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Glucose oxidase, galactose oxidase, cholesterol oxi-
dase, and choline oxidase were immobilized and were
used for determination of respective substrate in a
continuous flow system. These enzymes were immobilized
by reaction with glutaraldehyde onto the surface
of alkylamino-bonded silica gel and packed in glass
tubes (5 mmx4 mm i. d.) as the enzyme reactors in
the flow system. By positioning an electrolytic column
just before the point of the immobilized enzyme
reactors, the electroactive species such as L-ascorbic
acid and uric acid in human serum could be elimi-
nated. The hydrogen peroxide produced enzymatically
in the enzyme reactors could be monitored ampero-
metrically by an electrochemical flow cell. Calibration
curves were linear for glucose in the range (5~700)
mg dl-1, for galactose in the range (10~1000)mg
dl-1, for free cholesterol in the range (5~200)mg dl-1,
and for choline in the range (8~200)mg dl-1. Sam-
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ple sizes were 5 pl for glucose and galactose assays,
and 2 pl for free cholesterol and choline assays. But
linear ranges could be changed by varying the sample
sizes. The assays could be performed at a 120 sam-
ples h-1 rate with satisfactory precision (<2 % RSD)
at a flow rate of 4.8 ml min-1. The immobilized
enzyme preparations retained most of their original
activities after repetitive use for more than 3 months,
except for the immobized galactose oxidase.
(Received Oct. 30, 1982)
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Table 2 Operating conditions

Eluent
Hexafluoro- Hexafluoro-
o-Chlorophenol/ _ : s
0-Chlorophenol  a-Chloronaphtalene gf;:f;:;gl 15?8?81? ?&01 ISQIPS’S:: eOl/
(5:5) CF;CO;Na) (2:8)
Column GMHS6 GMHS6 GMHS6 GMH6 GMHE (24
Column temp. (°C) 100 100 30 10 S50
Flow rate (ml/min) 0.5 0.5 0.8 0.8 1.0
Detector sensitivity (RIU) 2x10-% 2x10-5 16 x 10-5 16 x 10-5 16 10-5
Concentration (%) 0.5 0.25 0.4 0.4 0.4
Injection volume (pl) 400 400 200 200 400
Pressure (kg/cm?) 16 16 20 20 25
Chart speed (mm/min) 5 5 5 5 10
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Fig. 1 Shift of chromatogram with number of

injection
An : Difference of refractive index of the solution and

the eluent; — : First, - - : Fourth
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e 1 1 1 [
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Number of injection
Fig. 2 Dependence of M /M, on number of

injection
TMw/fT!n was calculated by using the PS calibration

curve
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Fig. 3 Chromatogram of Nylon 12 obtained with
OCP/a-CN mixed solvent

An

Count

Fig. 4 Dependence of chromatogram on concen-
tration
-- 0.25%, — 0.5%

Sample concentration :

Table 3 Analytical results by polystyrene

calibration
Concentration
T 0% h 0.5%
1 2 1 2 3
My M, 4.29 4.62 5.91 5.72 5.69
Peak count 32.8 32.8 34.4 34.6 34.6
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Fig. 5 Chromatograms of Nylon 12 obtained with
HFIP and HFIP/0.01 M CF,COONa as
an eluent

— : HFIP/0.01 M CF3COONa; - - : HFIP
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30 0 50
Count
Chromatograms of Nylon 12 obtained
with a HFIP/toluene mixed solvent
— : GMHS6 column system; - - : GMH6+ G2000H

column system
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Table 4 Analytical results of nylon 12 with a
HFIP/toluene mixed eluent and a
polystyrene calibration

Run number

o~

1 2 3 4 5
M, (x10%) 5.78 6.22 6.22 5.90 5.71
Mg (X 10%) 13.35 13.88 14.69 12.89 12.84
Mg /M, 2.30 2.23 2.36 2,18 2.25
Peak count 38.8 39.0 38.7 39.0 38.8

HFIP ol & i £ omIN G T2 % 7o, FHE
DB L IFFCERTH 5.

3.3 MERYZRF LY ZRAOLREORRR

B#e, BREHFCER L PS okEEs Fig. 7
o3, eRERo X 5 HFIP 3 PS 2% L
7o b BB O BRI TEgds» 7z, Table 5 1=
BZhbEHATORER YA, MERERCHG
PS D MistEZ1T-> 1R E R T, BB L Table 5
Dz HHETT 2R 0, FEHA BT 5 0B RIE S
FOENI X5 THDHN, HFIP/ 1= v (2/8) B
HBWHHITH S 21 GMH 6 (24) G 2000H % f

-
107
105
= 105;-
10
10

| | ] ]

25 30 35 40 45

1 { Count(for, 0, ®, m) ) y

35 40 45 50 55

Count (for o)

Fig. 7 Calibration curves of PS obtained with
various eluents

Eluents——QO : OCP/a-CN, @ : HFIP/toluene,
[]: HFIP/toluene (G2000H adddd), Wl : OCP
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Table 5 Afw/Mpn of polystyrene used for preparation
of calibration curve in various eluents

Eluent
Polystyrene o-Chlorophenol/ Hexafluoro- Hexafluoro-
(M) o-Chloro- a-Chloro- isopropanol/  isopropanol/
phenol naphtalenc Toluenet Toluenett
(5:5) (2:8) (2:8)
2100 1.34 — — —
4000 1.33 1.40 — —_
1x 104 —_ 1.26 1.29 —_
2.04x 104 — 1.39 — 1.10
5x 104 1.31 s 1.50 1.15
1.1x105 1.37 1.57 1.57 1.23
3.9%x10° 1.54 — — —
6.7x 108 — 2.91 1.86 1.66
1.8x 106 — — — 2.14

t GMHS6 column system; 1t GMH6 + G2000H column system

Wi g, PS osmrecioEHEehH b, HEER)
RN OBEHRADOFTRETHDZ EHRLT A,

4 i ]

OCP BHAI T+ 1 » v 12 LOBEFTREHVINEXL,
MRERHAYNELTL DL, XA EEbice— 7fL
BoOBE), 2BEOCEENEL. TOURBRMLLTO
OCP/a-CN (5/5) {BABHADO BEXBHFREYKE
T&h, BEGRIFEETH - .

HFIP o ZoBEHFI T E » v v M ERAED >~
2V E—HHEL, FOrzu<L 540 EEBITZSL
WV A VR VEBE RN LB AL RIF 2 = b
77 a0Bbns. LU PS 3 HFIP i RE T

BRREROC IR B - 1o
HFIP/ + = v (2/8) BEEHEHHFI T, OCP #HTH
BEL > TWB BRI DWTIRIE BIRTE 5 BHHE ©h
b, PSwwXs BBRIFHRS T2 0BED GTEL B
T, 7r= 77 A0 BHE L XL, Lo GEENS
S

S, FAwmv 12 AH X5 BBERVIERTER
X, HFIP/ + v= SBEEHENC X 20T B IETE
CREDLDEEL RS,

BT EIT 54700, FHREGE (bR) 805 BHIRM T
FARFZEREITTRIGE R ZEDT 2HE V72, T 2ITHK
#HOBEETS.
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Gel permeation chromatography of nylon 12.
Masakazu Sakar and Toshio Ocawa (Hirakata Plas-
tics Laboratory, Ube Industries, Ltd., 3-10, Nakamiya-
kita-machi, Hirakata-shi, Osaka)

In gel permeation chromatography (GPC), polymers
have to be dissolved in an appropriate eluent which
has low viscosity and high differential refractive index
to the polymers. The eluent should be also satisfied
for many other experimental requirements. In this
study, we conpared various eluents, i.e., o-chlorophe-
nol (OCP), an OCP/a-chloronaphthalene (a-CN)
mixture, hexafluoroisopropanol (HFIP), HFIP/0.0l
MCF,COONa, and a HFIP/toluene mixture, for this
purpose. A home-made GPC apparatus equipped
with a Showadenko Model SE-11 refractive index
detector was used. GPC separations were made by
using a set of two columns of Toyosoda TSK-GEL
GMH 6. The temperature of column oven was varied
depending upon eluents. The detector was operated
at ambient temperature. Apparent chromatograms
were good in OCP as eluent. However, the peak

Polym. [J., 8, 475
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positions and the widths of the chromatograms varied
with injections. To improve this poor reproducibility,
a-CN was added into OCP. The chromatograms obtain-
ed thus, however, showed high concentration depen-
dence, although the peak positions were reproducible.
Generally, HFIP is a good solvent for polyamides.
Pure HFIP, unfortunately, did not provide normal
chromatograms : an unknown shoulder or peak appea-
red in lower elution count region. To eliminate this
abnormal phenomenon, a small amount of CF;COONa
was added into HFIP with reference to a published
paper. The result was normal. We can obtain the
molecular weight distribution curves from the chroma-
tograms, if a calibration curve was prepared for Nylon
12. Unfortunately, polystyrene was insoluble in this
eluent. Therefore, it was impossible to prepare or
estimate the calibration curve of Nylon 12 from that
of polystyrene. The most recommendable eluent was
a HFIP/toluene mixture (2/8 in volume). Reprodu-
cible chromatograms were obtained together with the
calibration curve of polystyrene. We conclude that
a HFIP/toluene mixture was preferable to phenols
as an eluent of GPC for Nylon 12.
(Received Sept. 24, 1982)

Keyword phrases
gel permeation chromatography; hexafluoroisopropanol/
toluene mixture as eluent; molecular weight distri-
bution of Nylon 12; choice of eluent in gel permea-
tion chromatography; gel chroma-
tography of Nylon 12.

permeation
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