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1.　はじめに
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1.1　熱量・比熱容量の定義
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2.　熱量測定と熱分析の現状

2.1　熱量測定
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2.1.3　伝導型熱量測定
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2.1.4　等温壁型熱量測定
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2.1.1　等温型熱量測定
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2.2　熱分析

2 11)

Thermal Analysis ICTAC International 

Confederation for Thermal Analysis and Calorimetry, 

DSC

DSC

DTA Differential Thermal Analysis, 

DTA 1950

1963 DSC Perkin-Elmer

DSC(DuPont )

2.1.5　その他の熱量測定
4

1000K

9)

10)

1000K
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表2
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2.2.1　DTA及びDSCの原理
2 (a) DTA (b) DSC (c) DSC

13) 3

DTA

DSC

DTA 14)

DSC

Mettler Netzch SII

AXS

DSC 1990 DuPont

TA

DSC

DSC

DSC

3 38 2002 43 2007

12) 38 96 65

161 43 84 44 128

2002 DSC 1/3 , 

TG-DTA 50 % 2007

TG-DTA 2002

DSC 40 %

DSC α

TG-DSC, DSC+ DSC

DSC DTA

表3

図2 DTA, DSC 
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DSC

2.2.2　DSCによる比熱容量測定
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Pure and Applied Chemistry

4

3.1　NISTの標準物質とその開発
3.1.1　NIST比熱容量標準物質

NIST RM ’SRM Standard Reference Materials ’

4 NIST

4

1977

SRM781D219) 2800

273.5K

1173.15K Bunsen ice calorimeter 

20) 1170.4K 2102.4K Adiabatic receiving 

c a l o r i m e t e r 2 1 ) 1 5 0 0 K 2 8 0 0 K H i g h -

speed(millisecond) Pulse-heating technique 22)

± 0.5 % T < 1200K ± 1.0 %

1200K < T < 1850K ± 2 % T = 2000K ± 3 % T = 

2800K 1982

α SRM720
23), 24) SRM720

10K 2250K

SRM781D2

3 10K 380K
25) 273K 1173K Bunsen ice 

calorimeter 26) 1173K 2250K Adiabatic receiving 

calorimeter 27) ± 

10 %(T = 10K) ± 0.1 %(T = 70K) ± 0.3 %(T = 1200K)

SRM781D2

1990

SRM705a 28) 10

350

図4

3.　比熱容量・熱量標準物質

ISO( ) ISO 30

RM Reference Materials

CRM Certified 

Reference Materials

RM CRM

NIST National  Inst i tute of  Standard and 

Technology PTB The Germany Physikalisch-

Technische Bundesanstalt LGC The UK 

Laboratory of the Government Chemist

IUPAC International Union of 

Product No. Material Temp [K] Unit size Certified date MSDS 

SRM 781D2 Molybdenum 273.15 – 2800 0.64 D ×10 cm 1977.4 2002.5 

SRM 720 Synthetic Sapphire 10 – 2250 15 g 1982.4 1992.7 

SRM 705a Polystyrene 10 – 350 5 g 1990.7 2002.5 

RM 5 Copper 25 – 300 0.19 D ×12 cm 1992.3 �
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33)

DSC34), 35) 2 36), 37)

SRM2220 DSC38) SRM2232

DSC DSC7
39) DSC

SRM2220

DSC NIST

SRM741a NPL

CRM-M16-01

SRM2232 SRM2220

DSC

SRM2220 SRM2232

5

SRM2232
40)  (28.6624 ± 0.0076) 

Jg 1 DSC  (28.51 ± 0.19) Jg 1

1/25 SRM2232

SRM223541), 42)

SRM2220

Drop calorimeter
20), 43), 44)

1992 RM5 29), 

30) RM5

35

3.1.2　NIST熱量標準物質
DTA TMA DSC

5 NIST

SRM2225

SRM2234 SRM2235 SRM2232

4 SRM2220

SRM2221a SRM2222

1990 International 

Temperature Scale of 1990; ITS-90
31), 32) 5 Product No.

SRM741a SRM1745 2007

1990 1998

Product No. Material Melting Temp [K] Enthalpy of Fusion[J g-1] Unit size Certified date MSDS 

SRM 2225 Mercury 234.30 ± 0.03 11.469 ± 0.008 2.5 g 1989.3 1993.3 

SRM 743  �38.8344 [�]  680g 1990.7 1993.3 

SRM 2220 Tin 505.08 ± 0.39 (505.10 ± 0.01) 56.57 ± 0.10 (60.216 ± 0.185) 
2.5 cm � 2.55 cm �

0.0127 cm 
1989.5 º�

SRM 741a  231.928 ± 0.00053 [�]
200g (millimeter size 

teardrop shot) 
2007.5 2002.5 

SRM 2234 Gallium 302.9146 ± 0.0001 80.097 ± 0.032 2 g 2004.9 2004.9 

SRM 1751  29.7646 ± 0.00007 [�]  200g 2004.3 2004.9 

SRM 2235 Bismuth 544.556 ± 0.005 53.146 ± 0.082 1.5 g 2004.1 2004.10 

SRM 2232 Indium 429.7485 ± 0.00034 28.51 ± 0.19 (28.6624 ± 0.0076) 1 g 2005.6 2005.6 

SRM 1745  156.5985 ± 0.00034 [�]  200g (10g ingot) 2007.5 2005.4 

SRM 2221a Zinc 692.74 ± 0.01 7026 ± 40 [J mol-1] å� !

SRM 740a  419.527 [�]  200g, shot   

SRM 2222 Biphenil 342.41 ± 0.27 120.41 ± 0.57  å� !

表5 NIST
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Laboratory LGC

LGC LGC 150

1996 4

7 LGC

CRM

50), 51) LGC

400K

DSC

660

LGC

CRM

3.4　IUPAC推奨標準物質

IUPAC 52), 53) IUPAC

Working Group Thermochemistry

8
54) NIST

α-

LGC

3.2　PTB標準物質とその開発
PTB NIST DTA/DSC CRM

4
45) 6

4

PTB GEFTA; 

German Society for Thermal Analysis DSC

DSC 46)

47), 48)

DSC

0.1 K/min 10 K/min , 

1

DSC
49)

表6 PTB

3.3　LGC標準物質とその開発
NPL National Physical 

Product No. Material Melting Temp [K] Enthalpy of Fusion [J g-1]

ZRM 31401 Gallium 302.930 ± 0.010 80.14 ± 0.32 

ZRM 31402 Indium 429.748 ± 0.004 28.64 ± 0.11 

ZRM 31403 Tin 505.078 ± 0.004 60.24 ± 0.27 

ZRM 31404 Bismuth 544.550 ± 0.010 53.14 ± 0.22 

Product No. Material Melting Temp [�]
Enthalpy of 

Fusion[kJ mol-1]

Enthalpy of 

Fusion[J g-1]
Size

LGC 2613 Phenyl salicylate  41.79 19.18  500mg 

LGC 2610 Biphenyl 68.93 18.6  500mg 

LGC 2603 Naphthalene 80.23 18.923  500mg 

LGC 2604 Benzil 94.85 23.26  500mg 

LGC 2605 Acetanilide 114.34 21.793  500mg 

LGC 2606 Benzoic acid 122.35 17.98  500mg 

LGC 2607 Di phenyl acetic acid  147.19 31.16  500mg 

LGC 2601* Indium 156.61 ± 0.02 3.296 ± 0.009 28.700 ± 0.078 500mg 

LGC 2609* Tin  231.92 ± 0.02 7.187 ± 0.011 60.553 ± 0.093 500mg 

LGC 2608* Lead  327.47 ± 0.02 4.765 ± 0.012 22.998 ± 0.058 500mg 

LGC 2611* Zinc 419.53 ± 0.02 7.103 ± 0.012 108.625 ± 0.520 500mg 

LGC 2612* Aluminium 660.33 ± 0.05 10.827 ± 0.042 401.297 ± 0.157 500mg 

*"����`b�#$%�� � � � � �

表7 LGC
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ERM European Reference Materials

CRM 56) 3 ISO/

IEC17025 ERM ISOGuide34

35 CRM

ISOGuide

CRM 3

PTB ERM

BAM UBA Federal 

Institute for Material Testing and Research DGKC

German Society for Clinical Chemistry PTB

57) PTB BAM

PTB

NIST NBS National Bureau of 

Standards 1988 NIST SRM

SRM

ISOGuide34 CRM

benzoic acid

DSC

55)

3.5　認証標準物質と品質システム
Plan  Do  

Check  Action  Plan

ISO/IEC17025

ASNITE

Peer Review

3.5.1　ヨーロッパ，米国におけるCRMの開発
CRM ISOGuide34

2004 IRMM Institute for Reference 

Materials and Measurement BAM Federal 

Institute for Material Research and Testing LGC

Substance / T [K]  Heat Capacity [J mol-1K-1]

�  100 200 300 400 

Aluminum oxide 12.85 51.12 79.43 96.10 

Platinum   25.89 26.47 

Copper 16.00 22.58 24.45  

Benzoic acid 64.01 102.89 147.68  

2,2-Dimethylpropane 17.20 28.02   

Molybdenum   23.96 25.09 

Naphthalene 60.29 106.7 167.0 235.8 

Diphenyl ether 84.42 143.08 218.18 313.29 

Heptane 92.84 201.32 225.53 270.08 

Hexafluorobenzene 86.98 157.0 222.1 186.14 

Polystyrene 47.75 84.16 128.4 201.0 

Poly(vinyl chloride) 26.8 43.0 59.4  

Water   75.323 35.11 

Benzene   136.5 115.11 

Nitrogen 62.83/30.03 29.23 29.17 29.27 

Carbon dioxide   37.5 41.4 

Heat Capacity values for liquid materials are in bold and for gases in italic.

表8 IUPAC
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4.1　断熱型熱量計による比熱容量標準の開発
2

59), 60)

2 1

2

3

PID 1

2

3

LabVIEW

9

4.5K

30K 350K 30K

350K

2.1.2

90K 1K

2K 1200 2400

1 30 350K

9

8 g

k=2 50K 8.2 % 350K 0.65 %

NIST SRM720 

80K 4 6K 80K 5

9K 26)

4.2　示差走査型熱量計による比熱容量標準の開発
DSC

DSC 7 61) 2006 300K 900K

k=2 2 3 % 62)

DSC 2.2.1. 2(c) 

DTA DSC

10 5 

100

3.5.2　標準物質の安全性について
MSDS

Material Safety Data Sheet

NIST

Website MSDS

4 5

MSDS

MSDS

RoHS Restriction of 

Hazardous Substances

EU 2003 2

WEEE

2006 7

PBB

PBDE

NPL
58)

NIST PTB

3.6　標準物質開発のまとめ

NIST

NIST PTB LGC

CRM 7

8 CRM

ERM

ISOGuide34 35

4.　NMIJにおける比熱容量標準開発の取り組み

50-350K

300 900K
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28Si 29Si
30Si 3

92.2 % 28Si 4.7 % 29Si 3.1 % 30Si

63)

5.　比熱容量標準開発の課題と展望

5.1　比熱容量標準の高度化・拡張
5.1.1　高温比熱容量標準の開発

50K 350K

DSC 7 2 3 % k=2

3 5 350K

1 %

NIST

1000K

PTB

NIST LGC

NMIJ

350K

5.1.2　熱量標準物質開発への展開

NMIJ

NMIJ

NIST LGC

NMIJ

2.2.2

DSC

NIST

DSC

φ 5mm t1mm

SRM720 φ 2 3mm 10mm

DSC SRM720

DSC

φ 5.0mm t 1.0mm

NIST

1.8mm 1mm

NIST 7

DSC 9

300K 900K 0.3 %

60K

10K/min 20K/min

20ml/min 5mm

0.5 1.0mm

10mg

1 %

0.3 %

4.3　依頼試験による標準供給と標準物質の開発
NMIJ

2008

1687 DSC
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RM CRM

5.2　熱量・比熱容量に関わる測定技術動向

μg ng 64), 65)

μW nW 66)

67)

MEMS Micro Electro Mechanical Systems

68), 69)

70) 71)

72) 73)

μg ng

DVD

NMIJ
74)

Thermal 

Microscope 75)

NMIJ

76)

1
77)

78)

Transition edge sensor; TES 79)

TES
80)

 

NMIJ 350K

5 6 303K 30

DSC

Guide34

CRM

5.1.1 350K

5.1.3　比熱容量を用いた熱伝導率・熱浸透率評価
λ [W (m K) 1] ρ [g m 3] c [J 

(g K) 1] α [m2 s 1] λ ρc α b 

[W (m K) 1 s 1/2] b (ρcλ)1/2

NMIJ

DSC

5.1.4　認証標準物質化に向けた品質システム
NMIJ ISO Guide 34

CRM

ISO/IEC17025

Guide 34

NMIJ

NMIJ

2008 Guide 34 CRM

CRM
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