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Table 1. Relationship between elements and
their products.

Elements Products
C CO., COS, CS., (CO)
H H.S, (H:0)
0 CO., COS, (CO), (H.0), (SO:)
N N.

r T 1
10 / min

Fig.1 Typical chromatograms of the products.
1:Ns; 2:CO, 3:H.S, 4:COS, 5:H.0,
6:S0,, and 7:CS..

GC conditions:Column parkings Pora-
pak QS (45cm, 105cm ) and Chromosorb
104 (50cm), column temperature 85°C,
and flow rate of carrier gas 50cm®/ min.
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Table 2 Analytical results of normal organic compounds.

C H (6] N
wt% wt9% wt% wt%
Sample
Caled | Found | Error | Caled | Found | Error | Caled | Found | Error | Caled | Found | Error
2,2,3,3,4,4°,5,5",6—, o
Nonamethyldi-phenyl methane 89.73 | 89.84 | +0.11 | 10.27 | 10.16 0.11

Suberic acid 55.16 | 55.00 | —0.16 8.10 8.23 | +0.13 | 36.74 | 36.77 | +0.03

Lauric acid 71.95| 72.17| +0.22 | 12.08| 12.07 | —0.01 | 15.97| 15.76 | —0.21

2,6 -Dimethylphenol 78.65 | 78.69 | +0.04 8.25 8.30 | +0.05| 13.10| 13.01 | —0.09
L—Glutamine 41.09 | 41.05| —0.04 6.90 7.04 | +0.14| 3284 | 32.78| —0.06| 19.17 | 19.13 | —0.04
Dimethylglyoxime 41.37 | 41.38 | +0.01 6.94 6.82 | —0.12 | 27.56 | 27.58 | +0.02| 24.13 | 24.22 0.09
m— Nitroaniline 52.17 | 52.09 | —0.08 4.38 442 | +0.04 | 23.17| 22.92| —0.25| 20.28 | 20.57 | +0.29
L—Tryptophan 64.69 | 64.43 | —0.26 5.92 6.12 | +0.20 | 15.67 | 1547 | —0.20| 13.72 | 13.98 | +0.26
8 —Quinolinol 74.47 | T74.40 | —0.07 4.86 488 | +0.02| 11.02| 10.94 | —0.08| 9.65 9.78 | +0.13
2,2 —Bipyridine 76.90 | 76.98 | +0.08 5.16 5.15| —0.01 17.94 | 17.87 | —0.07

D
. LA 9SxET VLT P Y v 2 ERIESHT (Sx
B
+Na.S) %213, IhZEff-> THEDPSGCE %
A

|
|

<

\ N

d NN

SISISIS]
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Fig.2 High-frequency induction furnace.
A:Work coil, B:outer quartz tube (10.5-
mmi.d., 12.5mm o.d., and 50mm long),
C:inner quartz tube (5.5mm id., 6.5mm
o.d., and 50mm long), D:ampule con-
taining sample and S, E:granulated
tungsten (10~20mesh), and F:ceramic
support.
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Table 3 Analytical results of metallo-organic compounds.

Sample a) : ! o ¥
wt% wt% wt% wt%
Bis(anthranilato)- Theor 61. 76 4. 44 23.51 10. 29
copper (1) Exptl 62. 04 4.55 23.28 10. 11
Cu(C:Hs0:N): Error  +0.28  +0.11  —0.23  —0.18
(Benzoin oximato)- Theor 74. 65 4.91 14. 21 6. 23
copper (1) Exptl 74. 60 4. 65 14. 55 6. 20
Cu(Ci4H1:0.N) Error  —0.05 —0.26 +0.34 —0.03
Tris(8-quinolinolato)- Theor 74. 98 4.20 11. 10 9.72
chromium (II) Exptl 74. 95 4,18 11. 26 9.61
Cr(CsH:ON)s Error  —0.03  —0.02 +0.16  —0.11
Dioxobis(8-quinolinolato)- Theor 67. 50 3.78 19. 98 8.75
tungsten(VI) Exptl 67.35 3.58 20. 19 8.88
WO.(CsH:ON): Error  —0.15  —0.20  +0.21 0.13

a) Metal atoms were neglected in the composition of metallo-organic compounds.

Table 4 The modified PSGC method for a halogen-containing sample.

C, Hy O N 4Cl . Br |

g
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Fig.3 Effect of the coexistent elements on the determination of the
atomic ratio.
O:Harmless, [J:form oxide and harmful, [1:form both oxide
and nitride and harmful, A:react with reaction tube and also
harmful, O:can be determined by PSGC.
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Fig.4 The system of the pyrolytic surfurilation reaction.
O:Sulfur, @:sample, and ©:products.
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Fig.5 Schematic flow diagram of system. A:Molecular Sieve 5 A column,
B:copper column, C:gas chomatograph-1, D:gas chromatograph-1II,
D::Chromosorb 104 column, D.:Porapak QS column,

Di:Deactiigle column, E:four-way cock, F and G:six-way cocks,
H:electric furnace, l:reaction tube, J:quartz-made apparatus,
K:sulfur trap, L:trap column, and M:stainless steel tube.

2

\/1_:/\
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.
[ T T [ T

T
0 5 10 0 5 10 / min

Fig.6 Chromatograms of samples (A:cyclohexene, B:methyl alcohol,
C:pyridine, and D:morpholine).
1:C0O; 2 :HS, 3:C0S, 4:80, 5:HCN, and 6 : CS..
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Table 5 Analytical results of organic compounds.

Products Components
Sample

CO, [ H,S I COSs ‘ SO, HCN H,O Cs, Theoretical Found
Benzene - . e - - - - + C, H C, H
n-Hexane — + - = - - + C, H C, H
Methanol + + + = - - + C, H, O C, H, O
Ethanol - + + - - — + C. H, O C H: O
Acetone - + f- = - - + C, H, O C, H O
Methyl acrylate + + i = = - e C,H, 0O C, H, O
Triethylamine — + = - + - + C, H, N C, H N
Pyridine — + - = + - + C, H, N C, H N
Nitromethane + + + + + + + C, H, O N C, H, O, N
Morpholine — + + — + - + C, H O N C, H O N
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S +
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cofactors Type I Product
L
+ Fluor*
Fluor + hv
Fig.7 Mechanism of chemiluminescence reaction .
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Fig.8 The structure of ligands.
a

(b)

OH  HO:

HC-NH HN—(‘\H

HO! COOH

H,C—CH,

(c)

: 3, 4-Bis (salicylideneamino)benzoic acid,

b : N, N-bis(4-carboxysalicylidene)ethylenediamine,

® QO

(g)

Fig.9 The apparatus for CLCCIA.
a: Test tube, b : glass bead, c: shutter,
d : photomultiplier, e : dark box,
f : photon counter, and g : recorder.
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: N, N-bis[2-(o-hydroxyphenylacetic acid)] ethylenediamine,
14, 11, 18, 25-tetracarboxyphthalocyanine, and
15, 10, 15, 20-tetrakis(4-carboxyphenyl)porphine.

80\3\
X 60 %\
N
i)
N\ 40
- O
20
0
0 1 2 3
log (HSA/ug tube")
Fig.11 Calibration curve.

I, lo: CL intensity of the sample in the
presence or absence of HSA.
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Fig.10 The procedure for immunoassay.
A : Immune reaction, B : separation of bound and free fractions, and
C : measurement of CL intensity. a: Glass bead immobilized with
antibody, b: HSA, and c: labeled HSA.

(e) D(m)
(a)

{
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5
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Fig.12 Schematic fiow diagram.
a: Luminol solution, b : liberating solution, ¢ : buffer solution,
d: H.0;. solution, e, e, es, e« : pump, f, h:sampling loop,
g, i, j:six-way cock, k : immobilized antibody column, | : flow-cell,
and m : photomultiplier.
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Ab .- Ag Op Ab - Ag

Immune reaction BfF separation
10 min, pH 7.2 10 min, pH 72

1

7
/ Ab 7/ Ab Ar—©
- Ag Ag
-Ab -Ab Ab—@
Treatment Liberating
10 min, pH 72 5 min, pH 3.1
Y

Chemiluminescence reaction

—t—

7 Ab -+ Ag - Ab—D) Ab—D)
AbmAg"-Ab—@ Ab—@

Sandwich reaction
10 min, pH 72

I
|

7 Ab---Ag ... Ab-@
Ab---Ag - Ab-@

Washing
10 min, pH 7.2

Fig.13 Operating procedure for continuous CLCCIA.
Ab : Antibody, Ag : antigen, Op : other protein, and L : [1, 8, 15, 22-
tetrakis(chloroformyl)phthalocyaninato] iron(II).
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Fig. 14 Standard curve of HSA.
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The sandwich immunoassay

luminol

H0,

Fig.15 Schematic diagram of the immunoassay.

(A), (A"), (C") : Antigen-antibody reaction,

(B), (B'), (D") : separation of bound and free fractions, and
(C), (E’) : measurement of CL intensity.
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Fig.16 Calibration curve for HSA obtained by

62

the competitive immunoassay.
%B={(l-10a) (Is:1-154)} X100

l:, lsi: CL intensity of the sample in the
presence or absence of HSA,

lva : CL intensity of background, and
(@) : Blank value.
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Fig.17 Calibration cutve for HSA obtained by
the sandwich immunoassay.
(@) : Blank value.
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Fig.18 Schematic diagram of the apparatus for indirect FIA.
a : Buffer solution, b : H.0;solution, ¢ : luminol solution, d: sample solution,
e : six-way cock, f: flow-cell, h : photomultiplier, i : amplifier, j : recorder,

k : syringe, and P,, P, Ps: pump.
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Table 6 Detection limit of protein

by various indirect FIA.

Detection limit of protein

Method No. CL system (injection volume)
The indirect FIA
1 Luminol-H;0,-Cu(1I) 200ng (400 11)
2 Luminol-H;0,-Co (1) 200ng (400 p1)
3 Luminol-H:0-Fe(1l) 4ng (400 1™
4 Phen-H,0,-Cu (1) 5ng (50 )
5 Phen-H:0,-Ru (1) ing (50 1)
6 Phen-H.0,-0s (V) 0.25ng (50 1)

a) Not detected for bovine serum 7-globulin and human serum 7-globulin,

Table 7 Comparison of the present FIA with the other FIA.

Method No. Method Rmieng range,g dm volume, o
Present
7 Luminol-H:0,-Cu(ll) 10 2.0X107* -1.0x10°" 400
8 Ultrasonic luminol-Co(lll) 0.20 5.0x107° -1.0x10°" 40
9 Phen-H,0.-Cu (I1) 0.25 5.0%X107° -1.0x10°"' 50
10 Dyestuff-binding 40 2.0X107° -5.0x10°" 20
1" Electrode 120 1.0X107* -2.0%x107"' 40
12 Spectrophotometry 1000 1.0x107"' -1.0 10
13 Lowry 1000 5.0X107° -2.0x10 ~* 100
2. 2 (LERABEFEMEDSE (MALCLC) ik, 5 X107 ~1 X107* 8dm™* % v¥

-
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Fig.19 Schematic diagram of the apparatus for direct FIA.
a : Phen solution, b: H,0. solution, c: copper (II) catalyst solution, d:
buffer solution, e : sample solution, f : regulator, g : N, cylinder, h : flow-
meter equipped with a needle valve, i: pump, j: six-way cock, k : sampling
loop, | :syringe, m: mixing coil, n : thermostat, o : reaction tube, p : cool-
ing tube, g : flow-cell, r : photomultiplier, s: amplifier, t: recorder, and u:

Integrator.
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Fig.20 Flow chart of the direct injection method using a phen-H;0.-Cu(Il) system.
a:50x107* g dm™-, b:1.0X10"* g dm -, ¢:1.0X10 g dm™~* BSA, and
s : sample injection point.
Conditions : 5.0X10 ~* mol dm~*® phen, 5.0wt % H:0, , and 1.0 X10"’ mol
dm™*Cu(1II).

( Eluting system }——I Sormpfie Trjeding

Fig.21 Schematic diagram of the ion-exchange chromatograph-CL detector system.
[CL detector] a: Phen solution, b : H;0:solution, ¢ : Cu(Il) solution, d: reg-
ulator, e: N; cylinder, f : flowmeter equipped with a needle valve, g : flow-
cell, h:thermostat, i : mixing coil, j: reaction tube, k: colling tube, | : pho-
tomultiplier, m: amplifier, n: recorder, o: integrator, p: four-way cock, q:
column,

[Sample injector] r : six-way cock, s : sampling loop, t : syringe, u : sam-
ple solution,

[Eluting system] a’ : NaCl solution, b’ : peristaltic pump, ¢’ : gradient-mix-
er, d’ : magnetic stirrer, and e’ : pump.
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UV absorbance
concn/mol dm™*

NaCl

Elution time/min

(a) Chromatogram using a UV detector.

Fig.22 Comparison of both detectors for the separation of a model sample.

intensity

CL

0.25

Elution time/min

Sample : Ovalbumin and trypsin inhibitor from soybean.

HPLCAS, w3/ — v —BF{k%E—8 (0) %
71.10—7 =+~ ra ) v (phen) —BELK
F—4d (I) % (Table 8) 2R\ ACLKHZE
LEHEH S LRSI BT LTk, BREN,
PlELTA 4 v a< b 75 7 —CLIRH S
FOEAK 2Fig. 2LicR Lico T O RTH
sty v NI BHREYMIOIa< b5 s %k,
UVEiHiRiIcL 370~ b 5t L sic
Fig. 22127R L1z, Fig. 2255, CLERIHROEH
WEERTE 1,
2. 3 LIV

INODOREEEZDLE, SRIFICEELE
bhzrd. (D& D BRI LEF AT OBF .
RF v 5 )~V — vEIIKE,CLKEHE O A
v 57 24 A QFLEFOEHRSY (OhrEks)
DILFFEARNDEEFBRA L. ANLFFRERE
DRI E ZL OREPIRE NS,

66

AR

£

4,

2

concn/mol dm™*

NaCl

(b) Chromatogram using a CL detector.
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