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Table 1 Purity comparison of organochlorine compounds between certified values and measured values

Name of the

Certified value/ Expanded Measured value/  Expanded
Substance Reference kg kg71 uncertainty kg kg7l uncertainty
material 4
1,1-Dichloro-2,2-bis (4-chlorophenyl) ethylene LGC 1110 0.996 0.004 0.997 0.004
(4,4-DDE)
2,4'Dichlorobiphenyl (PCB8) BCR-289 0.9963 +0.012, —0.0027 0.998 0.003
2,3,3"Trichlorobiphenyl (PCB20) BCR-290 0.9984 0.0008 0.998 0.003
3,3',4,4"Tetrachlorobiphenyl (PCB77) ERM-AC820a 0.998 +0.002, —0.003 0.999 0.002
3,3',4,4',5-Pentachlorobiphenyl (PCB126) ERM-AC821a 0.989 0.003 0.998 0.003
3,3',4,4',5,5'-Hexachlorobiphenyl (PCB169) ERM-AC822a 0.994 +0.006, —0.013 0.998 0.003
2,2'3,4,4',5,5'-Heptachlorobiphenyl (PCB180) BCR -298 0.9956 0.0009 0.997 0.004
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Table 2 Relationship between the percentage area limit and amount-of-substance fraction (mol mol ') of

impurities in 4,4-DDE

Right limit, %

35 40 50 55 60 65

7 0.00231 0.00239 0.00250 0.00260 0.00271 0.00279 0.00289

8 0.00237 0.00245 0.00257 0.00267 0.00278 0.00287 0.00297

9 0.00243 0.00252 0.00265 0.00275 0.00287 0.00297 0.00307

left limit, % 10 0.00248 0.00257 0.00270 0.00282 0.00294 0.00304 0.00315
11 0.00256 0.00265 0.00279 0.00291 0.00305 0.00315 0.00326

12 0.00262 0.00270 0.00285 0.00297 0.00311 0.00322 0.00334

13 0.00265 0.00274 0.00290 0.00303 0.00318 0.00329 0.00341
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Table 3 Total uncertainty budget for the purity analysis of 4,4-DDE by differential scanning calorimeter
Standard
uncertainty Source of uncertainty Value ot‘" standard 6= 3f/x, ui(Xip) = |Ca|1f(1x1)/ Degrees of
component, ’ uncertainty, w(x;) mol mol freedom
u(x)
w(Xs,) amount-ofsubstance fraction of impurities  6.15X 10 * mol mol ' 1 6.15x107* 33.31
in the substance
u(mea) analysis of the resulting data by ANOVA .68 10" mol mol * 8
method
u( fm) percentage area limit of the fraction 3.41x 10 * mol mol ! large
melted
u(vh) correction of van't Hoff equation 3.56 X 10" mol mol ™" 8
u(A) slope of van't Hoff plot included u(X;,) X,/ A —
u(R) gas constant 1.5%X107°JK ™" mol ™' -X,/R 4.78x10°° large
w(AH) 2158 mol ™' X/ AH 2.22x107* large
u(H,) permissible error of calibration 2157 ] mol ™' large
U(H 1) calibration standard for fusion enthalpy 5.9% J mol ™' large
(SRM 2225)
U(H ) calibration standard for fusion enthalpy 84.9 ] mol ' large
(SRM 2232)
w(b) balance $.35 J mol ! large
u(mw) molecular weight 0.687 ] mol large
w(Ty) melting point of pure substance 0.174K ~2X,,/ Ty 2.53x10°° large
u(T.) permissible error of calibration 0.173K large
u( Tymy) calibration standard for temperature 0.0173 K large
(SRM 2225)
w(Tome) calibration standard for temperature 1.70x10*K large

(SRM 2232)

uC(Xip)=\/g|i§—j;u(xz):|2 (8)
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DEXDH SN 4,4-DDE BT 5 EENHED S KD
DFE L% Table 412RT. ThoDE,SHR(3) 123k
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Table 4 Uncertainty budget for the measurement units conversion from the amount-of-substance fraction to the mass

fraction
Standard
. 7. P U . = :
uncertainty Source of uncertainty Value of standard c=0f/0m, ui( Xip) |€1_| ]u(xz)/ Degrees of
component, uncertainty, u(x;) kg kg freedom
u(x;)
u(Mp) molecular weight of main compo- 7.95%x107° X, (1_ X ) 6.54%x107° large
nent : JY; .
P
u( M) average molecular weight of 184 x? (1—X ) 1.51%x10°° large
. . p b
mpurities
M,X,
u(X,) amount-of-substance fraction of 6.54X10™ molmol ' x (M, - (M, - M,,)X,, } 6.54x10"* 42.54
main component in the sub- . : M ;{
stance PP
(kg/kg) & RMD SN/, 6 O PCBIZ2WTH K X ik

DFEIED SDMHD SFFME T o728 35, WRAH
UL LT, 0.002~0.004 kg/kg DR A7z (Table 1)
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bbb,
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Purity analysis using the freezing-point depression method is qualified as a measurement
method traceable to the International System of Units. In particular, it is well-known that it is
one of the analytical methods for which absolute quantities can also be obtained for high-purity
organic compounds. However, the evaluation of commercially available raw materials for stan-
dard solutions is normally performed using chromatography, and few examples exist of the appli-
cation of the freezing-point depression method. In this study, we applied the freezing-point
depression method to perform a purity analysis of polychlorinated biphenyls and other organo-
chlorine compounds, using a differential scanning calorimeter. ~We then evaluated the uncer-
tainties to examine its practical applicability. =~ The measurement results obtained in this study
for the compounds used indicated purity levels of between 99.7% and 99.9%. When we
assessed uncertainty, the uncertainty for the unit of purity obtained using the freezing-point
depression method, after taking into account the uncertainty in conversion from the amount-of-
substance fraction to the mass fraction, could be evaluated at a practically viable level of 0.2% to
0.4%. We expect that the uncertainty evaluation method proposed here can be used to per-
form a quantitative evaluation of the practicality of applying a differential scanning calorimeter
to purity analyses of raw materials for standard solutions.

Keywords : purity analysis ; differential scanning calorimeter ; freezing-point depression
method ; uncertainty evaluation ; organochlorine compounds.
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