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How to Avoid Misinterpreting Experimental Data for Thermally Activated Processes
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Abstract: The value of experimentally obtained data becomes highest when they are properly analyzed based on valid logics.
Many physical and chemical properties such as electrical and magnetic properties, chemical reaction rates, etc. are known to be
thermally activated; thus, a proper understanding of thermally-activated processes is of importance. However, there are still a
number of papers published with falsely analyzed data. In this contribution, we would like to revisit the meaning of thermally-
activated processes, and then reanalyze a data set published misinterpreted. By showing a step-by-step procedure for the
reanalysis, we would like to help researchers who may come across such data in the future not to make mistakes in their analysis.
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Fig. 2. A comparative illustration of fitting accuracy (a) by a non-linear curve fitting directly on raw data and (b) by a linear fitting on data

replotted in a log-log space.
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Fig. 4. (a) An illustration showing how to fit a non-linear data by assuming that the process originates from two physically different
mechanisms [this type of fitting can be easily done in the Origin™ software simply by installing an add-on provided by the manufacturer
(The details of this information are given in the next section)] and (b) a procedure how to construct fitting results graphically from the onset

data analyzed in (a).
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Fig. 5. Comparative illustration explaining two different ways to fit non-linear data with two straight lines using Origin™ software: (a) & (b)
2-point estimation and (c) & (d) 4-point estimation.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 3, pp. 241-248, May 2023: Lee et al. 247

Srop&ot o] &3t fitting= A7 ghtt.
B ojd gho] O L2 Y lX|of gk AiAl 7]E2 gl W VEF A2 def fejilolE AYsty] sl =UH
7] izoll, AR gl 9| Bt st WS O =, g3t o] T}
AEisto] A3 K188stH =
A=Ag-exp|- m] @)
2.2.3 Log-log plot 20| A H| A &9l Cf|0|E{ Mo
Ay B ot A7)%E Arrhenius A1t B) W 5HH ©<23] T2 T —
B QM sectionof|A] 1 10] A|A|E Hlo]8{ 9] 42 12 T, o= B QITH= A2 7 =l 4 o). & VE A
FAoM A2 FAET O F2 Fg} ol|A S B8R oA Ty = 091 S5 Z97F 2|7t &3] &1L A+
2 5t process”t AledE 2 AAsHof ghots Frre Arrhenius 2}o]2t= ofojojct.
2= F 719 AldE o] &5t fitting2 A -&5h= o] & B RX|5hxo] At 0 K2 ojrst E4 &/dst urg
7}%%%%30“* = UojyR] 9t 2 =o|t) U7 HA| & VF Alo|A T,
B % log-log &1tollA 1/Tof tisl Y2 =53t FEY 2 VFAS 2= 574 34 &/dg 17go] o o]/t A8
ﬂﬁé; = HojJH= YAlxog T 7o Alhdo2 2 Qe o2 o]a)at 4 QJrt.
fitting® 4 gith= oujojtt. B VFAST» T, RHNMT-Ty=TE & 5 Q7]
B O]A sectiono|A] A2t 8}Q} ZFo] non-Arrhenius m-2of] 1L0jA]= Arrhenius A3} ZASHA| T &
752 Hol:= Ho|HE fittingsh= 2@ 50| b5t 71 Gotx|HA] Toll 7P7HY A % Arrhenius A]of| 4]
Al AAIE O] ARG, & =FolMe 15 =94 27 a45] glojdZ 47 olaig 4 . = Arrhenius
7} &3t 4 9] Vogel-Fulcher-Tammann (VF) A& Alo]| Ty0]2k= parameter P2 Z7tsto 24 217

(a) (b)

20.0
O Experimental Ref. 50M O Experimental Ref.
——VFfit in log scale —— VF fit in log scale
40M | 100.0k
15.0 |
(o]
oMb 50.0k|
3 - .
£ 20M
10.0
10M |
1 1 1 1 0 C 1 L L
0.0036 0.0037 0.0038 0.0039 255 260 265 270 275 280
1T (K7) T (K)
(c) 0= wp-ex (757) (d)
O P\ T (1= Ty) 00
50M - O Experimental Ref. O Experimental Ref.
—— VF fitin linear scale —— VF fit in linear scale
40M [ 100.0k
o 15.0 F
oM 50.0 o
3 - S
20M - . £ 10.0 (o]
: (o]
1om} o
ok (o]
N i L L 5.0 . L L 1
255 260 265 270 275 280 0.0036 0.0037 0.0038 0.0039
T(K) T (K™)

Fig. 6. (a) Fitting the data from Fig. 1 in a log-log space using VF equation (the fitting result can be seen extremely satisfactory both in the
log-log space), (b) the original linear scale, and (c) as discussed earlier, fitting exponentially changing data in the original linear scale even
with the most appropriate fitting equation can lead to a significant error, which can be best-seen in the corresponding log-log plot.
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