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stituted pyridines using a parameter and constants.
These constants are obtained from the absorption and
magnetic circular dichroism (MCD) spectral data of
mono-substituted benzenes and pyridine. To examine
the validity of the method, the MCD spectra of 36
di-substituted benzenes, 38 mono-substituted pyridines,
and 15 di-substituted pyridines were measured for the
1., and 'L, absorption bands. The observed B values
were in good agreement with the estimated ones obtained
by the proposed method, and good linear correlations
existed between the two for all the groups examined
here. The MCD spectra are sensitive to the positions
and kinds of the substituents and show characteristic
patterns for di-substituted benzenes, and mono- and
di-substituted pyridines. Therefore, they can be
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utilized for analytical use to identify the isomers (ortho,
meta, and para-substitutions for di-substituted benzenes,
2-, 3-, and 4-substitutions for mono-substituted pyri-
dines, and 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, and 3,5-substitu-
tions for di-substituted pyridines) and to determine

the characteristics of the substituents.
(Received Nov. 26, 1975)
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@® Catalyst bed; & Thermocouple; @ Detector block

Fig. 1
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Fig. 2 Experimental method
@® CRD; @ Furnace; @ Cold junction; @ Electro-
lysis cell; ® TCD; Column; @ Sample in-
jector; @ Oven; Recorder
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Fig. 3 Selective detection of hydrogen, carbon
monoxide and methane in town gas
® Hy; ® O2; @ Nz; @ CHy; ® CO; Column :
Molecular sieve 5 A, 2m, 75°C; Sample : Town gas,
1 ml (at NTP)
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42 EWEHELEMOATE
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—~ 7 RPE L. X OFER% Table | K% LDTRT.
s 71T Avx Porapak Q {(60~80) %2 v & ., lm},
717 s{@E 170°C, CRD JHRE 200°C & U CTEBRL 7.
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Fig. 4 Chromatograms of air (A) and town
gas (B)
@ Oxygen; @ Ethylene; Column : (A) Molecular

sieve 5A, 2m, 75°C, (B) Alumina-Squalane, 2m,
70°C; Sample : (A) 0.2ml, (B) 1 ml

Table 1 Chromatographic peaks of some organic
compounds
Shape of Sh. f

Compound ;]acp;;d.o Compound pael; f:To
Pentene-1 O+ Methyl alcohol A—
Pentene-2 O+ Ethyl alcohol O-
1, 3-Pentadiene O+ i-Butyl alcohol O-
Hexene-1 O+ sec-Butyl alcohol O-
Trichloroethylene O+ tert-Butyl alcohol O-
Dichloroethane X Benzene X
n-Pentane AN— Acetone X
n-Hexane A— Acetic acid A~
Ethylether A— Diethylamine X
Catalyst : 1% Pt-Chromosorb G; CRD temperature : 200°C;

t © Very high peak, O High peak, A Small peak, X No
peak, + Exothermic peak, — Endothermic peak
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Sh5. 7ra—LEIBIFRREY -2 252 505,
ZTORREEA VT 4 X0 b 1 FEY. ZORBME—
IR TN - D PRSI ESLdDTHY, CRD
IRE (160~390)°C O#EFHTHIE L7/ L T ARIBICR S
BEE—-JIXEL ko7
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Fig.5 I 5o-1, ,3-Ro 4oz, nFe-1
DEEMOI n< NS5 48THS. TCD & CRD LT
FIEHCEE LTk L TH B, X L7140 ThdH L
ZAD L3-Ro 2o CRD TlRXDHWE—S
ZRLTWS. ZOZ & 2HOEFBEOKEI R
LD HEBBPREVWIEEZRLT WS,

DLEoFER»S, CRD 34 Vv7 4 o RO7a—01

ORI L LCRIAT 5 2 EnTE, Fz TCD
AT LIFHMETH A S RIS,
TCD D@
(©)
CRD @
®
®
Fig. 5 Chromatogram of olefin mixture
@ Pentene-1; ® 1, 3-Pentadiene; @ Hexene-1;

Sample : 3pl; Column : Porapak Q, I m, 144°C
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DT BEBNME CORERL LAEL LB L E2RL
TWb. FlEED 50mg &/ WIS IIAREER A R
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Fig. 6 Variations of peak area with CRD tem-
perature

Sample : Pentene-1, 3pl; Catalyst weight : @ 50 mg,
® 65mg

min), ¥ % Y 7 —H ZADHE (Cp=7cal/mol °C) FRX
~_RoF5-1 OkFEL# (— AH=30kcal/mol) X b,
(—AH) 30 103
SNC,  (40/60x24.5x 103) x 7
=1.57x108°C s/mol

—k4, _rFr-1 oFEAE 2.8yl oL EOY—VEHRK
P2 0,=100°C s TH5 LT 5 &,
Op 100
m 2.8x10-3x0.637/70.14
=3.9x10¢°C s/mol

WEDOH, ©=3.9x105/1.57x108=0.025 +755%. %
Hlxh7- Fig. 6 OF — 41X ©=0.01~0.04 FipHic
5. ZZTOIER @) @ () NOEITZEL V.
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LoD EBBKE VWD EEZLLND.
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MELZEXCHE LERL Fig. 7 @Rd. %97
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Fig. 7 Effect of carrier gas flow rate

® CRD; @ TCD; Sample : Pentene-1; Column :
Porapak Q, lm, 170°C

v, TSI EiE TCD MBESARBHERTHS
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LTWw5.
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Th -7
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min/g, e (TCD)=486mV min/g 7 %. CRD g
EEAETCD @ 10 50 LT THS. LAL, BH
BEVE S/N HTEE 505, BHIERIBE Cn (g/ml)
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min), CRD ®/ 4 X% 0.002mV TH-TFY 7+ Table 2 Reproducibility of peak height
"iﬁﬁﬁiﬁuk btz T ﬁ’clbb"ohit?ﬁ*o 7. K) Efﬁ Peak height

. ~ No. of (Div. of recorder) CRD

L7 TCD D/ 4 213 0.015mV TZ&O 7z. ﬁEO T measurement éRD—"—T—C\D TCD

Cm (CRD)=2.8x10-8g/ml, C (TCD)=1.5x10-6
1 66. 1 51.5 1.28
g/ml. 2 67.3 52.0 {.29
CRD ORHBEEIZ Z 0 X 51z TCD 2T %725 j 262 ;l)-l :gg
5. 50.5 .

WO ERHBETIECRD OREXM EXES 2 &M 5 66.5 51.4 1.29
x5 6 66.0 51.1 1.29
: 7 66.9 52.0 1.29

(1) CRD oBERELAZE LTHIEZAELLT 8 65.0 51.0 1.28
5 9 67.0 52.3 1.28
> 10 65.2 51.1 1.28

(2) flEBofEE RO CRD OME % BMZiEROE 1 68.7 52.2 1.32
WO BIZEET R v 2 2) KELTESNREY FITD. - g‘gg 5:8 :i?

4¢3s5 BRM N-FHTTHABEZERLEAL 14 65.5 51.2 1.28

X o R 15 65.2 50.3 1.30
THIZE L, FHEEEZFH/. CRD & TCD X TR 16 66.4 50.8 1.31
BIE LS, E-0HIOELOERv A0y ) v Average 66.3 51.3 1.29

(£1.4%) (+0.9%)

X Z.)%ﬁ**?Ilonfgog %é\hfbf, TCD + CRD (Coeff. of variation) (il.l%)
DE— I BZBEIDOHERDILE T A, Table 2izR"T XS
iy, EEMRE £1% DT & RIGATBME 2550
7z-

4e3:6 HEERE GIHMEVEEZAELILT
TCD & CRD : TR/ v v 57— 2 2ilE X ik

L, BEDE— 7 ORRELE L7 ZORRIT Fig. 8 1) P. H. Emmett : “Advances in Catalysis and Related

WRTERDT, HEORITFLAE—-FKLTWVWT, 7 Subjects”, Vol. IX, p. 645 (1957), (Academic

— Y IR =1 N CRD Press).

) o THROENT £L{BDHHNhE . - T, 9) FLH—: Tit, 68, 31 (1965).

3) M. Beroza, R. A. Coad : J. Gas Chromatogr.,
p- 199, June 1966.

4) O. F. Folmer, K. Yang, G. Perkins, Jr. : Anal.
Chem., 35, 454 (1963).

5) A. B. Litdewood, W. A. Wiseman : J. Gas
Chromatogr., p. 334, July 1967.
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Catalytic reaction detector for gas chromato-
graph. Fumito NakajmMa* and Kaoru Sakar**
(*Hitachi Research Laboratory, Hitachi, Ltd., 4026,
Ohmika, Kuji-cho, Hitachi-shi, Ibaraki; **Instrument
Division, Hitachi, Ltd., 2, Sakuragawa-cho, Shiba-
nishikubo, Minato-ku, Tokyo)

A new detector which is based on catalytic reaction
has been developed. The catalytic reaction detector,
CRD, consists of a micro bed of catalyst and a pair of
thermocouples, one being inserted in the catalyst bed
and the other fixed above the catalyst bed. The
difference of electromotive force from the two thermo-
couples is recorded. The CRD has been applied to
gas chromatography. When a component eluted from
a column takes part in the reaction on the catalyst, the
temperature of the catalyst bed changes with the heat
of rection. The CRD, therefore, gives an exothermic
Fig. 8 Comparison of response between CRD or endthermic signal.

and TCD The theoretical equation for the output of CRD
has been derived from the material and heat balances
in the catalyst bed, i.e.,

WEHR e v 70RERE LCERRSERTRE
SEFEREDLDLEEZOND.

Solid line : CRD; Dotted line : TCD; Sample :
Pentene-1; Column : Porapak Q, 1m, 170°C
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where @: temperature change in the catalyst bed (°C),
k: rate constant of pseudo-first order reaction (mol/s
cm?), u: overall heat transfer coefficient (cal/s cm3°C),
Cp: specific heat of the carrier gas (cal/mol °C), I:
depth of the catalyst bed (cm), N: flow rate of gas
(mol/s ecm?), (— AH): heat of reaction (cal/mol), Xa,:
molar ratio of the component (—).

The CRD is heated in a furnace of 20 mm in diameter
and 330 mm in length. The volume of the catalyst
bed is about 0.08 ml. A thermal conductivity detector,
TCD, is simultaneously used with the CRD to detect
the same sample for comparison. Reaction gases, i.e.,
hydrogen and oxygen are generated electrolytically and
mixed with the effluent gas before the CRD. When
oxygen is added, the CRD selectivity responds to the
oxidizable on the catalyst used. By

CRD temperature appropriately, the

components
choosing the

KAGAKU Vol. 25 (1976)

selectivity of CRD can be changed. When hydrogen
is added, the CRD selectively responds to the com-
ponents which take part in hydrogenation reaction.
The CRD is applied to the detection of unsaturated
hydrocarbons. The detection limit of the CRD for
pentene-1 is 2.8 10-%g/ml, while that of TCD is
about 1.4x10-%g/ml. Peak area of the CRD signal
is proportional to the amount of pentene-1. The
response of the CRD is fast enough to be used in the
gas chromatographic analysis.
(Received Sept. 19, 1975)
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