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Abstract ; Isothermal titration calorimetry (ITC) is an important method for the thermodynamic measurement of solution reaction. Based
on the quantitative evaluation of ITC basic error sources, an explicit ITC measurement model is formulated, which consists of both
different thermal effects and main error components. By utilizing this ITC measurement model, BaCl,/18-crown-6, CaCl,/EDTA and
1-Propanol dilution are used to calibrate the calorimetric factor (f) and the effective volume of the reaction cell (V) of the NanoITC
(SV) calorimeter. Based on the concentration uncertainty of the titration solution, the basic error terms of the calorimeter and the
uncertainty of the theoretical values of the reaction system, the calibration uncertainties can be calculated by the Monte Carlo method.
Three groups of different calibration experiments are compared with each other. The results show that an 8.1% deviation in the
calorimetric factor and a 3. 4% deviation in the effective volume of the reaction cell. Supplementary materials are provided in terms of
experimental data and Python source code.
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Fig. 1 Structure of the typical isothermal titration calorimeter
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Table 3 Input quantities (X;) of the heat measurement
model and their parameters of probability density function

for the uncertainty estimation of V_, calibration value

A W12 () () T
(X)) itk %
Cy, 24. 380 mmol/L 0. 073 mmol/L 21
Co 6. 035 mmol/L 0. 035 mmol/L 78
0, 0 uJ 0.177 1xJ6 pJ 0
P 0 0. 003 09 0
ij 6 pL 0.0 214 pL 1.0

3.4 EREHRECKEERETF ()

ITC ]z N H T X SR B IRl i, 1F
PSR — PPl & feE R st f ik &9, i HE A
283 ~ 348 K IR P, AR K i A ey B vE R A
JBT 535 2% (14) T PR T 7KV R TR T A2 A oA 46 IR T o
SRS — P RO 1, O TR AR 17 B HL T R RN,
PO 2L T bR A W R AR R 38 A T AR R B
P2 RS BT RO

AH,(m, —m,) = hy(m, —m,) + hyy(m?® —m?)

(5)

Hor m, 5 my, 53 50 375 W B 55 7RSS 114 1 TN I
TR ST R AR VR I s hyy 5 by S0 BIER7R 293,15 K
FER kS A B AR R BC hy = (558+9) J-kg-mol™;
hyy=(158+8) J-kg® -mol ** 2 FECHI V,, 5V, W
HIHE R, A SCE AT TF P TS 7K I8 VR 17 7 B8 i s A o e AL TR
T BT AR SRR/ N IR MG B TR S
KEHEAA

Ho rEREE BFR, hy =558 T+ kg - mol ™,
By =158 Jokg~mol™ V., =975 pL fE B A A

c
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Fig.4 The dilution heat and fitting curve of 1-Propanol

into H,O titration

x4 HERABTRHEENAENEEIBANE(X,)
Table 4 Input quantities (X;) of the heat measurement
model and their parameters of probability density function

for the uncertainty estimation of f calibration value

-
i“;;\f R (1) FRE G2 (o) Xg;i%
Mg 0.098 43 g 0.000 10 g 7
My, 4.98121 g 0.000 10 g 0
Poro 0.993 6 g/em® 0.000 05 g/cm® 0
Pl 0.997 0 g/em’ 0. 000 05 g/cm’ 0
hyx 558 J-kg+mol 2 4.5 J+kg-mol 82
hyyx 158 J-kg? +mol* 4 J+-kg? +mol? 9
0, 0wl 0.177 1xV6 wl 0.16
P 0 0. 003 09 0.6
Vi 6 plL 0.021 4 uL 1.6
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FA% 2 1% LI T, BaCl,/18-crown- 6, CaCl,/EDTA | 1F 15
SRR 3 AURCHESIZ IR ARAT T AN A Y R 9 — B A e
S5, WRCHER Nanol TC.(SV ) B 45 I 7 i A 1Y 1 #
R 55 B0 A RO B A HE AR 23 00 R f = 1,081 +
0.020,V,,=975+14 pL, iz B HEL X T H AL AL 5 1) 55
T e P B 2% S HERE ] BaCl,/18-
crown- 6 J I 1A 8 0T S5 T 78 B ROGHA TS HE , PR E
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