5 Ppy (W%E{TIE 12 B
WL REES » Z 20 CV SN RSB L Rl o bl » WL o)
FROBEA s FLG IR PERR LA — Al WARE I U IBURRSE T T » IR Ppy it
MR FAR LRI o SEM MITALSHYEE » AS(H 3 Pletcher $Elif) [ %08
JZRE ] BN QLI R R > MBI T A O B LT A I = A AR 7% T
B > FIREAN > BEOEARED o

-3 =

Bt (Polypyrrole ; Ppy) HEBEFEBENE (~250°C) ~ P Rl4iE{E
(100 27 em™") ~ R FERALTEEEPER L o doTICEAL R R R b 22 iR 5 ol
B IRTT (R R RIS M R R N B ™0 o FEATTER P BINE AT B &8
PR 7 (PR o (RIS A b i S BT AR A A A b DA S e

B Ppy film AN » JUREMERE » ROBLER SR RO B SE o SRS 4E 1980 4
PISEEBALACY ¢ (LA A B AT R —PUBHEN RS -(py-py-py-py-)Tn-

» SR — T o

Diaz'» HERIARH O 3 A1 HCHERE » 755 Py W%k (Oxidation)

F #4884 (Dimerization) ZHH9 o iH— Py 9 CV [EAFMHNIHED
S (1) JETTa ) A R R o (2) A T I o

Film B4 REGMEIEE » &R FEEEN— [ ahkmse ] PR
(Radical coupling step) o —f# i W) HEEIEBEAS » HAERI B (o BEngk » HTiE
Ak Pyroole (£,,=1.2V vs. SSCE) o {nftik a5k Py ff95ige (Pyrrole
monomer) * H| Ppy film (£°=—0.2V vs. SSCE) A<y #in [% » M40
i Py BARSBESefif b o

TE Py fTE4RyEEIEH R 2 Py fech s LISHEAY Py FiZRCZ
Ppy #5{LIEZ SRR o
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JT4EH SEM (Scanning Electron Microscopy) FIE{LEMRGEE » B—5
WyEE%s o Llil SEM 9 RSl 2 B R MFSHCY » TERMEESER
» B AR ZSE M M B %+ FEET R AOHIZC ™ » TR E EHIR
B BRI ARESERTEB 2 En L » DHEMR Ppycr o J
Polyaniline“" FRHH%E o ARSI MIL—HT » %2 Ppy RILATAED
FERFFEREREET » WAERMERBLS » LR 4 B FrIRs 5 » S
F|EFENERE o

I
i
5

1. BREHS

ARTE TR RS, © Pyrrole » 1-Methylpyrrole » 1-Phenylpyrrole I
1-(Dimethylamino)pyrrole » #5755 Aldrich + GR #ErvZE5 » BT 1-Phenyl-
pyroole 75 &4 4 » H AR B RS o Pyrroles 1-Methylpyrrole % 1-(Dimethyl-
amino)pyrrole BRI » LHHTETE IR DL AR » R ZeZEMRREAL o
1-Phenylpyrrole A7 f S ML EHZ » WE YA 555G o L) Ag(NO,)» Cu(NO,),
LB Pb(NO,), Fidd4:MsE+ » KNO, BaighiE o U ELE&Ba? »

hn o SRR KR BAS-100A /LB ST » 2 EEGEE Ag/AgCl
BEWRE » WUEER 03mm ) Pt SBHER » TIFEMS Spem FE
SmmX2cm AR EAE (HASBERG » ¥5{#) » (3 AW P2 BT 1 4
o o FTAR) LIFEMBTE BRI » H% MEH%E o SEM : JEOL JSM-T330A -

2. Ppy BVEB{LBER

Ppy MOEALERA R o KO B AN | —RTEERER PR LSS
B HERI SR Acetonitrile Carioeter A—RIREERER P MEL A
LD o FEATHE IS HCRAT R 0 BTAR MW@ B E A2 B A LiClo, (o
Et,NBF,“" » 5 Heteropolyanion®® % ; Ti K & St rp Il 245 KNO, 210
* B K Fe(CN),“7 o BT 55 EM AR » A RIES W KER
Mkl 0.1 M ffy KNO, S#EiphEmEe> » A 50mM 1 Py Hf8 » %
—900~1,300 mV [8] » L 100 mV/sec Byfmfliiss » 76 CV 30 38 o %
LI s 8H ~ B 5 am WIAEHER BT ER o

AL — R TSR CV IR A& » B A Scan #fEE
+ (—800~1,700 mV) * Scan FEZEFEF 100 mVs™' o
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3. SEM ZgERA®

FE B U AR+ 0 BEREGARR S M FITENGS SEM o ZERRHIM »
WL BB SEARE Ppy » REE B EY INBAR TS, - EATHEEHT
iz Ppy 7RaEBABUR HRR A BEHIRAS 2 72 7E » SEM BT 2 ZRHER 7]
Wz g > TFERE ORI » BP0 & Bk F 0 B SR B SEM g4 Connze=zn o
# Ppy s 0 FGHEECREE SEM » RELIME S AP E o

4. Ppy RELTEDHIEBRHM

REEFTMAZERE 1-(Dimethylamino)pyrrole » 1-Methylpyrrole »
1-Phenylpyrrole » L% Pprrole % (Aldrich Chemical Company » Inc.) PU
o BRBEEER S0mM s EhnA S5~100 mM ARE¥EFEM4EBETF 0.1 M Y
TEE S FSERADEAREL » LL 100 mV/sec AY4RHES » —900~1,300 mV (37 il
=[] » 72 BAS-100A EfF CV & » 5epct B8 SEM o L) CV [E2E L%k
WeEda& SEM MIEN » BRHATREBEET » ETRANERET » RS MW LR
RO RN 52 o — RSN 2B rmEERa R
FRIES D Cu*™ 10mM » Agt 10mM > B RE & BT HE=1 o

=~ RIS
1. SEM Feyisd

(1) CV Ri#RAKHERz Ppy RENPERRE SEM EiHH

TSRS CV R Ppy MRMHE » — BB » LR
(o et AN > TS 1000 80 » B SOmV/s =46 » £ Ppy AMHEILL
SEM Mgz % » [8 1 2[E 245 100mV/s 452 Ppy #) SEM [ o il 1
TLABBEA  THRETD Ppy AMAERIRABE » B TAL FREIM
I REE ST » S AR b R R » S E BB 5 170 S S P A T
B SRR o FETSHS TS Ppy 20 » i 2 BT » BB E
5|1 Ppy 95570 R TR A — AR RO TR, » TR CHMIRS ATIAL o [ 2
MK RS 2,000 £ HEIAEILGIR S » TTLUBHZE 100mV/s i
AT » MR E AR 0.714~0.952 4m » 72 80mV/s T 1.43~
1.91 zm » 75 S0 mV/s () AHGEA T AIE 2.14~2.18 um o ft— BBV
SEASHL G » BRSO E TR » FRENERA R IE AL o THANESHR R Y
FCRBERE » TEAERK Ppy film RTSLTRIEH CV IS Rai » A5 PR i Rl
2 B o



52 RUE B TENZ BB ARR BT RHA R Z W

@ 1 LA 100 mV/s SRS K Ppy 2 SEM [H » SEM {iEfF @ ik
TEIE 15KV s Tift 5mA » Bokfsz 500 f5 -

B 2 Ll 100mV/s $Fi#ERT4 Ky Ppy 2 SEM B » SEM {4 o i
HEE 15KV » FEF SmA » rAfs® 2,000 {5 o
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(2) Ppy REFTEMHEBRIE SEM EiBE

B R o DURFISH AT » SRS Ppy RIATAEMISBRHTE o
# Ppy 9 SEM BEULT RE 1 & 2+ £REG SEM FEZEME 3 i » @Y
F2 T FAZRARHE » W LA RLER L AURAD IS & 5 SRAYRBH R FIRE 4 o JRA0EH
R TR R T L o

1-Methylpyrrole (MPpy) E 34 B0 HE 7R E S 2B 6 & > 575
41 MPpy ok 750 {5ty SEM [ o il bl REH 7 4 T/ - i3
PURER » ERA RN » & PR AR Rk — S 7 M R -
REIRETR 0 HIBL IR T HEMERE S — 4 (One dimension) (1 HE#HE o T
4 IR HETHOMHT SRR 0 [ 6 SEM R SEM E o SRH&T
FRE > TEMRM R » R SERI A IR 5 %R0 & o L6EUR
HH S BT LB AR » BEGIRA W ETBEN S IE » HER
WEKLES o B 6 ARTTLLEEEL » MPpy (085HEIRRI Ppy 21 % » HEER
£ BT IEORY o T o B A R AT IR AT o Mk — 7RI 275 L B A ORI (LR 5
— R AR TR AT A TSI Ppy AR R T2 RIA BORHERD o JRULHERTE
B IR IR R HEBAS » 1R 200 — MR T SR TT » TR R AD R HE » 25 SR B
RIS —E RS » BREREZIIELH (Crosslink) BARKE » i3E—H
BB LA AR S e R TR A 0 ARIE Diaz R 0 B — HENT HE A% o

[E 3 ARk~ Ppy #9 SEM [H » SEM {Eff:  InFERE 5 KV » Eiff 6 mA
» HORfEA 2,000 £ -
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[E 4 SRz Ppy i1 SEM [8] » SEM 1 | iN#HHE 5KV » (EHL 6 mA
» BORAEZE 2,000 fi5 o

5 #f MPpy #9 SEM [& » SEM #f @ niliifE 10 KV » fEii 6 mA »
BRAEE 750 ff o



o= B gk 55

El 6 SieRffZ MPpy [y SEM [B » SEM {&{F @ fniEIE 15KV » i
5.5mA » JrK 548 2,000 ff e

1-Phenylpyrrole (PhPpy) SEM [Ecpf)EiRdE A » Ik/5A PhPpy =35
Vel » st SEM HEFASE KRR o BEAR IS B AW T R » (A%
WA R EE I o GRS SESER » BEERRED » MUY &5 5L B A A K T #
 SRIEAYHEF 7R 2B BIER AR P 1T 7 5 8 o

1-(Dimethylamino)pyrrole (DMAPpy) ) SEM [Ef; » 7 & MAERAY
FEHEEHE » BAN Ppy RHfh Ppy fiti0Si¥assm AR o s E o
LI Ppy fT&PM0FS AL DR ZERTFTHFIG0EME + (BHTERTHS
RERCA » B ST Ppy #TAMZHBAREE » THEEESLT —EiE
FEELAC o TI(E 1948 i T 3 5 R S R 2 d o SEREfHAY SEM [EIFZTERE 7
» KSR RS 2,000 £ 0 BRTLAFEH o HEHRTEABEE S Ppy 74D
RIBE o B SEM REMNEFRR  MIEMABRETHFRE » MBERBRIER
RS B F8T AT » JEaRBURIEREEAEZE R MA A B Ppy T4
WMEBF -

PO R SEM [EskE » HARBGHERERZERY » (58 Ppy THEM
RREMHHR o TF Cu*t~ Ag™ HFWFRT » MBER Film ZFEm
nEEE R e 0 in MPpy MRS MEEL » DMA-Ppy MRAMHRET
¥5)+ T PhPpy WUEEMEABE « SEBSUMNLEELRE » FEET
SEM [hillzs » AtEEmA Cutt > Ag™ FRAGE » W REIBEER » T
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@ 7 sEkt> DMA-Ppy ¥y SEM » SEM [« TR 0KV »
T 6 mA » HoAfEE 2,000 ff e

é”aﬁﬂ%ﬁfﬁﬁ. DRSPS AR IO EA R IO EE R o 7
— sk g g Film KA WEFTHREFI0MER » ol hE S » B 6 » K7
B BRI — R EIB A YA EERE AR o b/ DMAPpy 2
BEY LG50 ERUNMER Cutt TIEATRELE o

F—5 IBM Fr7IAR A& Py frAMi CV B o FEHAGR LR S
Py WoRTA:¥p7e TR MR RURE 7 A BT RN EE Y o LIS SRR A It Be ARne il
BRI MR R ERE S (IR KRR A2 R E B (5L Py
Hodg o SIS 60 =) o TR B CAERINGE o =1 CV 4 » A4k
(7 (Oxidation potential) &kE Py LAYEfCApRRIEMIEE » b E,. ETH
H o 179ES T n-dipole moment HIF BT o

2. E{tBrEE

(1) Ppy WA REREBEFHBRK

TEBMR Py KEwchiE CV B » 7E 690 E 1,050 mV 5% 7 75 3/ 51
e (1 8) o BEAK L WA CRITER Ppy MRAKE B RHREC
» {B Pletcher B TAEARE 0.65~12V REB—LHRMAMRGRED »
(B R A R4 A DA RE RO BB LA SR ML A0 B3R o Sush b 8 » ST LB RAM) T E i 5
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#— Py BRHRTEWTE CV BIREch e B

Compound [ E,,,,/V r Rcl i,,,, u/D
- 5 i . o N S T i
{120¢L.2 1 1.80
Pyrrole { 0 ) |
| 1.54 ‘ Shoulder
[-Methylpyrrole 1.14 (1.19) | | 92
1-Ethylpyrrole ‘ 1.22 i | 1.96
1-(n-Propyl)pyrrole I 1.24
1-Phenylpyrrole == |- F:80 [ | 1.32
2,5-Dimethylpyrrole ‘ 0.84 ! 2.08
0 |2.07
1,2,5-Trimethylpyrrole { s = |
1.15 0.3 |
0 85 10 |
2-Methyl-5-phenylpyrrole | 1.23 ;.1 ‘
133 ‘ 0.1 |
, ! 0.72 1.0 |
1,2-Dimethvl-5-(3/,4’-dimethoxyphenyl)pyrrole {
1.22 0.4 ‘
. 132 1.0 |
[ { |
171 0.3 ‘
1.30 1.0 |
1§ {
1.69 0.2
1.01 Lo |
1 1.34 0.2 |
1.50 0.4
0.98 1.0
v 1.30 0.2
0.3 |

[ 1.53
| |

* Measured in CH,CN containing 0.1 M Et4N_B?4 using Pt vs. NaCE electrodes,
and using 0.7-2.0mM pyrrole concentration.

b » W] RAET IR G R > RHERY 5 BEREFERT 4P LA 1 » TTLAGRY Plectcher
R + R T RS R o (B o i H AT A TR RR il K o AR
100 mV/s AT —Bh » 5 n B R EEAT HEAS o PUEE BI A  E BR
e THHEEBIIE ] » TR E B ERORG » SRR B — 1 o

T4 BEEFTE Ppy MRMTT A » A Cuo Pb &% Ag 2 THEEHEIK
VW SR S BT RIARIE o SR M4 B IR » £ L L0 B T B RO ol — B
P AL EACEE R o W T 2R > BB 9 WL BT 650 B
1,000 mV FHSERIFRT Ppy HLiEisst » 72 390~510 mV % H T — (B R
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CYZLIC VOLTRMMETRY

?Im.'i ExP. CONDITIONS:

l 11T EfmV1= =500
FIGH Efa¥l= 1700
LO% Ela%le -520
\ eV SECIe J0G
SKEEP SEGHERTSe 2
SePl INT, (atle 3

E (VOL T)

B 8 S0mM Pyrrole 7 0.1 M FEE#AwR » & Ppy #9 CV B ©

1 Emﬂ EXP. CONDITIONS:

INIT E (aVim —800
HIGH E(a¥)w 1700
LOM - EfmV]= -BOD
V. (wV/SECI= 100

SWEEP ‘SEGMENTS= 2
SHPL INT. (nV)= 3

1 i ' A l;LJ;' L L i L——Lm

-0.5 -0.800

E (VOL T)

@ 9 s0mM Pyrrole » 0.1 M WEEH7C 5 mM BEFEESALTET » &K Ppy
) CV [ -

Yok o THRJRAE 1,050 mV HETAOUEKS » RS 980 mV KESE o #15HIRL=
R o R TR Ppy FORBFRIFUER o BTEE 390~510mV [
SE—% % M » RIS —BAITEIER 650 mV Ppy MM ARN: »
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L8 e b S e 1 R R (R > BT ER R PR B ROV FEAE » AR IR AT 0 B
B v CHBAMRED 75E 0.9991 0 BRI PIE e — I e S SRt T T b A il
B BRAEE T B RIFOEEMG 5 H—ER7IRE 10 - B4 HBE SEM
Bl o HROBIRNBIES » RTEPEBRMES » E—IEARL
SEM —@ih o EHFMLATES °

SR TR SN T RO B B AR B RO AE T AR o SREET Y OV BIRESIR
11 1 » inEp AT LLFEF Ppy 76 1,050 mV HEEAUEEE + %% 1,000 mV
B » i 650 mV (¥EeIA4% o WAE —100 mV B H B — AR5 A 35 i 5k 06 0
BFEHE Ppy R#RATA B » EEL SEM AYfEIE » 025 HEBTHE S 8L RET R
JRETIR A o {BERERIADRS SR o U Rl — 20 10 T BR o TIT S 7 Fry B B R e 41
20 CV BEREFIRAE 12 b oo EH LIRS Ppy & 1,050 mV E)HEE
BZE 950mV KT+ BAE 550~650 mV [l — /OB LR B o i Rl E
i o FAMTELET LAHERT » 950 mV FESTAY IR ¢ 2 A & REE A ARFRYHE
M 550~650 mV fifie: » Bel R » M —R Ppy BREILER » T8

FEAK RATIO ( Em/Eppy )
-

o 2 4 6 B 10 12 14 16 18 20
[Cul {m¥}

E10 Pyrrole FiRii T4b4 Ll CV &K Ppy BF » S8 T2 Wl E H 0 Ppy
2R GEE R 2 EH TR I o
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EXP. CONDITIONS:

INIT ElmVi= 0
HIGH ElaVls 1700
LOK Ela¥lx -B00
¥ a¥/SECI= 100
InIT P/Ne N

SHEEP SEGHENTS= &
Sepl INT, (V)= 3

e ¥ -0.5 -0.800

EX(VOL T)

Bl Rz Ppy 5 CV [ o

Elnﬂ EXP. CONDITIONS:

IKIT Elm¥1= -500
HIGH ElmVi= 1700
LOW Elmi)= -500
vV laV/SECH= 100

SWEEP SEGMENIS= ?
SMPL It (aVie 3

E (VOL T)

@12 50 mM Pyrrcle s 0.1 M FE#7E 100 mM FEEEENEAET » AHHY
Ppy = CV [z«
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JER 600 mV » {E il bk — T Ppy TR A RLTE M IEMIVET » PRTS
FHEBT B o R TR RS TR » (LA TSR Ppy T
TS+ MRETHEH o RETA o (LRMRHEMETE Ppy WL
7 —800mV BEIEA — IR o P T L R R Y R
—800 mV » LUt —R B MRS » A T RE S hRH
e — TR T LB TR o

(2) £BRHEHE

i A Es R BME TS B RE Y — ORI T (R
(7RIS » AR BB Em T o B 13 Bt Py LET
CV it 20 SHOGEE o Bl » bl TR TELE 390~
510 mV RIRYIIG » RAES—R 5 T BB » T BLEE —BAY B » oA A
BEAES » fi7e —100 B —500 mV AR ARSI BT
FWE o it BMLELSBE#FHBRMTEEEREYR 2 » S
RSB M A TE R - RERETLEESBOKAFERERZ L o It
B — S TR — SR AR » 7 B S b RBT A E T FEBRAS R - BT
AR B AR Film ERESE o BAB7E SEM [ T LA 3
HE B RSB o 105 Film (94 i 23540 £ i Wbt i Zs » [l

’ 3 ND NS 1
R;"ﬂ EXP. CONDITIONS

INIT ElwVi= O
HIGH E(sV1= 1700
LOW EfeVi= O
V (wV/SEC)= 100
. SWFEP SEGMENTS= 40
7 SMPL INT. (V)= §

3 ==
E (VOL T)

{13 50 mM Pyrroles 0.1 M HEEFI7: 5 mM WEEATAET » 1K Ppy ¥y
CV HtER -
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B Film @FE » MASHERMGEE » MBRMAEE G MBS M
B CV Rl » ZARoRAMENES Ppy 7€ 1,050 % 650 mV [l Sk id
PR THERRRBET o TS BRRNOUEE » A HEEIR S —E o

(3) Ppy $14£H89¢ BRI R

DMA-Ppy 7EBMIEMREKGETE: » tilE 14 pT L BEHEREATE
950 mV K » TOAnASREE T ¢+ Ib—EAELIESE 1,100 mV E » B2 670
B 750 mV BETHELT SRR ER g o BEF—RMELEED » 7
—600 mV [fif /G —% ki » ##R Cu-Ppy film —600 mV (WL o
DMAPpy AR g7: 670 B 750 mV T S Mg o ok
Cu-Ppy film A8 —J o ST %M DMAPpy &1 Ag-Ppy film $ifil »
ERAE—AMERREE » REEMDSEBRE —200~—350 mV E - MPpy &
PhPpy 7RG HEILAY i » HAE 700~500 mV [HIR A L DY » 2 BT
W FF At 5 TSRS T AR B 0 BIRTE O~—300 mV (Yo m vl i o %
B EREAR VOB TR ATES » (L5588 R EET Ry » TR
Ppy EAT4400 CV HEiayifrE s e

5}0\4“ EXP. CONDITIONS:

INIT E(aV)= D
HIGN EtaYle 1700
LON EfaYls -%00
¥ [w¥/SEC)= 100
INIT P/N= W

SHEE]

Lot S UK TN IR (5O N T N W IO

+i.700 +1.0 +0.5

E (VOL T)

14 DMA-Ppy i1y CV [E%



%= Ppy REMAEWETRALBIFAET » CV B2 JUdREl

Anodic ; Cathodic
_ e —
Feaks ‘ Cross \ Peaks Cross
£ (mV) } 4 (mA>|E @V) | £ mv) | 4 (mA), E (mV)
I el
- { 1,050 | 72.857 ‘ |
| 650 | 51.492 | |
| o6 { 950 | 38.571
‘ 670 | 14.286 .
|
= 429 '
Bsrals | i 990 | 31.429. |
| Cu | 380 | 18.570 ! |
i 750 | 18.214 | 7
1,024 | 4.929 | 320 | 1443
Ag | —139 | s.411 |
4.740 — 90 | 4.385 |
PURE L 950 ‘ 1.929
1,100 | 10.714 |
1—(Dimethy1- Cu } 750 i 21.784 ‘ |
amine)pyrrole | 680 20.357 | ‘ }
=600 ' |
| Ag 500 8.570 —350 | 28.929 | 200
PURE No | 50| 200 | 1143
' Cu 200 4.286 850 | | —450
‘ = 200
I-Methyl 720 | 19.286 1,000 | — 50 | 17.857
pvrrole &g (Cyels | { ] | ! ‘ ‘ 330
| 650 | 15.714 | 1,000 | —270 | 12.587 200
Ag (Cycle 2) i ! 3
| | | - 300
PURE . No ‘ .
550 | 11.421 0
Cu (Cycle 1) .
1-Phenyl
500 | 10.571 | : 0
pyrrole Cu (Cycle 2) { 1
950 | 5.429 -
Ag (Cycle 1) | 670 | 8.571 ~300 |19.286 70

Ag (Cycle 2) | 620} 6.786 —350 ‘ 17.825 70
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me# @

TEM—F7] Ppy BEAOBTFEr o Ll SEM Sl 54 JBMET (BB » 36
WFEEEL T —SUZR & B A J 4 T3 R B P I B HERY) 4 45 38 8 o o FETALERFT » Bl
AERGBHETRI B E 1,050 mV ESBFTER » FERME TR
SR TR TR L R BT WA SRR ER o 17 650 mV M
RIS A RN P » AT — @I o P RET ST » 72 Ppy
TRTEAL T R R I CV BAVK o MESEET » Bl E i
P BRI o TIRE Ppy MRS (~650 mV) fyis e 1 » S my
L& B BT 47 By Bt » 7 Ppy BREMAOBRE » MRk SR+ e
BEETHIEE o R Ppy MIRHEMIEMS BRI » A0 hGaRE @
THBE R T HE—PRITBES o S ERVBFTES 1 » 2 T 38 R B B 7 (L SR i
BOEBmASN » LIREHRHRIESROEERAR  CEREBH TS BT »
RHERMME  FEALCHER SR EME R DEERRERSHZ
A E— DB BB TR ER A S BN SR o

A~ e

TR TR ETHR RSB ST 258 » LR T SEM o

2 £ X M
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Study of the Electrosynthesis and Metal Ion
Adsorption of Polypyrroles

JonGg-Ru Rau, BAo-HwaA Liou
AND SHOW-CHUEN CHEN

Department of Chemistry

ABSTRACT

This study investigates the conductivity, reaction mechanisms and
surface adsorption mechanisms of the heavy metal ions of polypyrroles.
Results from the SEM study reveal (1) that the growth of Ppy films
and metallic crystals are two separate events—each growing via cyclical
oxidation, adsorption and reduction sequences and (2) that the crystal
grain size increases as the CV scan rate decreases. The marriage of
SEM with electrochemistry conducted on microelectrodes not only
provides more positive evidence for Pletcher’s proposed mechanism, but
also gives more insight into the mechanistic details, which were not
previously available.
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NMR INVESTIGATION OF THE
INTERACTION BETWEEN ATP
AND MACROCYCLIC POLYAMINES

ELizaerH H. Mer*

Department of Pharmaceutical Chemistry
University of California, San Francisco

ABSTRACT

An NMR investigation of the interaction between [I8]N.O, and
ATP in aqueous solution is reported. A comparison of this result
with other work on the polyamines, [24]N,O. and [18]N; is alse made.

1. INTRODUCTION

For a living cell to behave normally demands transport of nutriment
and ions across the cell membrane. So far several transport models
have been proposed and are well accepted. (1) The carrier-mediated
transport model holds that ions such as Na* and K* complex with the
ionophore embedded in the membrane and therefore this complexed
ionic spzcies can diffuse through the hydrophobic medium of the mem-
brane and release the Na* at the intracellular side. (2) Channel type
transport is due to the gramicidine dimer. This dimer forms a
channel to help the ions turnnel through the membrane. Hydrolysis of
ATP occurs via a highly effecient enzymatic reaction catalyzed by
ATPase and plays a key role in the active transport. Therefore there
has been considerable interest in analyzing the controlling factors and
mechanism of these reactions, especially, metal-ion-promoted non-
enzymatic hydrolysis‘”. However, very little is known about the catalysis
of ATP-hydrolysis by organic molecules. Biological polyamines, e.g.,
spermine, complex nucleotides ATP, ADP, AMP have virtually no effect
on the rate of ATP hydrolysis. Protonated macrocyclic polyamines have

*E. Mei, Ph.D. is an alumus of Fu Jen Catholic University.
Contact Address: P.O. Box 1231 Millbrae, Ca 94030.
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recently been shown to bind AMP, ADP, ATP with affinities similar to
those found in enzyme-substrate complexes®>. Among all the macrocyclic
polyamines [24]-N,O, forms a supermolecular complex by binding with
ATP and providing significant rate enhencement in ATP cleavage®®.
From the facts collected in Lehn’s group at Strasbourg, France, the
derivative of [24]-N,0, will slow down the hydrolysis of ATP, but the
reaction is still 40-70 times faster than with water. Based on chemical
shifts of ATP by P NMR study, they suggested that the alternation of
O-P4-O angle contributes the most significant structure effect of the
triphosphate.

After the installation of the newly arrived QE-300 NMR spectro-
meter, there was free instrument time and compound [1] was available.
1 did following experiement to illustrate the factors influencing the
interaction of macrocyclic polyamine with polyanion ATP.

]/\ o/  N\p /\I
[ N N
NN NG

1,7,10,16-tetraoxa-4, 13-diazacyclootadecane C,,H,.N,O, (C22 or [I8]N,O,)

2. EXPERIMENT

Na;ATP was purchased from Aldrich chemical company, Inc. and
converted to tetrabutylammonia salt by passage through a Dowes 50 W-X
hydrogen form cation exchange resin (Bio-Rad Lab) column and then
titrated with (TBA)OH, tetrabutylammonium hydroxide, (Aldrich analyze
chemical 40% aqueous solution). The concentration of ATP was deter-
mined by UV/VIS spectrometry (HP 89,500) at pH=7.0¢".

Kryptofix 22[C,.H,;N,0,] was purchased from MCB manufacturing
chemist, Inc. (Ohio) and purified®. All NMR measurments were done
in a 5mm precision thin wall tube on GE-300 multinuclear NMR
spectrometer. Both the TMS and 85% H,PO, references were measured
externally. The concerntration of compound [1] was 0.01 M and later
ATP solution was added to it. The ratio of [ATP]/[C22] was kept
close to a value of 1/4.



Fu Jen Studies 69

c22 IN D20 ; PH=9.8

C22 IN D20; PH=4.3

-10 20 -30 PFM

Fig. 1. CMR spectra for C22=0.01M at various pH
values in aqueous solution.

3. RESULTS AND DISCUSSION

The chemical shift measurements in acidic and basic aqueous
solutions of Na* and TBA* counterion of ATP are listed in Table 1.
The small amount of chemical shift variation and linewidth change
indicates that interaction between ATP and C22 does exist. Also it
shows that the counter ion effect still plays a role in this weak interac-
tion. The mixture of C22 and ATP samples were followed for 2 weeks
at room temperature and there still was no indication of observable
decomposition of ATP. But there was an observable trace with occasional
heating. This illusirates that the neucleophilic nature is greatly reduced
when the N atoms are replaced by O atoms in comparison with [24]-N.O,.
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Table 1. P-31 chemical shifts (vs 85% H,PO,) of ATP at 23.5°C

¥

@® ‘ B ‘ }
compound ions | ppm (4v,/, Hz) | ppm (4v,/; Hz) | ppm (4v,/> Hz)

Macrocyclici pH | Counter |

i' ! [ —10.63 (13.54)| —21.95 (18.61)} —7.92 (11.63)
[1]* 5.5 | 'Na 1 —10.48 (13.54)| —21.77 (18.61)5 —7.76 ( 9.30)
—21.63 (23.26) |
1 i

—10.67 (29.54)  — —17.80 (36.51)
[y 5.4 | TBA {—10.52 —21.44 (45.81) | —7.69
- i
—10.33 (12.95)| —20.31 (12.95)| —4.86 ( 3.65)
(s 9.6 | Na —10.48 (10.63)| —20.46 (12.95) | —5.02 ( 3.65)
; | —20.62 (19.93) |
—10.88 (18.26) | —21.51 ( 6.95) —5.77 (13.61)
(1] | 9.0 | TBA {—ro.n | —21.35 | —5.60
; ' —21,17 (27.56) |
| —10.70 (13.04) —22.06 ¢ 3.39) | —9.87 ( 7.77)
None } 5.02 | Na { —10.55 (11.28) | —22.22 ( 4.26) | —9.71 ( 6.02)
| | | —22.38(6.9)
\ % | —10.58 (10.88) | —21.21 { 3.95)| —5.44 ( 2.47)
None | 9.83 | Na {40.42 (13.85)| —21.05  3.85) | —5.28 ( 2.47)
| .‘ ; i—21.89 ( 4.99)

*

Same sample measured at 73°C linewidth of P(a) 25.67Hz, P(g) 49.0Hz, P(7)
25.67Hz for (TBA) ATP and P(e) 13.64Hz P(p) 11.20, 23.39 and 23.39Hz,
P(r) 11.20, 8.76 Hz for (Na)ATP Fig. 3. showed the evidence of ATP-
hydrolysis.

The model of hydrolysis of ATP by [24]-N,O, (8 atoms with lone pair
electrons on the framework) was proposed by Lehn’s group and from
the Fig. 2 it is seen that this macrocyclic polyamine is big enough to
cover all the triphosphate bonds and flexible enough to have one N
atom attack P(r) to initiate the dissociation of the triphosphate bond.
In compound [1] (6 atoms with lone pair electrons on the molecular
framework) in the acidic environment, one of the protonated N atom
may be more localized at P(r) with the other protonated N atom on
C22 shifting between P(B) and F(r). The linewidth indicates that P(7)

fluctuates most among the three phosphates which also implies that C22’s
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Fig. 2. [24]-N,O, and ATP complex.

protonated N can have two possibilities, (1) both ==N-H* groups surround
the P(7) phosphate, (2) one >>NH* group is on P(r) phosphate and the
other on the P(3) phosphate. The ratio of these two conformations
depends on the O-P-O bond angles and the conformational flexibility of
C22 to match ATP’s best geometry. Since NOE is hardly observable in
this system to measure the distance of interaction, a theoretical estima-
tion of the angles may be the best alternative.

Consider the reactivity of the 3 polyamines [18]N,O,, [24IN,O, and
[18IN,, the reaction rate reported® by Lehn’s group and the current
results are listed in Table 3. Note that [18]N, has the same number of
atoms as C22 but all oxygen atoms were replaced by nitrogen atoms.
The protonation number can go up to 6 protons, therefore it has a
stronger neucleophilic nature.

The results shown in Table 3 are very illustrative of the factors
which influence the hydrolysis of ATP agueous solution. We especially
note two factors (1) the comparable size of the ligand and ATP; and
(2) an accessible nucleophilic site on the macrocyclic framework to
catalyse the hydrolysis. The work reported here was done under with
very limited supplies but illustrates the controlling factors of ATP-
hydrolysis. With a better supply of equipment and chemicals, this study

could be a very educational project for BS/MS students.
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Table 2. C-13 Chemical shifts (vs. TMS) ppm of C22 in ATP solution

at 23.5°C

pH . Counter ion c(1) (elf) | C(3)
— 8.20 —12.29 —30.31

5.5 Na { —10.10 —14.20 —32.00
—11,99 —16.11 —34.13

T —12.27 —30.27

5.4 TBA { —10.11 [ —14.21 —32.18
| —12.03 —16.12 —34.09

| — 8.54 — 8.734 —30.79

9.4 TBA { —10.43 —10.63 —32.58
—12.31 —12.52 —34.38

| —8.91 — 9.35 —31,17

9.6 Na { —10.79 —11.24 —32.94
C —12.68 ~13.12 —34.72

Table 3. First-order rate constank (4,,,X10° min™*) for hydrolysis of

Na-ATP
Macrocyclic Temperature
compounds | pH 4T (°C)
‘ 35 ~1.1, 1.7*
None {
‘ | 5.4 0.61 70
[24J'N502 5.5 85 70
|
7.5 I8 70
[18]-N, {‘
| 3.5 22
[18]-N,O, | 5.5 | *not observable on NMR in 1 day 23 and 73
* (TBA)ATP
Fig. 3. Observation of ATP-hydrolysis by P(31)-NMR spectroscopy

as a function of time [18]-N.O,.

T=00 23 <
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[18]-N.O,
(A) P(31) NMR spectra (300 MHz) of 0.01 M ATP and 0.0l M of
at a apparent pH of 7.31 in D20/H20 mixture at 73°C
T=0min corresponds to a spectrum taken without heating,

T'=co min corresponds to a spectrum taken at room tempera-
ture after days of heating*
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[24]-N,O.

(B) Proton-decoupled P(31) NMR spectra (81 MHz) of 0.03M ATP
and 0.03M of [24]-N,O, at an apparent pH of 7.0 in D20/H20
mixture at 65+3°C
T=0min corresponds to a spectrum taken without heating.
The chemical shifts are in ppm relative to external 852 H,PO,;
The signals are identified by the following symbols; T, T3,
Ty, for a-, p-, 7- phosphate groups of ATP; Da, Dj for
ADP M- for- AMP; OP for inorganic phosphate and PN fer
the intermediate species assumed to be a phosphoramidate
derivative of the [24)-N,O.. (Reprinted from J-M Lehn et al.,
1983)
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ABSTRACTS OF PAPERS BY FACULTY OF
THE COLLEGE OF SCIENCE AND
ENGINEERING THAT APPEARED IN OTHER
REFEREED JOURNALS DURING THE
1988 ACADEMIC YEAR

On the Effectiveness of Adaptive Chebyshev Acceleration
for Solving Systems of Linear Equations

Kanc C. JEa AnD DavipD M. YoUunG*

Journal of Computational and Applied Mathematics,
24, 33-54 (1988), North-Holland

A symmetrizable basic iterative method w“*"=Gu‘’+%k can be
greatly accelerated by Chebyshev acceleration. This method requires
estimates of the extreme eigenvalues m(G) and M(G) of the iteration
matrix . An adaptive procedure for finding the ecigenvalues was
introduced by Hageman and Young (1981). We describe a scheme of
using contours to test the effectiveness of this adaptive Chebyshev
acceleration procedure. We conclude that the adaptive process is not
sensitive to the starting estimate unless it is very close to AM(G).
Moreover, the adaptive procedure takes at most 35% more work than

the optimal nonadaptive procedure.

* Center for Numerical Analysis, The University of Texas at Austin, Austin,
TX 78712, U.S.A.

Anomalous X-ray Atomic Scattering Factor for

Some Light Elements

M.S. Wanc* AND SHEAU-HUEY CHIA
Physical Review A, 38(3), 1286-1288 (1988)

We calculate, using the Dirac-Slater potential, the anomalous X-ray
atomic scattering factor f/ for the elements F, Na, Si, Cl, K, and Ca
and compare the calculated values with Creagh’s experimental values
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[D. Creagh, Phys. Lett. 103A, 52 (1984)]. For certain cases the theoretical
values agree with the experimental values, but for most cases the
theory disagrees with the experiment, even when experimental errors
are taken into account. The experimental values tend to be lower than
the theoretical values, in contrast to the cases of Si for Ag Ka and
Mo Ka energies.

* Department of Physics, National Central University, Chung-Li, Taiwan 32054,
Republic of China.

Model Dependence of the Anomalous X-ray Atomic
Scattering Factor

M. S. WanG* AND SHEAU-HUEY CHIA
Physical Review A, 38(11), 5639-5641 (1988)

We investigate the model dependence of the real part of the
anomalous X-ray atomic scattering factor f’. Both the Dirac-Slater
and the Dirac-Kohn-Sham potentials with theoretical and experimental
binding energies are considered. The values of f’ are found to be
sensitive to the models in the neighborhood where /” changes sign.
Deviations of the values of /" between different models can be as large
as 20% (or more) in this region. Comparisons between the theoretical
and experimental results in this region will tell us which model is
better for the calculations of /.

* Department of Physics, National Central University, Chung-Li, Taiwan 32054,
Republic of China.

Correlation Analysis of VHF Radar Echoes and

Layer’s Vertical Motion

CHiA Hsiou-YunG LUE AND Fu-Suong Kuo*
Proc. Natl. Sci. Counc. ROC (A), 12(5), 314-321 (1988)

The echo parameter of MST radar signals, which is defined as the
ratio between the layer reflection contribution and the volume scattering
contribution to the echo signals, is calculated for SOUSY data between
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the height of 1.8km and 7.2km over two different time periods under
different dynamical conditions. The correlation among the time varia-
tions of the echo parameter, echo power and layer’s vertical motion in
each height range are analyzed. Statistics show that the echo power as
well as the amplitudes of layer’s vertical motion are predominantly
controlled by the strength of the turbulence.

* Department of Physics, National Central University, Chung-Li, Taiwan,
Republic of China.

The Expansion of Product Probability Distributions
from Trajectory Calculations in Two-dimensional

Fourier Series

F.E. BUDENHOLZER, S.C. Hu, D.C. JENG
AND E. A. Gistason*
J. Chem. Phys., 89(4), 1958 (1988)

The procedure for expanding product probability density functions
determined from a classical trajectory study in a two-dimensional
Fourier series is developed. This method has the advantage that
essentially all of the information obtained from the trajectories is
retained in the expansion; consequently, the resolution of the density
functions is high. A smoothing technique using a Gaussian filter is
also presented. The results are applied to a guasiclassical study of the
F+H, reaction, and new insights are obtained for this reaction.

* Department of Chemistry, University of Illinois at Chicago, Chicago, Illinois
60680.

Comment on “A Modified Leps Potential Energy Surface
for the F+H, Reaction” by T. Takayanagi and S. Sato

F. E. BUDENHOLZER AND D.C. JENG
Chemical Physics Letters, 156(4), 411 (1989)

Center-of-mass velocity flux contour maps are calculated from

quasiclassical trajectory results for the F-+H, reaction at a relative
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translation energy of 3.0kcal/mol. Results using a modified LEPS
surface (T. Takayanagi and S. Sato, Chem. Phys. Letters 144 (1988) 191)
and the number five surface of Muckerman (Theoretical chemistry:
advances and perspectives, Vol. 6A (1981) p. 1) are presented. Neither
surface gives results in qualitative agreement with experiment.

Comparison of the Effects of Sulphenyl, Sulphinyl, and
Sulphonyl Substituents on Diene Reactivity and
Regioselectivity in the Diels-Alder Reaction

SHANG-SHING P. CHOU AND DER-JEN SuN
J. Chem. Soc., Chem. Commun., 1176 (1988)

The Diels-Alder reactions of 2-phenylthiobuta-1, 3-dienes with PhS,
PhSO, and PhSO, groups in position 3 indicate that bath reactivity and
regioselectivity follow the order PhS>PhSO=>PhSO..

2-Acetyl-3-(phenylthio)-1, 3-butadiene: A Novel
Diels-Alder Diene and Dienophile

SHANG-SHING P. CHou AND CHUNG-YING TSAT
J. Org. Chem., 53, 5205-5308 (1988)

The title compund 3 was readily obtained by the thermolysis of
3-acetyl-4-(phenylthio)-3-sulfolene (2), which was prepared from 3-
(phenylthio)-3-sulfolene (1) by Friedel-Crafts acylation. Compound 3,
bearing an electron-donating phenylthio group and an electron-
withdrawing acetyl group, reacted as both a diene and a dienophile in
the Diels-Alder reaction. In many cases it was more convenient (o use
the sulfolene precursor 2 directly in these reactions. In the reaction
with electron-deficient dienophiles, the regiochemistry was dominated
by the phenylthio group. On the other hand, a hetero Diels-Alder
reaction was observed when an electron-rich dienophile, ethyl vinyl
ether, was used. In the presence of an electron-rich diene such
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as 2-(trimethyisiloxy)-1, 3-butadiene or cyclepzntadiene, the diene 3
reacted as a dienophile with complete chemoselectivity and high
stereoselectivity.

Regiospecific and Stereospecific Synthesis of #- and
Z-Trisubstituted Alkenes via 2, 2-Disubstituted Vinylsilanes

SwanG-SHING P. CHou, HwEI-LoNx Kuo,
CHUNG-JEN WANG, CHUNG-YING TSsAl
AND CHUNG-MING SUN
J. Org. Chem., 54, 868-872 (1989)

Treatment of terminal alkynes 1 with the organocopper reagents
derived from Grignard reagents, cuprous iodide, and lithium bromide
(molar ratio 2:1:2) at low tempzrature followed by the addition of
chlorotrimethylsilane gave the 2,2-disubstituted vinylsilanes 2 with
complete regio- and stereospecificity (syn addition).  Electrophilic
substitution of 2 with ICI, Br,, and acetyl chloride gave the corre-
sponding vinyl iodides, bromides, and «, #-unsaturated ketones 5 with
retention of configuration. Epoxidation of 2 with MCPBA gave the
epoxy silanes 6, which upon treatment with concentrated HX and
BF.-Et,O gave the vinyl halides 7 with net inversion of configuration.
If the epoxy silanes 6 were first converted to the p-hydroxy silanes 8
by Gilman’s reagenis, either [/~ or Z-trisubutituted alkenes 9 and 10
could be obtained by treatment with acid or base. Vinyl halides 7
could also be stereoselectively converted to other functionalities via the
vinyllithium intermediates.

The Diels-Alder Reaction of Dienes Derived from
Substituted 3-(Phenylthio)-3-Sulfolenes

SnanG-SHING P. Cnou, Suy-Yeon Liou
AND CHUNG-YING TsAl
Journal of the Chinese Chemical Society, 35, 379-386 (1988)

Substituted 3-(phenylthio)-3-sulfolenes (3) and (4) are good pre-
cursors for 2-(phenylthio)-1, 3-butadiencs (5) and (6). The Diels-Alder
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reaction of the dienes derived from (3) and (4) with various dienophiles
was studied. It was found that heating of sulfolenes (3) with methyl
propiolate and N-phenylmaleimide afforded the Diels-Alder adducts of
(5) directly and with complete regio- and stereospecificity. The same
reaction with methyl vinyl ketone gave a mixture of endo and exo
addition products. If sulfolenes (3) were first converted to the dienes
(5) using lithium aluminum hydride and then reacted with methyl vinyl
ketone in the presence of anhydrous zinc chloride, the stereoselectivity
could be improved. Sulfolenes (4) also underwent cycloreversion/
cycloaddition with methyl acrylate, methyl vinyl ketone, and N-
phenylmaleimide, but gave mostly the double bond-isomerized cycload-
dition products. The regiochemistry of cycloaddition was delicately
dependent on the dienophiles used.

The Diels-Alder Reaction of 2, 3-Disulfur-Substituted
1, 3-Butadienes

SHANG-SHING P. CHOU AND DER-JEN SUN
Journal of the Chinese Chemical Society, 35, 437-442 (1988)

The 2, 3-disulfur-substituted 1, 3-dienes (1) can be readily prepared
from their stable 3-sulfolene precursors (2) by thermal extrusion of
SO,. The Diels-Alder reaction of diene (1) with several dienophiles
has been studied. The substituent effect on the reactivity and regios-
electivity follows the order of PhS>>PhSO>>PhSO,. Lewis acid can
greatly increase the regioselectivity of this reaction. The diene (1e),
bearing a strong electron-withdrawing sulfonyl group, also reacted as
a dienophile.

Selective Synthesis of
1-Alkyl-2-(Phenylsulfonyl)-1, 3-Butadienes

SuanG-SHING P. CHOU, CHUNG-YING TsAI
AND CHUNG-MING SUN
Journal of the Chinese Chemical Society, 36, 149-152 (1989)

Selective synthesis of the title compounds from the corresponding
sulfenyldienes is described.
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Synthesis and Reactions of a Stable Precursor to Dienes

Containing Both Silicon and Suifur Substituents

SHANG-SHING P. Cuou, CHUNG-YING TSAI
AND Cuunc-MIinG Sun
Journal of the Chinese Chemical Society, 36, 227-234 (1989)

3-(Phenylthio)-4-(trimethylsilyl)-3-sulfolene (2) was readily prepared
by chlorosulphenylation-dehydrochlorination of  3-(trimethylsilyl)-3-
sulfolene (4b). Treatment of 2 with n-butyliithium at —105°C followed
by an alkylating agent gave only C5 alkylation products 6 demonstrating
the stronger carbanion stabilizing ability of phenylthio group than that
of trimethylsilyl group. 2-(Phenylthio)-3-(trimethylsilyl)-1, 3-butadiene
(3a) was readily prepared by thermal extrusion of sulfur dioxide from
2. Selective oxidation of 3a with MCPBA gave the sulfinyl (3b) and
sulfonyl (2¢) derivatives. The Diels-Alder reactions of 3a-¢ were
studied, and the regiocontrolling power of the substituents follows the
order PhS>PhSO~PhSO,>Me,Si.

Regiochemical Control in Palladium(0) and Palladium(II)
Catalysed Alkene-Formate Ester Carbonylation Reactions

VAN J.B. LiN AND HOWARD ALPER¥
J. Chem. Soc., Chem. Commun., 248 (1989)

Palladium(0) complexes [Pd(PPh,), or Pd(dba),], (dba=dibenzylidene-
acetone) in the presence of 1,4-bis(diphenyiphosphino)butane, can
catalyse the reaction of alkenes and formate esters to give linear
carboxylic esters as the major product, while the branched chain isomer
was the principal ester obtained by use of a palladium(Il) complex
[bis(triphenylphosphine)palladium dichloride] as the catalyst.

* Ottawa-Carleton Chemistry Institute, Department of Chemistry, University
of Ottawa, Ontario, Canada KIN 9B4.
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Structural Analysis and the Continued Occurrence of
Spermatogenesis in the Adult Testes of Heliothis Armigera
(Hubner) (Lepidoptera: Noctuidae)

G. AMALDOSS
Phytophaga, 2, 73-90 (1988)

The histology and ultrastructure of the adult testes of Heliothis
armigera are described and illustrated. Using the techniques of LM.
TEM, the continued occurrence of spermatogenesis in the adult testes
is traced, maturing conditions of spermatocytes and the spermatids
within the follicles are described. The sertoli or apical cells and their
relation to growing spermatocytes and spermatids are discussed. Occur-
rence of sperm dimorphism seen through the TEM is reported.

Spermatophore Formation in Spodopiera lilura
Fabricius (Lepidoptera: Noctuidae).
Phylogeny, Structure and Reproductive Functions
of the Spermatophore

G. AMALDOSS

Symposium on Insect Biochemistry and Physiology,
pp. 113-129 (1988)

Effect of Feeding, Ageing and Diapausing on Longevity
and Oviposition in the Adult Females of the Army Worm,
Spodopiers litura (Fabricius) (Lepidoptera: Noctuidae)

G. AMAIDOSS AND KAI-DWEN YANG
Proc. Indian Acad. Sci. (Anim. Sci.), 97(1), 29-34 (1988)

Adult females are fed at regular intervals after emerging from the
puparium, then forced to diapause at temperatures ranging from 5-10°C.
Longevity, oviposition and the diapausing period are recorded. Ageing
is indirectly proportional to the diapausing ability and directly pro-
portional to the maiuration of the gonads and oviposition.
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Fine Structure with Regard to Sperm Functions of the
Ductus Ejaculatoris Duplex of the Male Reproductive Tract
of Heliothis armigera (Hubner) (Lepidoptera: Noctuidae)

G. AMALDOSS
Proc. Indian Acad. Sci. (Anim. Sci.), 98(1), 1-13 (1989)

The 'S’ shaped duplex gland, the shortest among the male repro-
ductive glands, ultrastructurally exhibits only a single cell type,
characterized by the presence of multishaped rough endoplasmic
reticulum, polymorphic Golgi bodies and vesicles. The frequent mode
of secretion appears apocrine, with occasional merocrine and holocrine.
Continuous with the height of secretory activity, the epithelia degene-

rates leaving only basement membrane and muscle layers.

Concurrent Occurrence of Holocrine Type-Degeneration
Along with High Reproductive Function in the Secretory
Epithelia of the Duplex of Two Noctuid Species,
Spodoptera litura (F) and Heliothis armigera (H)
(Lepidoptera: Noctuidae)

G. AMALDOSS
Proc. Indian Acad. Sci. (Anim. Sci.), 98(1), 15-25 (1989)

Ductus ejaculatorius duplex is the major sperm storage organ in
male reproductive tract of Noctuid spscies. Although seminal vesicles
and duplex are functionally sperm storage organs, duplex plays an
important role in sperm functions on its transport from male to female.
At the zenith of the reproductive function, duplex exhibits holocrine
type-degeneration (secretion) concurrent with the height of secretory
activity wherein the duplex secretion facilitates the transport of the
spermatozoa into the female via spermatophore and contributes rich

materials for spermatozoa maturity and physiological activity.
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Suppression of Snake-Venom Cardiotoxin-Induced
Cardiomyocyte Degeneration by Blockage of Ca’®" Influx or
Inhibition of Non-Lysosomal Proteinases

WoaAN-FANG TzeENG AND YEE-HsiunG CHENF
Biochem. J., 256, 89-95 (1988)

The incubation of 10° single neonatal rat cardiomyocytes with
1 #M-cardiotoxin in a bath medium, Tyrode solution in the presence of
1 mM-Ca**, at 37°C evoked the following chain of events. Firstly,
there appeared a latent period of about 10 min during which the cells
behaved normally. Neither lactate dehydrogenase nor ATP leaked from
the cells. Cytosolic free Ca*" increased considerably, as measured by
the fluorescence intensity of fura-2-Ca’* complex. At the same time a
large portion of endogenous ATP was depleted. Secondly, after the
latent period, the cell beating became irregular and eventually stopped.
Thirdly, blebs appeared on the cell surface, leading to cell degeneration.
If, before the appearance of blebs, the cells were washed with the bath
medium exhaustively or incubated in the presence of the toxin antibody,
cytosolic free Ca** and endogenous ATP returned to normal levels and
cells resumed regular beating. Preincubation of the cells with 3.75 uM-
flunarizine or 3.75 #M-diltiazem (both are Ca‘’* antagonists), or 1.5 M-
fura-2 acetoxymethyl ester (a chelate for Ca®*), or 200 zM-leupeptin
or 50 #M-antipain (both are proteinase inhibitors) considerably suppressed
the toxin’s ability to degenerate the cells. On the other hand, lysosomal
proteinase inhibitor, autophage inhibitor, serine proteinase inhibitor,
phospholipase inhibitor and calmodulin antagonist did not inhibit the
toxin’s activity. The results suggest that the toxin may act on the
extracellular surface of intact cardiomyocytes to increase cytosolic free
Ca**. The subsequent cell degeneration may result from the activation
of a Ca**-dependent non-lysosomal proteolytic system.

* Institute of Biochemical Sciences, College of Sciences, National Taiwan
University, and Institute of Biological Chemistry, Academia Sinica, Taipei,
Taiwan 10764, Republic of China.



Fu Jen Studies 87

The Characteristics of the Virus Isolated from the Gill

of Clam, Merefrix Iusoria

C.F. Lo, Y.W. Hong, S. Y. HuaANG
AND C. H. WaANG
Fish Pathology, 23(3), 147-154 (1988-1989)

The electron microscopic examination of the abnormally dark
regions of the gill from hard clam, Meretrix lusoria, revealed that
there were virus-like particles present in the cytoplasm of necrotic
cells. With TO-2 cell line, the virus was isolated. Electron microscopic
examinations showed that there were no detactable differences in
morphology and location of virions in the gill cells of clam and TO-2
cells except that virus crystals were infrequently observed in clam gills.
The subsequent serological and biochemical studies indicated that all
the virus isolates from clam were similar to AB IPNV (infectious
pancreatic necrosis virus). These studies represent the first complete
characterizations of virus isolated from clam in Taiwan.

Functional Morphology of Sex-Pheromone Glands in
Female Moths

CHUNG-HsIuUNG WANG

Symposium on Insect Biochemistry and Physiology,
pp. 95-101 (1988)

It has been known for nearly four decades that sex pheromone
plays an essential role in sexual behavior of insect, especially in that
of notuid moths. Sex pheromones are released by female moths that
effect the physiology and behavior of male moths of the same species.
A great deal of interest in insect sex pheromones is not only because
of their role in insect physiology or behavior but also because of their
potential for use in pest control. Recently many successful instants
have shown that the synthetic sex pheromones or relative compounds
are applied in the field with an excitable result by socalled sex-
pheromone traps or disruption methods.
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Using bioassay with male moths to determine the present relative
amount and optimal releasing condition of sex pheromone have shown
that (1) sex pheromones are pratically existing in female moth; (2)
pupae contain no detectable pheromone, and (3) the pheromone content
of the gland increases considerably from eclosion to 2 days after
eclosion, reaches a maximum after 2 to 4 days, and declines in older
insect (Jacobson, 1972). Furthermore the morphological studies have
revealed that the relative concentration of sex pheromones in the moths
of different age correlates with structural and ultrastructual changes
(Smithwick and Brady, 1971; Wang, 1987).

The sex-pheromone glands of only a very few species among many
thousands of Lepidoptera species have been examined. The reviewed
works on the anatomy and physiology of the glands that produce sex
pheromones in both male and female Lepidoptera have been published
in many books and journals (Jacobson, 1972; Percy and Weatherston,
1971; Tamaki, 1985).

On the basic concept of functional morphology, we want to discuss
the relationship between morphological aspzcts and some physiological
phenomenons. We hopz that this report will facilitate furture studies
on the physiology, biochemistry, histochemistry and ultrastructure of
sex-pheromone gland.

On the Plistophera Infection in Eel
II. The Development of Plislophora arguillarum
in Experimentally Infected Elvers,

Anguilla japornica

WEeN-HUED T'sul, CHUNG-HSIUNG WANG
AND CHU-FANG Lo
Bull. Inst. Zool., Academia Sinica, 27(4), 249-258 (1988)

In order to investigate the development of Plistophora anguillarum,
elvers were artifically infected with this Microporea by immersing them

in spore-containing water. Following the histological preparations of
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infected elvers sacrificed at one day intervals, the developmental stages
of P. anguillarum were observed. The time of first appearance of
schizonts, sporonts, cysts and the free spores was also recorded. The
results showed that at 25°C, it was at least 13 days for P. anguillarum
to complete the life cycle. The sporogony phase bezan at the 6th day
after infection. No inflammatory response was observed until the cysts
ruptured (late sporogony phase). According to the present data, it was
suggested that the routes of infection of P. anguillarum in the elvers
were through both skin and digestive tract. Furthermore, the schizonts
might reach the infection sites via circulatory system rather than via

direct migration through the coelum.

Characterization and Cloning of Enterotoxin Genes of

Salmonella {yphimurium

MEI-KWEI YANG AND MI1aN-SHIN TAxN
Proc. Natl. Sci. Counc. B. R.0.C., 13(2), 109-118 (1989)

Five of fifty five strains of Salmonella typhimuriuin of human
origin were hybridized with both the LT-A and LT-B gene of
Eschevichia coli. The remarkably erythromatous and indurated re-
sponse on rabbit skin and significant elongation of Chinese Hamster
Ovary (CHO) cells indicated the production of enterotoxin of these
isolates. The Salmonella enterotoxin is heat-labile and is not a secretory
product.

The LT gene of F. coli was used to analyze the chromosome and
plasmid DNA from Salmonella typhimuriwm strains for toxin gene
sequences. Southern blot analysis demonstrated that the toxin gene
was located on the plasmid but not on the chromosome. Restriction
enzymes BamHI, EcoRl, Hindlll and Pstl were used to analyze the
DNA isolated from salmonella strains Nos. 22, 52, 55 and 59. Three
DNA fragments with size of 5.2Kb of strain 22, 5.0Kb of strain 52
and 8.6 Kb of strain 59 were identified as containing the enterotoxin
gene. Plasmid pUCI9 was used as the vector to clone these DNA
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fragments in F. coli. The rabbit skin permeability test indicated that
Salmonella enterotoxin could be synthesized at readily detectable levels
in these transformed E. coli.

Implementation of the Chebyshev Structure with

Minimum Storage

BriaN K. L1EN AND GREGORY Y. TANG*

IEEE Transactions on Acoustics. Speech. and Signal Processing,
37(3), 422 (1989)

It is known that the McClellan transform can be used to design
high precision multidimensional FIR filters with optimal property. The
Chebyshev structure is one of the implementation techniques of the
McClellan transform. The Chebyshev structure presents a good efficiency
and a good roundoff noise. Its drawback is the increase of the required
storage space. In this paper, we shall present a method to reduce the
storage needed for the Chebyshev structure and an efficient systolic
cell with minimum storage. The hardware complexity of each cell is
1/N that of the filters.

* The Department of Computer Science and Information Engineering, National
Taiwan University, Taipei, Taiwan.

Effect of Turf Bermudagrass Meal on Egg Production,
Feed Utilization, Yolk Color. and Egg Weight

B.H. CHEN AND C. A. BAILEY*
Poultry Science, 67, 1154-1156 (1988)

The effect of diets containing various levels of dehydrated turf
bermudagass (Cynodon spp.) on egg production, feed utilization, yolk
color, and egg weight was studied. Milo-soybean meal diets were
formulated into four treatments containing 0, 3, 6, and 9% dried turf
bermudagrass. Each treatment was fed to laying hens with 4 replica-
tions for a total of 240 birds. Yolk color was measured weekly with a
1984 Roche color fan, After 4 wk, average Roche color scores were
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1.3, 4.9, 7.0, and 8.7 for Treatments 1 to 4, respectively. The maximum
egg production and minimum feed consumption were observed in diets
containing 3% turf bermudagrass meal. There was no significant
difference between ezg weights of birds in control and grass-fed

treatments.

* Department of Poultry Science, Texas Agricultural Experiment Station, Texas
A&M University System, College Station, Texas 77843.

Research Note: Carotene and Xanthophyll Changes During
Growth and Processing of Turf Bermudagrass

C. A. BAaiLEy* AND B. H. CHEN
Poultry Science, 67, 1644-1646 (1988)

Experiments were conducted to determine the effect of drying
method and grass-clipping length on the concentrations of carotene and
xanthophyll in turf type bermudagrass (Cynodon dactylon). This lawn
grass has potential for use as a xanthophyll source for poultry in the
southern US.

Oven-drying at 150 C for 40 min, oven-drying at 70 C for 20 h, dark
room-drying at approximately 25 C for 120 h, and ficld-drying in natural
sunlight were compared with freeze-drying. The field-drying method
resulted in carotene and xanthophyll concentrations of only 15 and
52 mg/kg, whereas freeze-drying yielded the best values: 499 and
886 mg/kg, respectively. Regression analysis of both carotene and
xanthophyll content indicated no significant differences that could be
attributed to grass-clipping length.

* Department of Poultry Science, Texas Agricultural Experiment Station, Texas
A&M University, College Station, Texas 77843.

Simultaneous Separation and Identification of Carotenoids
and Chlorophylls in Turf Bermudagrass by High-
Performance Liquid Chromategraphy

C. A. BAiLEY* AnD B.H. CHEN
Journal of Chromatography, 455, 396-400 (1988)

* Department of Poultry Science, Texas Agricultural Experiment Station, The
Texas A&M University System, College Station, TX 77843 (U.S.A.),
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Simultaneous Dehydration of 95% Ethanol and Extraction
of Crude Oil from Dried Ground Corn

J. T. CHIEN, J.E. Horr* AnD L.F. CHEN
Cereal Chem., 65(6), 484-486 (1988)

A column reactor operating at 68+2°C was used to demonstrate the
feasibility of a new process that simultaneously dehydrates ethanol and
extracts crude oil from dried ground corn. For each kilogram of dried
ground corn, the moisture adsorption capacity was approximately 32g
using 95% (w/w) ethanol as solvent. As a result, it was possible to
dehydrate 500 ml of 957 ethanol and simultaneously extract 45g of the
crude oil from each kilogram of dried ground corn. The crude-oil
contained 2.1% of phospholipids on dry weight basis.

* Department of Food Science, Purdue University, Smith Hall, West Lafayette,
IN 47907.
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Effects of Fractionated Lard and Fish 0Qil on Plasma
and Liver Lipids in Rats

C.M.E. Tsa1, S.L. Soneg, T.C. LiN%,
H.C. TsExg anDp T.S. CHEN
Nutrition Reports International, 38(6), 1289 (1988)

Five test diets including soybean oil (A), lard (B), Chingshan liquid
lard (C), winterized (at 20°C) liguid lard (D), and lard+fish oil (E)
were prepared. Thirty mature male Wistar rats were fed one of the
experimental diets in individual cages for six weeks. The plasma total
lipids (TL), triacylglycerols (TG) and cholesterol (CS) with diets B, C
and D were not higher than those with diet A. The plasma TL, TG
and CS were lower (P<<0.05) with diet E than with all the other oils.
The liver CS, however, varied inversely with plasma CS, which may
indicate that reducing the plasma CS results in accumulation of CS in
liver. Our data also suggested that the levels of polyunsaturated fatty
acids in the plasma lipoproteins reflected their levels in the diet, but
this was not true for saturated fatty acids.

* Department of Food and Agriculture, Council of Agriculture Executive Yuan,
R.0.C..
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Stability of Fish Oil in a Purified Diet with Added
Antioxidants: Effects of Temperature and Light
CHinGgMIN E. Tsal, Josern T, WoOOTEN*

AND DaviD A, GTTO
Nutrition Research, 9, 673-678 (1989)

The extent of oxidation of fish oil with added antioxidants in a
purified diet was studied after storage under nitrogen at 1°C or —16°C,
and after exposure to air at room temperature with direct or indirect
light. The thiobarbituric acid values showed that the fish oil diet was
stable for at least two weeks when stored in the dark at 1°C or —16°C.,
The fish oil diet was rapidly oxidized at room temperature when the
diet was directly exposed to overhead fluorescent light. However, if
the diet was exposed to only indirect light it was stable at room
temperature for at least 8 days. These data emphasize the importance
of light exposure when considering the stability of fish oil containing
diets even in the presence of antioxidants. The data demonstrate that
when feeding animals, daily mixing and replacement of fish oil
containing diets (with added antioxidants) is not necessary if the diet

is shielded from direct light.
* Department of Research the Baptist Medical Centers Birmingham, Alabama
35211,
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Qoheleth and Time

MARYTA LAUMANN S. Sp.S.
The Bible Today, 27(5), 305-310 (1989)

The Old Testament book named Qoheleth or Eccelesiastes generally
leaves its readers with the dis-illusioning impression that “all is vanity”
anyway including all ceaseless pursuits for pleasure, achievement,
success, wealth, control, security as well as such spiritual endeavors as
gaining knowledge wisdom and virtue. One wonders what strength for
living is to be derived from such a pessimistic, philosophy of life.

On careful reading and study, however, one cannot help but feel
inclined to at least seriously admire Qoheleth’s methodology of life~long
observation, investigation and experimentation, which led him to put all
there is under the sun to the test of time and wisdom.

The results of his untiring research are striking, going beyond the
contributions made by the wisest of the O.T. wisdom teachers such as
Solomon and Job:

(1) Wisdom is not absolute but relative to time, it cannot be

“frozen” into structures, doctrines and traditions. It is “liquid”
i.e., “formless”. Each time must “form” its own life-giving
response to the needs and signs of the times, sumply because
“there is a time for everything”.

(2) Humans are faced with the utter inability to gain control over
time by any means. It teaches us the wisdom of discovering
the One beyond time, the Eternal One who is consistant in all
he does. It is wisdom to trust his ways ratner than knowing
-and wanting to have all the answers and control all the details,
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(3) The beginning of wisdom is when in deep acknowledgement of
our creaturehood we no longer “want to be like God” in our
search for wisdom. Letting God be God we have learned to
accept life as a “pure gift” and “mystery” to be revealed and
lived in the now-dimension of life. We are to celebrate divine
Wisdom’s involvment with us at every new moment and in all
its forms. Above all we are not to forget to deeply enjoy the
most ordinary gifts life has to offer, such as food and drink,
our work, and the “sweetness of sunlight”.

The Biblical Version of the Origin and Significance
of Clothing Based on Genesis

MARYTA LAauMAny S. Sp. S.

Journal of the International Association of Costume,
6, 182-187 (1989)

Modesty is one of the major theories put forth to explain the
origin and purpose of clothing. Moralists-supported by popular belief
yet in conflict with modern psychology and anthropology-insist that
humans suffer “innate” feelings of shame resulting from exposure of
particular parts of the body. They base their claims mainly on Gen.
3:7. Accordingly this viewpoint came to be known as the Mosaic or
Biblical theory.

This research, by means of scriptural analysis, re-interprets Gen. 3:7
in the context and in comparison with other related statements of the
Book of Genesis and solves the above mentioned conflict of opinions.
Moreover, taking into perspective some significant, relevant texts of the
New Testament, it demonstrates how the book of Genesis explores the
human experience of nakedness and clothing in its true depth by
attaching to it a symbolic and prophetic significance which goes far
beyond a body-centered sense of modesty with its sexual undertones.
Such an integrated pespective also reveals that the clothing symbolism
in Genesis carries a double meaning and is to be understood as a
temporary provision only. Its significance becomes fully evident only
in the light of Christ “stripped naked” on the cross and “robed in the
light of glory” at his resurrection as the Firstborn of a new creation,
leaving all the fragments of clothing behind in the empty tomb,



