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1 Isotopic reference materials certified for isotope amount ratio (abundance ratio)

1.1 Uranium

Uranium hexafluoride

Code Description Amount ratios Unit size
n(®*U)/n(>%8V) n(2%U)/n(*8U) n(2%eU)/n(%8U)
IRMM-019 UFs solid 0.000 006 846(31) 0.001 677 49(48) 0.000 036 523(85) 20¢g
IRMM-020 UFs solid 0.000 011 923(51) 0.002 095 71(60) 0.000 286 15(11) 20¢g
IRMM-021 UFs solid 0.000 024 846(76) 0.004 405 21(71) 0.000 000 026 57(78) 20¢g
IRMM-022 UFs solid 0.000 053 275(85) 0.007 256 2(12) 0.000 000 241 5(25) 20g
IRMM-023 UFs solid 0.000 339 50(11) 0.033 8814(54) 0.000 000 115 3(17) 20¢g
IRMM-024 UFs solid 0.000 290 75(14) 0.053 254(15) 0.000 516 96(13) 20¢g
IRMM-025 UFs solid 0.000 122 452(90) 0.020 435 6(55) 0.000 148 386(83) 20¢g
IRMM-026 UFs solid 0.000 149 41(10) 0.025 679 1(75) 0.000 207 30(11) 20¢g
IRMM-027 UFs solid 0.000 231 59(13) 0.041 717(12) 0.000 387 39(11) 20 g

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.




RE-
CERTIFIED

Uranium solutions

Amount ratios

Code Description Unit size
n(234u)/n (238u) n(235u)/n (238u) n(236u)/n(238u)
5 M HNO 1gUin5mL
@MM&SC& solution : 0.000 019 814(14) 0.003 218 26(52) 0.000 148 492(30) d
5 M HNO 1gUin5mL
S IRMM-184 soluition : 0.000 053 196(16) 0.007 263 1(11) 0.000 000 124 10(96) g
5 M HNO 1gUin5mL
IRMM-185 solution : 0.000 179 659(39) 0.020 065 9(32) 0.000 002 907 (12) g
5 M HNO 1gUin5mL
IRMM-186 soluition $ 0.000 293 966(64) 0.030 789 4(48) 0.000 033 388 (34) g
5 M HNO 1gUin5mL
IRMM-187 solLtion 3 0.000 387 298(91) 0.047 343 0(75) 0.000 072 049 (38) g

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.




Uranium solutions (cont.)

Isotope amount fraction (-100)

Amount ratios

Code Description Unit size
n(%3U)/n(V) nG4U)V) | n®EU)n(U) n(%%¢U)/n(V) n(%%8U)/n(V) n(3U)/In(#8U) |n(**3U)/In(*8U)
EC.NRM.199 | 5 M HNOs 10 mg U
-NRM- solution 33.306 4(59) | 0.068 3(03) [33.3110(40) | 0.008 2(03) 33.306 1(49) | 1.000 15(20) 1.00001(30)|  in5mL
1 M HNOs 0.05 mg U
IRMM-3100a solution 25.417 3(34) | 0.009 562(50)| 25.029 89(64) | 24.921 37(69) 24.621 9(33) in 1 mgL

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.




NEW

Uranium solutions (cont.)

Amount ratios

Code Description Unit size
n(234u)/n (238u) n(235u)/n (238u) n(236u)/n (238u)

i IRMM-3020 / 1 M HNO 5mguUinlmL/
IRMM-3020-5 / uti : 0.000 004 931(35) 0.254 264(41) 0.000 009 805(63) 25mg Uin5mL/
IRMM-3020a solution 200 pg U in 4 mL
IRMM-3035 / 1 M HNOs 5mgUinlmL/
IRMM-3035a solution 0.000 010 699(69) 0.548 531(89) 0.000 021 214(86) 200 pg U in 4 mL
IRMM-3050 / 1 M HNOs 5mgUinlmL/
IRMM-3050a solution 0.000 019 91(13) 1.023 59(18) 0.000 039 69(12) 200 pg U in 4 mL
IRMM-3075 / 1 M HNO3 SmgUu ?n 1mL/
IRMM-3075-5 / solution 0.000 054 73(35) 2.818 72(44) 0.000 109 66(20) 25mgUin5SmL/
IRMM-3075a 200 pg U in 4 mL
IRMM-3090 / 1 M HNOs S5mgUinl1lmL/
IRMM-3090-5 / solution 0.000 127 70(83) 6.577 31(92) 0.000 256 42(34) 25mgUin5mL/
IRMM-3090a 200 pg U in 4 mL

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.

Remark: IRMM-3035-5 and IRMM-3050-5 do not exist, see certification report.




NEW

Uranium solutions (cont.)

Amount ratios

Code Description Unit size
n(234U)/n (238U) n(235U)/n (238U) n(236U)/n (238U)
IRMM-2019 1 M HNO3 0.000 006 846(31) 0.001 677 49(48) 0.000 036 523(85) 10mg U in 5 mL
solution
IRMM-2020 1 M HNO3 0.000 011 923(51) 0.002 095 71(60) 0.000 286 15(11) 10 mg U in 5 mL
solution
IRMM-2021 15'\c’)'h';i':‘)g3 0.000 024 846(76) 0.004 405 21(71) | 0.000 000 026 57(78) 10 mg U'in 5 mL
IRMM-2022 18'\(;'&:2‘)23 0.000 053 275(85) 0.007 256 2(12) 0.000 000 241 5(25) 10mg Uin 5 mL
IRMM-2023 18'\3'&::‘)23 0.000 339 50(11) 0.033 8814(54) 0.000 000 115 3(17) 10 mg U'in 5 mL
IRMM-2024 15'\3'“'1‘:323 0.000 290 75(14) 0.053 254(15) 0.000 516 96(13) 10mg Uin 5 mL
IRMM-2025 15'\3"32‘)23 0.000 122 452(90) 0.020 435 6(55) 0.000 148 386(83) 10 mg U'in 5 mL
IRMM-2026 18'\3'&::‘)23 0.000 149 41(10) 0.025 679 1(75) 0.000 207 30(11) 10 mg U'in 5 mL
IRMM-2027 1 M| F:_NOS 0.000 231 59(13) 0.041 717(12) 0.000 387 39(11) 10 mg U'in 5 mL
solution
1 M HNO3 .
IRMM-2028 b 0.000 610 41(27) 0.037 576(12) 0.005 194 3(11) 10mg Uin 5 mL
IRMM-2029 13'\(;'“';::‘)23 0.000 844 44(37) 0.044 052(13) 0.010 556 3(22) 10 mg U in 5 mL
IRMM-2030 15'\(;"3:?')23 0.000 529 68(23) 0.062 659(20) 0.000 066 513(27) 10mg Uin 5 mL

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.




Certified Isotopic Reference Material set to test the response of mass spectrometers

Amount ratios

Code Description Unit size

n(22U)/n (3V) n(2U)/n (V) n(2U)/n (V)

IRMM-073/1 1.000 33(36) 0.991 36(30) 0.991 03(20)

IRMM-073/2 0.699 67(25) 0.693 85(21) 0.991 68(20)

IRMM-073/3 0.499 85(18) 0.495 91(15) 0.992 12(20)

IRMM-073/4 0.299 86(11) 0.297 630(90) 0.992 56(20)

IRMM-073/5 0.100 014(36) 0.099 313(30) 0.992 99(20)

IRMM-073/6 0.050 092(18) 0.049 746(15) 0.993 10(20)

IRMM-073/7 1.6 M HNO3 0.019 993 6(72) 0.019 857 0(60) 0.993 17(20) 3pgUin2mL

IRMM-073/8 solution 0.010 164 2(37) 0.010 095 0(30) 0.993 19(20)

IRMM-073/9 0.005 000 0(18) 0.004 966 0(15) 0.993 20(20)

IRMM-073/10 0.002 001 19(72) 0.001 987 60(60) 0.993 21(20)

IRMM-073/11 0.000 968 92(35) 0.000 962 34(29) 0.993 21(20)

IRMM-073/12 0.000 500 88(18) 0.000 497 48(15) 0.993 21(20)

IRMM-073/13 0.000 101 821(37) 0.000 101 130(30) 0.993 21(20)

IRMM-073/14 0.000 019 995 8(72) 0.000 019 860 0(60) 0.993 21(20)

IRMM-073/15 0.000 001 999 48(72) 0.000 001 985 90(60) 0.993 21(20)

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.




Certified Isotopic Reference Material set to test the response of mass spectrometers (cont.)

Amount ratios

Code Description Unit size
n(%3U)/n(%5U) n(%3U)/n(238U) n(%5U)/n(%8U)
IRMM-074/1 1.026 85(26) 1.027 11(26) 1.000 254(15)
IRMM-074/2 0.307 993(77) 0.308 072(77) 1.000 258(15)
IRMM-074/3 0.010 228 8(26) 0.010 231 4(26) 1.000 259(15)
IRMM-074/4 0.003 073 58(77) 0.003 074 37(77) 1.000 259(15)
0.2mgUin
IRMM-074/5 1M HNOs 0.001 030 61(26) 0.001 030 88(26) 1.000 259(15) 2 mL solution
IRMM-074/6 solution 0.000 307 778(77) 0.000 307 858(77) 1.000 259(15)
IRMM-074/7 0.000 102 603(26) 0.000 102 629(26) 1.000 259(15)
IRMM-074/8 0.000 030 801 1(77) 0.000 030 809 1(77) 1.000 259(15)
IRMM-074/9 0.000 008 158 7(20) 0.000 008 160 8(20) 1.000 259(15)
IRMM-074/10 0.000 001 018 86(25) 0.000 001 019 13(25) 1.000 259(15)

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-u; where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.




Certified Isotopic Reference Material set to test the response of mass spectrometers (cont.)

Amount ratio

Code Description n(235U)/n (%80) Unit size
IRMM-075/1 1.044 33(37) - 104
IRMM-075/2 1.114 160(40) - 10°

IRMM-075/3 1.04093(36) - 10° 1mgUin

1M HNOs .

1 mL solution

IRMM-075/4 solution 1.113 742(40) - 107
IRMM-075/5 1.06519(75) - 10
IRMM-075/6 1.088 5(63) - 10°

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.

They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.
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1.2 Plutonium

Certified Isotopic Reference Material for Mass Spectrometry Measurements

Amount ratio

Code Description n(Z®Pu)in(2*2Pu) Unit size
IRMM-290/G1 0.101 36(10)
IRMM-290/E1 0.232 12(23) 1mg
IRMM-290/C1 Plutonium nitrate 0.466 52(47)
IRMM-290/A1 solid 1.025 1(10) A set consists of
IRMM-290/B1 2.310 1(23) seven samples, one of each
IRMM-290/D1 4.656 7(47) category A through G
IRMM-290/F1 10.057(10)

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.
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Certified Isotopic Reference Materials for Mass Spectrometry Measurements (cont.)

o Amount ratio o
Code Description n(23Pu)/n(22Pu) Unit size

IRMM-290a/G2 0.101 88(10)
IRMM-290a/E2 0.235 75(24) 1 mg
IRMM-290a/C2 Plutonium nitrate 0.476 28(48)
IRMM-290a/A2 solid 1.013 5(10) A set consists of
IRMM-290a/B2 2.286 9(23) seven units, one of each
IRMM-290a/D2 4.545 7(46) category A through G
IRMM-290a/F1 10.057(10)

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.

12



Certified Pu Isotopic Reference Materials for Mass Spectrometric Measurements (cont.)

Amount ratio

Code Description n(23Pu)/n (22Pu) Unit size
IRMM-290b/G3 0.099 93(10)
IRMM-290b/E3 0.229 39(23) 1mg

IRMM-290b/C3

IRMM-290b/A3

IRMM-290b/B3

IRMM-290b/D3

IRMM-290b/F1

Plutonium nitrate
solid

0.477 06(48)
1.000 7(10)
2.253 7(23)
4.787 8(48)

10.057(10)

A set consists of
seven units, one of each

category A through G

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.
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2 Isotopic reference materials certified for isotope amount content

2.1 Uranium

Uranium solutions

14

Code Description Isotope amount content Isotope enrichment Unit size
IRMM-054 5M H!\|03 3.954 3(12) pmol 235.g1 n(3>U)/n(V) = 0.932 5mL
solution
IRMM-3636a 1M H!\|03 0.211 906(26) pmol 236Y.g1 n(?%U)/n(?%¢U) = 1.019 06 1mL
solution
0.215 945(35) umol 233.gt
IRMM-3636b 1 M HNOs 10.981 9(30) nmol 236y.g1 | n(*33U)/n(**¢U) = 1.019 06 1mL
solution
11.191 2(33) nmol 233Y.gt
IRMM-3660a 1 M HNOs 0.422 385(44) umol 236y.g1 | n(*¢U)/In(U) = 0.9997 1 mL
solution
IRMM-3660b 1 MIH!\I03 42.643(11) nmol 236y.g1 | n(*¢U)/In(U) = 0.9997 1 mL
solution

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.

They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.
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2.2 Plutonium

Plutonium solutions

Code Description Isotope amount content Isotope enrichment Unit size
IRMM-049e 5M HNOs 0.358 28(45) pmol 242py.gt n(**2Pu)/n(Pu) = 0.948 10 mL
solution
IRMM-083 2 |\/|I HNOs 3.406 4(22) pmol 240py.gt n(?*°Pu)/n(Pu) = 0.9897 1mL
solution

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.




2.3 Uranium/plutonium mixtures

Code Description Isotope amount content Isotope enrichment Unit size

U-Pu solid spike 18.300 9(26) umol  235U.g1 m(%35U)/m(V) =0.190

IRMM-1027w (dried nitrate) 2.964 4(12) pmol  23%Pu.g? m(?*°Pu)/m(Pu) =0.978 259
U-Pu solid spike 17.605 9(25) pmol  23%U.-g? m(?35U)/m(V) =0.192

IRMM-1027v (dried nitrate) 2.968 0(12) umol  23%Pu.g? m(%°Pu)/m(Pu) =0.978 25¢g
U-Pu solid spike 17.659 0(21) umol  235U.gt m(235U)/m(U) =0.189

IRMM-1027u (dried nitrate) 3.008 9(12) umol  23%puy-g?t m(2°Pu)/m(Pu) =0.978 25¢g
U-Pu solid spike 15.358 7(19) pmol  5U.g? m(?35U)/m(V) =0.194

IRMM-1027t (dried nitrate) 2.936 6(12) pmol 239py.g1 | m(#°Pu)/m(Pu) =0.978 25¢g

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.



2.4 Americium

Code Description Isotope amount content Isotope enrichment Unit size
IRMM-0243 1 M HNOs 5.696(11) nmol 243Am-g'1 n(243Am)/n(Am) = 0.880 058 3.5mL
solution
n(#**Am)/n(Am) = 0.119 809

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k= 2. They apply to the last digit(s) of the value.
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3 Reference materials certified for element amount content

Code Description Element amount content Unit size
EC-NRM-101 natural uranium metal 999.85(5) mg u-g? 0.65-1.75¢g
EC-NRM-106 natural uranium dioxide pellets 881.43(24) mg u.g? 17049
EC-NRM-110 depleted uranium dioxide pellets 881.34(13) mg u.g? 28¢
EC-NRM-113 uranium ore 3.211(84) mg uU.g? 100 or 200 g
EC-NRM-114 uranium ore 1.636(58) mg uU-.g? 100 or 200 g

All uncertainties indicated are ISO/IEC expanded uncertainties U = k-uc where uc is the combined uncertainty.
They are given in parentheses and include a coverage factor k = 2. They apply to the last digit(s) of the value.



4 Reference materials certified for the production date ("age dating")

Code Description Production date based on the n(?°Th)/n(**U) radio- Unit size
chronometer
IRMM-1000a Uranyl nitrate 09/07/2012 (UTC) £ 13 day 20 mg
(dried)
IRMM-1000b Uranyl nitrate 09/07/2012 (UTC) £ 13 day 50 mg
(dried)

The production date is the date of the last chemical purification of 239Th from 234U in the uranium reference material.

The production date is expressed as dd/mm/yyyy, relative to the coordinated universal time (UTC).

The uncertainty is the expanded uncertainty with a coverage factor k = 2 corresponding to a level of confidence of about 95 % estimated with ISO/IEC
Guide 98-3, Guide to the Expression of Uncertainty in Measurement (GUM), 1SO, 2008.



5 Reference materials certified for the ®°Co massic activity

Code Description Massic activity of °Co at reference date Unit size
1 November 2017, 00h00 CET

EURM-800 Stainless steel disk 177 £ 6 Bg'kg™! 769

EURM-801 Stainless steel disk 1301 + 35 Bg'kg? 76 g

The uncertainty is the expanded uncertainty with a coverage factor k = 2 corresponding to a level of confidence of about 95 % estimated
with ISO/IEC Guide 98-3, Guide to the Expression of Uncertainty in Measurement (GUM), 1SO, 2008.



6 Oxide microspheres for reactor neutron fission dosimetry

The fissile nuclide of interest in IRMM-501 is 238U. Impurities of 235U cause interferences during application and therefore both the uranium mass fraction, and the

238/U and the 235U/U abundances are certified. The fissile nuclide of interest in IRMM-502 is 23’Np.

Code Description Mass fraction Isotope mass fraction Unit size
. 999.989 6(5) mg 23€U-U g? A: 0.5 mm spheres (100 mg UO>)
.01
IRMM-501* U0 879.4(28) mgU-g 10.4(5) ug 2%5U-U gt B: 1.0 mm spheres (100 mg UOy)
IRMM-502* 27NpO2 873(7) mg Np-g?! / A: 0.5 mm spheres (100 mg NpOz2)

* Sales are limited to 1 g per customer per year. These reference materials are dispatched as radioactive transports. Additional licenses may be
required prior to shipment.
All uncertainties indicated are ISO/IEC expanded uncertainties U=k-U. where u. is the combined uncertainty. They are given in parentheses and
include a coverage factor k=2. They apply to the last digit(s) of the value.
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7 Uranium particle reference materials

0.000 421 56(18)

0.051 025(15)

0.000 062 641(87)

Code Description Isotope amount ratio Unit size
n(234u)/n (238u) n(235u)/n (238u) n(236u)/n (238u)
[mol/mol] [mol/mol] [mol/mol]
0.000 340 83(19) 0.033 902(12) 0.000 030 21(12) Graphite
IRMM-2329P | UsOs particle planchet
Uranium amount per particle Uranium mass per particle Number of uranium
[fmol] [pg] atoms per particle
n(U)=15.1+2.6 m(U) = 3.58 + 0.63 N(U) =9.1-10° + 1.6-10°
n(234u)/n (238u) n(235u)/n (238u) n(236u)/n (238u) -
[mol/mol] [mol/mol] [mol/mol] Graphite
IRMM-2331P | UsOs particle planchet

The uncertainty is the expanded uncertainty with a coverage factor k = 2 corresponding to a level of confidence of about 95 % estimated in accordance

with ISO/IEC Guide 98-3, Guide to the Expression of Uncertainty in Measurement (GUM:1995), 1ISO, 2008.
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