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Table 1 Operating conditions for ion
chromatography
Column : Low capacity anion exchange resin
50 mmX4.6 mm i.d. anion pre-column (PAX 1)
250 mm X 4.6 mm i.d. anion separator (SAX 1)
Eluent : 4mM NayCOs/4 mM NaHCOj;, 2.0 ml/min
Suppressor : Cation exchange membrane tubing
Scavenger : 50 mM dodecylbenzene sulfonic acid, 2.0 ml/min
Injection volume : 100 pl
Detection : Conductivity (at 40 °C)

Determination  : Peak area method
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. 1 Effect of concentration of sodium hydroxide
A) and sodium hydrogencarbonate B)
in sample solution on the peak area and
peak height

a) : Peak area, b) : Peak height; Concentration of ions
(gg/ml) : F- (10), Cl- (10), Br- (30),and SO,2- (40)
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Fig. 2 Typical ion chromatogram of standard
mixture

Chromatographic conditions as in Table 1;  Concen-
tration of ions (pg/ml) : a) F- (10), b) CI- (10), c)
NO;z~ (15), d) PO43- (30), e) Br- (30), f) NOs~
(15), and g) SO.2%- (40)

Table 2 Precision of ion chromatography based
on peak area measurements

Reproducibility

Concen- Linearity (y=ax+8)1
Anion tration/ .

Ge/md b ra=5) Ge/mp R§Dp M
F- 2~20 39.0 +1.2 0.9998 10 0.28
Cl- 2~20 41.3 —1.0 0.9998 10 0.48
Br- 6~60 18.2 —2.3 0.9994 30 0.55
SO42- 8~80 21.4 —1.3 0.9997 40 0.23

t Regression line x: Ion concentration (pg/ml), »: Peak
area (integrator counts); 1 Relative standard deviation
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Table 3 Comparison of quartz and Pyrex oxygen
flasks in fluorine determination

Sample Flaskt F;Zﬁfi: Av. ,lzev., S.’lé).,
Difron Quartz F 75.93 —0.07 0.38
(F : 76.00 %) BF, n. d.
Pyrex F 72.16 —3.84 0.43
BF, (as F) 2.14 0.39
Total 74.30 —1.70

+ 500ml oxygen flask used; 1t Average of three determinations,
sample size : 1.0~1.2mg

BF

Injection
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Ion chromatograms of organic fluorine
compound after oxygen flask combustion

Fig. 3

Analytical column : PAX 1 (50mmX4.6mm i.d.);
Other conditions as in Table 1; A) Standard solu-
tion, BF4,~ (2.0pg/ml); B) By using quartz flask,
difron 1.13mg; C) By using pyrex}flask, difron 1.23
mg
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Table 4 Effect of hydrogen peroxide concentration
on the determination of sulfur and chlo-
rine in organic compounds

1% H;0; Found}, Av. Dev., S.D.,

Sample added/ul % % %

Sulfathiazole none 13.85 —11.26 1.45
(S:25.11 %) 10 18.82 - 6.29 0.91
20 19.90 — 5.21 1.37

50 25.21 + 0.11 0.27

100 25.15 + 0.04 0.10

200 25.14 + 0.03 0.06

m-Dinitrochlorobenzene none 17.51 + 0.01 0.08
(Cl: 17.50 %) 100 17.58 + 0.08 " 0.18

t Average of three determinations, sample size : 2.8~3.1 mg
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b5z LB/ CTE R, 7o CEOARILEYE:
AV GRRBIEAKEOTRMC X 58 LY TN, FRAb0k
R%u Table 5 iRz, X, JIERCEIEBE A A D
BH L CIToicD T2 r< + 75 2% Fig. 4 =R
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Table 5 Effect of hydrogen peroxide addition on
the determination of bromine in organic

compounds
1% H20; Caled.,, Foundt, Av. Dev., S.D.,
Sample added/pl % % % %

C13H3ONCIBr  none 25.73  25.59 —0.14 0.23
100 25.68 - 0.05 0.12

C19H1005SBrstt none 47.71  46.22 - 1.49 1.4l
100 47.74 +0.03 0.11

CsHeBrettt none 85.99  57.35 —-28.64 1.86
100 85.85 —0.14 0.19

t Average of three determinations, sample size: 2.0~3.2mg;

tt Bromophenol blue; t1t Hexabromocyclohexane
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Fig. 4 Ion chromatograms of organic bromine
compounds after oxygen flask combustion

Chromatographic conditions as in Table 1; A) Stan-
dard mixture (pg/ml) : C1-(2.0), BrO;- (10), and Br-
(50); B) Bromophenol blue:3.07mg; C) Hexa-
bromocyclohexane : 2.15mg; Peaks : a) Cl-, b)
BrO3-, ¢) Br-, and d) SO42-
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Table 6 Simultaneous determination of halogens and sulfur in organic compounds

Sample %:n/l;l; n Callzd., Fo;xénd, Av. 7]2ev., S.‘;I‘).,
Homosulfamine 2.3~3.2 5 Gl 15.92 15.91 —0.01 0.17
S 14.40 14.45 +0.05 0.06

Bromophenol Blue 2.6~3.2 5 Br 47.71 47.73 +0.02 0.09
S 4.79 4.81 +0.02 0.04

Dichlorofluamide 2.2~3.0 5 F 5.70 5.76 +0.06 0.07
(C9oH1102N:Cl2S5:F) Cl 21.28 21.37 +0.09 0.19
S 19.24 19.24 0 0.13

Cy3HoONFBr 2.5~3.2 5 F 6.46 6.51 +0.05 0.10
Br 27.16 27.15 —0.01 0.12

C;3HsONCIBr 2.6~3.2 5 Gl 11.42 11.48 +0.06 0.12
Br 25.73 25.71 —0.02 0.09
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Simultaneous multi-elementary analysis of flu-
orine, chlorine, bromine, and sulfur in organic
compounds by ion chromatography. Hisomu
NacasuiMa, Kazuo Kusovama, and Kikushige Ono
(Analytical and Metabolic Research Laboratories,
Sankyo Co., Ltd., 1-2-58, Hiro-machi, Shinagawa-ku,
Tokyo, 140)

A method for microdetermination of fluorine, chlo-
rine, bromine and sulfur in organic compounds by
using a oxygen combustion flask and ion chromatog-
raphy (IC) was studied. One to 8 mg organic samples
were decomposed in the presence of oxygen in a 500 ml
quartz flask for fluorine analysis, and a pyrex flask for
chlorine, bromine, and sulfur analysis. The combustion
products were absorbed in 20 ml of distilled water for
fluorine and 20 ml of water containing 100 pl of 1 %
hydrogen peroxide solution for other elements.
After standing, 5 ml of 20 mM Na,CO;/20 mM Na-
HCO, solution was added into absorbed solution. This
solution was injected into a chromatograph (Yokogawa
Hokushin Electric Works, model IC 100) eqquipped
with anion analytical column (PAX 1 and SAX 1),
cation exchange membrance suppressor and conduc-
tivity monitor, and a 4 mM Nay;COs/4 mM NaHCO,
solution was used as a mobile phase. Calibration curves
in peak area constructed from the sodium salts of four
anions (F—, Cl-, Br-, and SO,*") were linear over a
wide range and presented good reproducibility. Single
or simultaneous determinations of fluorine, chlorine,
bromine, and sulfur in organic compounds resulted
within an error of +0.3 2, which is comparable with
those attainable in conventional elementary micro-
analysis. This method when applied to simultaneous

multi-elementary analysis is considered powerful.
(Received October 27, 1984)
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