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3 BUNSEKI KAGAKU Vol. 69 (2020)
Table 1  Raw materials for standard solutions
Sg:iﬁ?;f Raw material Supplier? Purity® Method for purity evaluation  Pretreatment
Ag Metal silver D 100.001 % *£0.018 % Gravimetric analysis Surface etching
Al Metal aluminum B 99.999 % £0.001 % Impurity assessment Surface etching
As Arsenic trioxide® A 100.001 % #0.015 % Redox coulometry 110 °CX2h
B Boric acid B 99.97 % %0.06 % Neutralization coulometry None
Ba Barium carbonate G 100.00 % £0.16 % Chelatometric titrimetry 110 °CX2h
Be Beryllium oxide B 100.03 % *£0.11 % Gravimetric analysis 110 °CX3h
Bi Metal bismuth H 100.000 % =£=0.001 % Impurity assessment ¥ Surface etching
Br Potassium bromide F 99.983 % £0.015 % Gravimetric analysis 500 °CX2h
BrO; Potassium bromate B — Redox titrimetry® ¥ None
Ca Calcium carbonate A 99.824 % =*0.030 % Chelatometric titrimetry 110 °CX2h
Cd Metal cadmium B 100.000 % *£0.001 % Impurity assessment Surface etching
Cr Sodium chloride® A 100.000 % £0.047 % Precipitation coulometry 600 °CX2h
ClOy Sodium chlorate B — Redox titrimetry® ® None
CN- Potassium cyanide B - Complexometric titrimetry® ?  None
Co Metal cobalt D 100.00 % *0.01 % Impurity assessment Surface etching
Cs Cesium chloride B 99.999 % #0.009 % Gravimetric analysis 400 °CX3h
Cu Metal copper E 99.998 % %0.002 % Impurity assessment Surface etching
Fe Metal iron I 99.994 % +0.003 % Impurity assessment Surface etching
Ga Metal gallium E 99.975 % £0.029 % Impurity assessment Surface etching
Hg Mercury(II) chloride B 99.901 % %0.048 % Chelatometric titrimetry None
I Potassium iodide F 99.963 % %0.015 % Precipitation coulometry 3 days under vacuum
In Metal indium B 99.983 % £0.020 % Impurity assessment Surface etching
K Potassium chloride B 99.988 % #0.002 % Gravimetric analysis 500 °CX4h
Li Lithium carbonate G 99.763 % %0.028 % Gravimetric analysis 200 °CX24h
Mg hMe:%;;:;;;riesulfate B — Chelatometric titrimetry? None
Mn Metal manganese D 100.00 % £0.01 % Impurity assessment Surface etching
Mo Metal molybdenum J 99.985 % £0.017 % Impurity assessment Surface etching
Na Sodium chloride K 99.989 % £0.011 % Gravimetric analysis 600 °CX2h
NH;"  Ammonium chloride ¥ A 99.977 % £0.067 % Redox coulometry® 6 h in dry desciccator
Ni Metal nickel E 99.980 % £0.023 % Impurity assessment Surface etching
NO, Sodium nitrite C 99.57 % +0.18 % Gravimetric analysis” 110 °CX4h
NO;  Potassium nitrate C 99.71 % %0.14 % Gravimetric analysis” 130 °CX4h
Pb Metal lead D 99.998 % #0.002 % Impurity assessment Surface etching
po,-  Potassium dihydrogen B 100.12 % +0.18 % Neutralization coulometry 110 °CX5h
phosphate
Rb Rubidium chloride B 99.33 % +0.09 % Gravimetric analysis 500 °CX1h
Sb Antimony trioxide E 99.828 % £0.017 % Redox coulometry'? 105 °CX3h
Se Metal selenium E 99.9998 % 0.0003 % Impurity assessment' Surface etching
Si Silicon dioxide B 99.65 % %0.07 % Gravimetric analysis 800 °CX1h
Sn Metal tin B 99.999 % £0.001 % Impurity assessment Surface etching
SO*  Sodium sulfate B — Ion chromatography? 500 °CX1h
Sr Strontium carbonate B 100.02 % %0.08 % Chelatometric titrimetry 110 °CX2h
Te Metal tellurium A 99.992 % *£0.017 % Gravimetric analysis'? Surface etching
Ti Metal titanium E 99.939 % *£0.003 % Impurity assessment Surface etching
Tl Thallium(I) nitrate B 99.87 % %0.26 % Chelatometric titrimetry 110 °CxX4h
TOC Potassium hydrogen A 100.003 % 0,043 % Neutrali;ation. coulome?try 120 °CX1h
phthalate ® and gravimetric analysis
\% Metal vanadium D 99.91 % %0.02 % Impurity assessment Surface etching
Y Yttrium oxide B 99.591 % =£0.046 % Chelatometric titrimetry 800 °CX2h
Zn Metal zinc® A 99.995 % *£0.008 % Impurity assessment Surface etching
Zr Metal zirconium L 99.968 % +0.040 % Chelatometric titrimetry Surface etching

a) NMIJ CRM, whose purity is certified value of CRM. b) A, National Metrology Institute of Japan;

Chemical;
Showa Denk
(k=2).

D, Osaka Asahi Metal Mfg.;
0; J, Tokyo Tungsten;

E, Sumitomo Metal Mining;

K, Manac Incorporated; L, Nikko Materials.
d) This method was directly applied to the measurement of the standard solution.

F, Sigma-Aldrich; G, Soekawa Chemical;

B, Wako Pure Chemical Industries;

H, Mitsubishi Metal,

C, Kanto

L

¢) Independently measured values and expanded uncertainties
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Table 2  Preparation conditions of standard solutions and analytical methods for stability tests
Standard fr'clMciiS(in Solvent Bottle Bottle Analytical method Typical
solution /o ke material”  size/mL for stability test repeatability®
Ag 1.0 Nitric acid 0.7 % HDPE 100 Precipitation titrimetry 0.04 %
Al 1.0 Nitric acid 0.8 % and hydrochloric acid 1.1 % HDPE 100 Chelatometric titrimetry 0.02 %
As 1.0 Ammonia water neutralized with HC1 HDPE 100 Redox titrimetry 0.03 %
B 1.0 Water HDPE 100 Neutralization titrimetry 0.01 %
Ba 1.0 Nitric acid 0.5 % HDPE 100 Chelatometric titrimetry 0.03 %
Be 1.0 Sulfuric acid 4.5 % HDPE 100 ICP-OES 0.09 %
Bi 1.0 Nitric acid 6.7 % HDPE 100 Chelatometric titrimetry 0.01 %
Br 1.0 Water HDPE 100 Ion chromatography 0.10 %
BrO; 2.0 Water HDPE 100 Redox titrimetry 0.01 %
Ca 1.0 Nitric acid 0.3 % HDPE 100 Chelatometric titrimetry 0.03 %
Cd 1.0 Nitric acid 1.3 % HDPE 100 Chelatometric titrimetry 0.02 %
Cr 1.0 Water HDPE 100 Ton chromatography 0.05 %
ClOy 1.0 Water HDPE 100 Redox titrimetry 0.03 %
CN 1.0 Potassium hydroxide 2.8 % HDPE 100 Complexometric titrimetry 0.03 %
Co 1.0 Nitric acid 1.2 % HDPE 100 Chelatometric titrimetry 0.01 %
Cs 1.0 Water HDPE 100 Ion chromatography 0.08 %
Cu 1.0 Nitric acid 0.8 % HDPE 100 Chelatometric titrimetry 0.01 %
Fe 1.0 Nitric acid 1.1 % HDPE 100 Chelatometric titrimetry 0.02 %
Ga 1.0 Nitric acid 3.0 % HDPE 100 Chelatometric titrimetry 0.02 %
Hg 1.0 Nitric acid 0.3 % Glass 100 Chelatometric titrimetry 0.01 %
I 1.0 Water HDPE 100 Ion chromatography 0.04 %
In 1.0 Nitric acid 3.2 % HDPE 100 Chelatometric titrimetry 0.02 %
K 1.0 Water HDPE 100 Ion chromatography 0.12 %
Li 1.0 Nitric acid 0.4 % HDPE 100 Ion chromatography 0.15%
Mg 1.0 Water HDPE 100 Chelatometric titrimetry 0.01 %
Mn 1.0 Nitric acid 0.8 % HDPE 100 Chelatometric titrimetry 0.01 %
Mo 1.0 Nitric acid 1.4 % and hydrochloric acid 1.3 % HDPE 100 Chelatometric titrimetry 0.07 %
Na 1.0 Water HDPE 100 Ion chromatography 0.12%
NH4 1.0 Water HDPE 100 Ion chromatography 0.03 %
Ni 1.0 Nitric acid 1.2 % HDPE 100 Chelatometric titrimetry 0.01 %
NOy 1.0 Water HDPE 100 Ion chromatography 0.10 %
NO5y 1.0 Water HDPE 100 Ion chromatography 0.11 %
Pb 1.0 Nitric acid 2.4 % HDPE 100 Chelatometric titrimetry 0.01 %
PO* 1.0 Water HDPE 100 Ion chromatography 0.10 %
Rb 1.0 Water HDPE 100 Ion chromatography 0.09 %
Sb 1.0 Hydrochloric acid 9.2 % HDPE 100 Redox titrimetry 0.03 %
Se 1.0 Nitric acid 1.3 % HDPE 100 Redox titrimetry 0.04 %
Si 1.0 Sodium carbonate solution HDPE 100 ICP-OES 0.12 %
Sn 1.0 Hydrochloric acid 10 % HDPE 100 Chelatometric titrimetry 0.08 %
SO,* 1.0 Water HDPE 100 Ion chromatography 0.09 %
Sr 1.0 Nitric acid 0.5 % HDPE 100 Chelatometric titrimetry 0.02 %
Te 1.0 Hydrochloric acid 3.5 % HDPE 100 Redox titrimetry 0.06 %
Ti 1.0 Nitric acid 1.1 % and hydrofluoric acid 0.4 % PFA 100 ICP-OES 0.07 %
Tl 1.0 Nitric acid 6.1 % HDPE 100 Chelatometric titrimetry 0.06 %
TOC 1.0 Water Glass 100 Ion chromatography 0.24 %
\% 1.0 Nitric acid 0.9 % HDPE 100 Chelatometric titrimetry 0.02 %
Y 1.0 Nitric acid 0.4 % HDPE 100 Chelatometric titrimetry 0.01 %
Zn 1.0 Nitric acid 0.4 % HDPE 100 Chelatometric titrimetry 0.01 %
Zr 1.0 Sulfuric acid 2.9 % HDPE 100 Chelatometric titrimetry 0.02 %

a) HDPE, high density polyethylene;

PFA, perfluoroalkoxy alkane.

b) Expressed as relative standard deviation of measurements.
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Fig. 1 Dependence of solvent evaporation rate on total
acid concentration of standard solutions

Storage conditions: O, HDPE bottle was sealed in an
aluminum-laminated plastic bag and stored refrigerated;
A\, HDPE bottle was stored refrigerated; [1, HDPE bottle
was stored at room temperature. This graph plots each
standard solution shown in Table 2 according to its total
acid concentration.
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Fig. 2 Evaporation of solvent in standard solution for
each storage condition

(a) storage conditions: /A, HDPE bottle was stored
refrigerated; [1, HDPE bottle was stored at room
temperature.  (b) storage condition: O, HDPE bottle
was sealed in an aluminum-laminated plastic bag and
stored refrigerated.

Table 3 Mass change rate of standard solution in

HDPE bottle
Rate of mass Standard
Storage .
L Sealed” change uncertainty
condition
per year of the rate
room temp. - -0.131 % 0.002 %

8 °Cx2 °C - -0.0130 % 0.0002 %

8 °Ct2 °C O -0.00078 % 0.00018 %

a) in an aluminum-laminated plastic bag.
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Fig.3 Stability of silver mass in silver standard solution

The solid line is the regression line passing through the
origin by the least squares method.
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Table 4  Trend analysis of mass of target element or ions in the standard solution

BUNSEKI KAGAKU

Vol. 69 (2020)

Standard Slope of linear Number Observation period Statistical significance Usolute PET year of
solution regression per year” of data /year of the slope expiration®
Ag -0.002 % +0.011 % 14 1.7 no 0.011 %
Al -0.002 % +0.002 % 10 11.7 no 0.0017 %
As -0.012 % +0.004 % 13 5.7 Significant 0.016 %
B -0.050 % +0.005 % 5 4.8 Significant 0.055 %
Ba -0.004 % +0.004 % 8 6.6 no 0.0038 %
Be 0.008 % +0.012 % 4 5.8 no 0.012 %
Bi -0.003 % +0.002 % 10 11.9 no 0.0016 %
Br -0.007 % +0.009 % 7 4.9 no 0.0085 %
BrOy -0.008 % +0.001 % 43 6.4 Significant 0.0092 %
Ca 0.002 % +0.002 % 10 9.8 no 0.0023 %
Cd -0.002 % +0.002 % 11 11.6 no 0.0025 %
Cr 0.007 % +0.004 % 7 5.0 no 0.0039 %
CIOy 0.001 % +0.002 % 35 6.1 no 0.0019 %

CN -3.0 % +0.1 % 2 0.5 Significant 3.1 %
Co -0.001 % +0.001 % 13 12.0 no 0.0014 %
Cs 0.001 % +0.004 % 6 7.1 no 0.0041 %
Cu -0.006 % +0.002 % 13 12.0 Significant 0.0081 %
Fe -0.005 % +0.003 % 11 11.6 no 0.0026 %
Ga -0.001 % +0.003 % 10 6.7 no 0.0033 %
Hg 0.019 % +0.014 % 4 1.2 no 0.014 %
I -0.015 % +0.005 % 23 2.3 Significant 0.020 %
In -0.005 % +0.002 % 14 57 Significant 0.0072 %
K 0.004 % +0.003 % 7 4.5 no 0.0029 %
Li -0.003 % +0.002 % 6 6.4 no 0.0017 %
Mg 0.013 % +0.032 % 5 1.8 no 0.032 %
Mn 0.005 % +0.003 % 10 9.5 no 0.0034 %
Mo 0.007 % +0.009 % 8 2.0 no 0.0087 %
Na 0.001 % +0.004 % 7 4.1 no 0.0038 %
NH4" -0.011 % +0.005 % 8 1.9 no 0.0052 %
Ni 0.003 % +0.001 % 13 10.3 no 0.0014 %
NOy -0.33 % +0.07 % 12 0.5 Significant 041 %
NO5y -0.005 % +0.004 % 12 4.8 no 0.0043 %
Pb 0.003 % +0.001 % 9 10.8 Significant 0.0036 %
PO, 0.009 % +0.003 % 8 5.6 Significant 0.013 %
Rb 0.001 % +0.002 % 6 6.9 no 0.0016 %
Sb -0.001 % +0.006 % 6 2.7 no 0.0060 %
Se 0.007 % +0.004 % 6 10.0 no 0.0037 %
Si 0.019 % +0.019 % 4 2.0 no 0.019 %
Sn -0.024 % +0.012 % 10 59 no 0.012 %
SO.* 0.003 % +0.011 % 6 3.1 no 0.011 %
Sr -0.005 % +0.003 % 5 3.1 no 0.0031 %
Te 0.007 % +0.003 % 12 10.3 Significant 0.010 %
Ti 0.005 % +0.016 % 4 1.3 no 0.016 %
Tl 0.003 % +0.013 % 5 32 no 0.013 %
TOC 0.032 % +0.019 % 10 1.0 no 0.019 %
\% -0.004 % +0.006 % 11 55 no 0.0060 %
Y 0.037 % +0.020 % 6 1.1 no 0.020 %
Zn -0.0004 % +0.0005 % 11 14.2 no 0.0005 %
Zr 0.022 % +0.001 % 6 2.5 Significant 0.024 %

a) The values after "+" represent standard deviation of the slope.
solution per year of expiration.

b) Relative standard uncertainty of mass of target element or ion in the standard
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The stability of long-term storage was evaluated for 37 metal standard solutions and 12 non-metal ion standard
solutions. A Resin bottle or a glass bottle was used, depending on the kind of the standard solution. In
addition, a case where the resin bottle was sealed in an aluminum-laminated plastic bag was also examined.
The storage conditions were room temperature storage and refrigerated storage. In the stability test, the solution
mass in the bottle and the mass fraction of the target element or ions in the solution were monitored. Since the
solution mass showed a decreasing tendency due to a evaporation of the solvent, the influence of the evaporation
on the mass fraction of the target element or ions was evaluated based on the decrease rate of the solution mass.
In addition, the stability of the target element or ions was evaluated by calculating the mass of the target element
or ions in the standard solution as the product of the solution mass and the mass fraction of the target element or
ions, and by estimating the dependence of the mass on storage period. In consideration of these two evaluation

results, the uncertainty of the long-term stability of the standard solution was evaluated.

Keywords: metal standard solution; non-metal ion standard solution; long-term storage; stability; uncertainty.
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