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droborate. The detection limit was estimated to be
0.5 ng/ml of arsenic and the relative standard devia-
tion was 2.8 9, from ten replicate determinations by
using 4 ml of standard solution containing 50 ng/ml of
arsenic. More than 50 samples could be analyzed
within one hour. This method was successfully ap-
plied to the analysis of biological and steel standard
reference materials.
(Received February 6, 1984)
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Table 1 Readings by bromide ion-selective elec-
trode and calculated concentration ratios

(same solution)

n Total dipping time/min Reading (S3) Ratio

1 5 320

2 10 318 1.0047 (ry)
3 15 313 0.9952 (r2)
4 20 311 1.0000 (r3)
5 25 309 1.0049 (r4)
6 30 304 0.9935 (rs5)
7 35 303 1.0008 (rs)
8 40 301.5 0.9983 (r7)
9 45 301 1.0033 (rs)
10 50 298.5

Av. 1.0001 (#)
R.S.D. 0.42%

(Br-l=1X10"3M; 7,=282/(S1+83), 12=283/(S2+84), - H
Expected ratio=1.0000
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Table 2 Readings by bromide ion-selective elec-
trode and calculated concentration ratios
(two solutions, I)

T L. Reading
» (;ti:ic;igiﬁmg Standard Unknown Ratio
solution (S,) solution (U,)

1 5 362

2 10 368 1.0208 (ry)
3 15 359

4 20 361 1.0169 (r;)
5 25 351

6 30 357.5 1.0214 (r3)
7 35 349

8 40 353 1.0202 ()
9 45 343

10 50 350 1.0234 (rs5)
11 55 341

Av. 1.0205 ()
R.S.D. 0.23%

(Br-J)=5X10-4 M; 7,=2U3/(S1+83), r2=2U4/(S3+S85), ==
Expected ratio=1.0224
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Table 5 Concentration ratios calculated from readings by bromide
ion-selective electrode (two solutions, II)

Calculated ratio

Solution R R.S. D. Expected
- Av. (7 ? pec
pair 41 T2 73 T4 75 % ratio
A-B 1.3251 1.3158 1.3235 1.3314 1.3352 1.3262 0.57 1.3333

0.7610 0.7557 0.7531 0.7515 0.7515 0.7546 0.53 0.7500
A-C 1.9963 1.9908 1.9896 1.9907 1.9824 1.9900 0.25 2.0000
0.5027 0.5019 0.5023 0.5041 0.5044 0.5031 0.22 0.5000
A-D 3.9703 3.9934 4.0085 4.0316 4.0429 4.0093 0.73 4.0000
0.2526 0.2482 0.2487 0.2480 0.2473 0.2490 0.84 0.2500

A:(Br-]=1.2x10-3M; B:[Br]=9x10-*M; C:(BrJ)=6x10¢M; D:(Br)=3x10-4M
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Table 6 Concentration ratios calculated from readings by iodide
ion-selective electrode (two solutions, II)

Solution Calculated ratio Av. () R.S.D., Expected
pair " rs rs rs % ratio
A-B 1.3198 1.3318 1.3424 1.3382 1.3448 1.335¢ 0.75 1.3333

0.7560 0.7457 0.7446 0.7454 0.7468 0.7477 0.63 0.7500
A-G 1.9931 1.9882 2.0030 2.0005 1.9703 1.9910 0.65 2.0000
0.5027 0.5017 0.4980 0.5049 0.5034 0.5021 0.52 0.5000
A-D { 3.9838 3.9953 4.0185 3.9950 4.0119 4.0019 0.32 4.0000
0.2492 0.2498 0.2497 0.2497 0.2516 0.2500 0.37 0.2500
A:(I3=1.2x10-2M; B:(I-J=9x10-4M; C:[I-]=6x10-‘M; D:[I-J=3x10-4M
Table 7 Concentration ratios calculated from readings by fluoride
ion-selective electrode (two solutions, II)

Solution ’ Calculated ratio Av. () R.S.D., Expected
pair n r2 r3 75 ‘ % ratio
A-B 1.3273 1.3277 1.3303 1.3811 1.3319 1.3297 0.15 1.3333

B 0.7532 0.7541 0.7512 0.7499 0.7518 0.7520 0.22 0.7500
A-C 1.9995 2.0050 1.9965 2.0010 2.0045 2.0013 0.18 2.0000
0.4999 0.4999 0.4997 0.4996 0.4983 0.4995 0.13 0.5000

A-D 4.0050 3.9970 4.0030 4.0030 4.0020 4.0020 0.07 4.0000
0.2502 0.2501 0.2495 0.2498 0.2500 0.2499 0.11 0.2500

A:(F)=5.2x10-*M; B:[FJ=3.9x10¢M; C:(F)=2.6x10*M; D:(F-J=1.3x10"*M
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A new technique for determination of bromide,
iodide, and fluoride ions by ion-selective elec-
trodes. Yoshiro ToMipa, Norikazu KaTo, and Teiichi
ANDO (Department of Industrial Chemistry, Faculty of
Engineering, Kyoto University, Yoshida Hon-machi,
Sakyo-ku, Kyoto-shi, Kyoto, 606)

The potential response of ion-selective electrodes
generally shows a slow drift as immersion of the
electrode is repeated even in the same solution. Such a

drift can cause a large error in the determination if

the concentration vs. potential calibration curve method
is used. To minimize the error due to this type of
drift, the following procedure was applied to the deter-
mination of bromide, jodide, and fluoride ions by ion-
selective electrodes: The total ionic strength and the pH
of the reference and the sample solutions are adjusted
at 0.66 M and 5.2, respectively, throughout the measure-
ments. The solutions are stirred at a nearly constant
rate with a magnetic stirrer at 25.6+0.1 °C. A bro-
mide, iodide, or fluoride ion-selective electrode is first
immersed in the reference solution, and the potential
is read as a concentration-proportional scale (S1) by
use of an ion meter after 5 min. After the surface of
the electrode is wiped with a sheet of filter paper, the
electrode is immersed in the sample solution and the
concentration—-proportional scale (U,) is measured after
5 min. These operations are repeated until eleven
values, S, U,, S5, - > S11, are obtained. By divid-
ing Ugyy (n=1,3, -..... »9) by (Sp+S8p+2)/2, five con-
centration ratios, ry, 7, ...... » 75, are obtained and their
average, 7, is calculated. The concentration of the
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reference solution multiplied by 7 gives the concentra-
tion of the sample solution. The values thus obtained
are satisfactorily accurate and precise.

(Received October 3, 1983)
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