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From 2003 to 2014, a study on the effect of isotopic 
composition on the triple point temperature of neon 
was conducted under the framework of a project in-
volving laboratories from 11 countries. Natural neon 
from commercial sources of different isotopic compo-
sition, high-purity 20Ne and 22Ne isotopes, and certified 
artificial isotopic mixtures were used. The thermomet-
ric studies comprised: a) a total of 131 analytical assays 
from three laboratories on the isotopic composition of 
samples taken from 31 different bottles of neon with 
chemical gas purity 99.99 mol % to 99.9995+ mol %, 
including chemical impurities for some samples, with 
up to 12 assays per sample; b) multi-laboratory ther-
mal analyses, with accuracies ranging up to better 
than 50 μK (k≈2), on 39 samples, almost all perma-
nently sealed in metal cells, for the determination of 
the liquidus-point temperature of the triple point as 
a function of isotopic composition. The thermometric 
studies also constitute an international inter-compar-
ison of thermal and analytical assays on the isotopic 
composition—and occasionally of the chemical impu-
rities—of neon. These tests are critically needed for 
top-accuracy thermometry. 

The main results of the inter-comparison of the 
various chemical assays, and of the comparisons be-
tween the assays and the results of thermal analyses, 

are reported. They show discrepancies in  x(20,21,22Ne), 
especially for x(22Ne), in ‘natural’ neon, for the same 
gas bottle, equivalent to an uncertainty of up to 165 
μK (k = 1) in the triple point temperature, as measured 
by all testing laboratories, and of about 100 μK (k = 1) 
as measured from a single testing laboratory. This is an 
unsatisfactory situation for thermometry, since it is dif-
ficult to obtain a reliable and accurate isotopic assay 
for neon, thus limiting the accuracy of the realisation of 
the neon triple point temperature as a ITS-90 reference 
point to well above 50 μK. However, it also discloses 
a strong limitation in the relevant analytical chemistry.
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This recommendation proposes a definition for the term 
“chalcogen bond”; it is recommended that the term is 
used to designate the specific subset of inter- and in-
tramolecular interactions formed by chalcogen atoms 
wherein the Group 16 element is the electrophilic site.

Critically evaluated propagation rate 
coefficients for radical polymerizations: 
acrylates and vinyl acetate in bulk 
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Arrhenius parameters capturing the temperature de-
pendence of radical polymerization propagation rate 
coefficients, kp, for methyl acrylate, butyl acrylate, and 
vinyl acetate in bulk are reported, based on the fitting 
of benchmark data sets compiled from independent 
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#   Assays   udecl (x(22Ne) 
×10–6)c

  Mean x(21Ne), 
u(x(21Ne))

  Mean x(22Ne), 
u(x(22Ne))

  ΔT(x (22Ne)) 
/μK

26/#0   (5) Japan 2011, KRISS2 2012a, 
Japan 2013(2)a, Japan 2014a

  —
182

45
—

  0.002632
0.000072

  0.092333
0.000280

  42

27   (3)KRISS2 2012a, Japan 2013a, 
Japan 2014a

  137
169

—

  0.000448
1.0E-04

  0.091744
8.6E-05

  13

28 
(12)/#00

  (3) Japan 2013 (2)a, Japan 2014a   62
—

  0.002657
0.000075

  0.092642
0.000220

  33

29/#X, 
#XB

  (3) Japan 2013 (2)a, Japan 2014a   64
—

  0.002673
0.000110

  0.092758
0.000170

  31

Note: Total 131 assays. For the sample number in column # refer to Table 1. The deeper a cell gray filling the higher the value of u.
ΔT(x(22Ne))  =  triple-point temperature equivalent of u: best total uncertainty budget for thermal measurements ΔTtp less than 
about 50 μK.
aCalibrated. bCanadian laboratory (low precision). cReported for each assay. dKRISS1: Bottle calibrated against a mixture of 3.3 % 
22Ne in 20Ne. eIncluding NMIJ #28 and #29. fIRMM reference gas. gIn parentheses: first, mean of only early assays; second, mean 
of only late assays (see the bottle/sample assay changes in Fig. 3).
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Fig. 2: Irreproducibility of subsequent assays for each of the gas samples in Table 1. Identical symbols of the same colour (or 
gray tone) indicate replicated analyses of the same bottle, either by the same laboratory or in different laboratories; amount 
fraction x is given in mol mol−1.
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chalcogen bond (ChB)
net attractive interaction between an 
electrophilic region associated with a 
chalcogen atom in a molecular entity 

and a nucleophilic region in another, or 
the same, molecular entity.


