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Standardization plays important roles in various fields of technology and trade for convenience and mutual
recognition. In this article, author’s activities based on calorimetry and thermal analysis for the standardization
concerning quality assurance of measurements are briefly described. For the quality assurance including establishment
of metrological traceability, certified reference materials for calibration of analytical instruments were developed by
using adiabatic calorimetry and differential scanning calorimetry (DSC). Cyclohexane was validated as a reference
material for DSC calibration in a round robin test (RRT) conducted by the working group on standardization in Japan
Society of Calorimetry and Thermal Analysis. The RRT results indicate that appropriate calibration with suitable
reference materials reduces significant biases in both temperature and enthalpy. The author also participated in a
project for standardization of ionic liquids conducted by ITUPAC. Our measurement capability in calorimetry was
validated by agreement of our reported thermodynamic quantities of a reference ionic liquid with those by other
participants. Based on the validated capability, we clarified that origin of low melting point of some ionic liquids were
low entropy of crystal from the analysis of alkyl-chain-length dependences of thermodynamic quantities.
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Fig.1 Equilibrium temperature against 1/f and 1/(f+a) plots

of NMIJ CRM 4013-a, p-xylene during fusion: 1/f (X);

1/(f+a) (O); regression line of temperature on 1/(f+a) (—).%

Table 1 Characteristics of techniques for purity assay by freezing point depression method:
Approximate values in typical cases in NMIJ CRMs of high-purity VOCs are given in brackets.?

DSC
Adiabatic calorimetry
Stepwise scan Continuous scan
Thermodynamic condition Equilibrium Quasi-equilibrium Non-equilibrium
Thermal condition of system Adiabatic Isothermal Steady
Temperature resolution High (10* K - 10° K) Low (102 K)
Sample amount Large (>1g) Small (1 mg - 10 mg)
Measurement time Very Long (2 days — 7 days) Long (5 h -1 day) Short (1 h—10 h)
Accuracy Very high (>0.00001 mol mol™) High (>0.0001 mol mol™) Low (>0.0003 mol mol™)
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Fig.2 Verification scheme of NMIJ CRM.®
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Table 2 Certified values of NMIJ CRM 5401-a and their literature values.'®

Source T/ K Trs / K AgH /I mol™ AssH /I mol™
Certified value® 186.18+0.04 279.86+0.06 675070 2690+60
ICTAC 186.25+0.02 279.81+0.04 671374 2652+71

Parks and Huffman*® 185.9 279.3 6718 2610

Aston et al.*) 186.09 279.84 6686 2626

Ruehrwein and Huffman®® 186.10 279.82 6738 2676
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Table 3 Thermodynamic properties of [C,mim][Tf,N].%2529

Coiig(298.15K) Ty AqusH AgsS
13 Kt mol? K KImol?t  JIKYmol?

2 506.5 271.4 213 785

4 564.5 270.4 238 88.0

6 631.6 272.1 28.34 104.2

18 1051.6 327.1 715 222
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