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F1 A, TR pH (R B
Table 1 ~ Simulation data of probe A, at different pH values

1450 nm 16(}() nm 16‘)() nm/[45(] nm
pH 1 2 3 1 2 3 1 2 3 quﬁj ZRLALES
verage SD
3 618 582 607 1174 1339 1093 1.9 23 1.8 2 0.2646
4 600 579 614 2580 2374 2210 43 41 3.6 4 0.3606
5 591 629 607 3664 3460 3824 6.2 55 63 6 0.4359
6 623 58 619 5171 4653 4828 83 7.9 7.8 8 0.2646
7 604 583 615 5980 5597 6458 9.9 9.6 10.5 10 0.4583
8 593 627 606 6938 7649 7333 1.7 12.2  12.1 12 0.2646
9 605 623 589 8168 8847 8423  13.5 142 14.3 14 0.4359
10 607 58 620 9773 9467 9796  16.1  16.1  15.8 16 0.1732

®2 EF A, TERIE pH {E AR SE
Table 2 Simulation data of probe A, at different pH values

145() nm 16(}() nm 164)() nm/145(l nm
PH 1 2 3 1 2 3 1 2 3 Aifge *’T“{%ﬁ"%
3 837 795 806 1590 1670 1612 1.9 2.1 2.0 2 0. 1000
4 798 769 813 2314 2461 2358 2.9 3.2 2.9 3 0.1732
5 792 779 825 3247 3116 3218 4.1 4 3.9 4 0. 1000
6 783 803 829 4072 4095 3896 5.2 5.1 4.7 5 0.2646
7 790 788 830 4977 4728 4731 6.3 6 5.7 6 0.3000
8 768 796 813 5453 5731 5447 7.1 7.2 6.7 7 0.2646
9 817 796 769 6291 6527 6229 7.7 8.2 8.1 8 0.2646
10 800 835 813 7520 7348 7154 9.4 8.8 8.8 9 0. 3464
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Table 3 Standard deviation simulation data of probe A, and A,

A Ty BRI i 2=
pobe L 2 3 4 5 6 7 8 9 10 11 Average o
A, 86 95 85 87 95 85 88 94 86 94 95 9.0 0.449
A, 53 54 56 54 55 57 54 55 56 55 5.6 5.5 0.118

W pH (RISl A B A AR TAE T, BE 1Y ARatio 27 590 nm &b )25 G58 BE 5 550 nm 4k
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Table 4  Simulation data of probe B, at different pH values

B3 HARESESNT 1RO
Fig.3  Fluorescence spectra of probe with fluorescence

intensity ratio <1

1450 nm [6(}() nm 16‘)0 |\n|/145(] nm
ol 1 2 3 1 2 3 1 2 3 s bRtk fii22
verage SD

5.0 9500 9135 9516 1900 1900 1827 0.200 0.208 0.192 0.2 0.0080
5.2 9241 9148 8731 2680 2653 2794 0.290 0.290 0.320 0.3 0.0173
5.4 9165 8690 8998 3501 3537 3698 0.382 0.407 0.411 0.4 0.0157
5.6 8474 8954 8612 4237 4298 4478 0.500 0.480 0.520 0.5 0.0200
5.8 8740 9219 9103 5349 5587 5298 0.612 0.606 0.582 0.6 0.0159
6.0 8947 8665 9071 6084 6187 6404 0.680 0.714 0.706 0.7 0.0178
6.2 8923 8638 9067 6987 6988 7326 0.783 0.809 0.808 0.8 0.0147
6.4 8960 8652 9042 7921 7865 8201 0.884 0.909 0.907 0.9 0.0139

5 WRE B, fEA pH (R AR

Table 5 Simulation data of probe B, at different pH values

1450 m L600 m 1500 wm” 1450 am
oit 1 2 3 1 2 3 1 2 3 Puial bRt fi22
verage SD

5.0 8984 9358 9174 1123 1123 1055 0.125 0.120 0.115 0.120 0. 0050
5.2 8767 9344 9234 2279 2149 2170 0.260  0.230 0.235 0.245 0.0161
5.4 8977 8851 8456 3142 3098 3298 0.350 0.350  0.390 0.370 0.0231
5.6 8474 8954 8612 4406 4253 4134 0.520 0.475 0.480 0.495 0.0247
5.8 9145 9397 8931 5487 5826 5716 0.600 0.620 0.640 0.620 0.0200
6.0 8947 8665 9071 6844 6412 6622 0.765 0.740 0.730 0.745 0.0180
6.2 8811 8473 8849 7401 7465 7876 0.840 0.880 0.890 0.870 0.0265
6.4 9037 8652 8866 8856 8523 9043 0.980 0.985 1.02 0.995 0.0218

6 REF B, A B, bRl 22 BRI B

Table 6 Standard deviation simulation data of probe B, and B,

iﬁt 1 2 3 4 5 6 7 8 9 10 11 Aj;igg . *m‘{fgﬁa%
B, 0.54 0.54 0.56 0.56 0.54 0.56 0.54 0.55 0.54 0.53 0.58 0.55 0.0145

B, 0.587 0.573 0.528 0.587 0.529 0.522 0.586 0.583 0.588 0.53  0.521 0.558 0.0307

MoK ARatio<1 77 %: , 40 SR T A (/218 1/ ARatio BV I,g, /1o . ELAEIA 1/ ARatio ~ ApH F-4F
MR MMZRAERAT 1, HL, — R R L X R I3 el 4 it ) tbi{a Ratio BUEI B0 LA S A3
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Table 7 1/Ratio data of probe B, and probe B, at different
pH values R 08r
1600 nm/1400 nm 1/([600 nm/ 1400 nm) :4 0.6
pH B, B, B, B, s
5.0 0.2 0.120 5.00 8.33 = 04r
5.2 0.3 0.245 3.33 4.08 02F B
5.4 0.4 0.370 2.50 2.70 00 B ‘ ‘ ‘
5.6 0.5 0.495 2.00 2.02 4.8 52 5.6 6.0 6.4
5.8 0.6 0. 620 1.67 1.61 pH
6.0 0.7 0.745 1.43 1.34
6.2 0.8 0.870 1.25 1.15 El 4 pH¥EER B, Al B, AIARERTZE
6.4 0.9 0.995 1.11 1.01

Fig.4 Calibration curves of probe B, and probe B,
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Fig.5  Fluorescence spectra of probe with fluorescence

intensity ratio including 1
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*8  EF C, TEAIR pH (8 MR A
Table 8 Simulation data of probe C, at different pH values

1450 nm 16(}() nm 16‘)() nm/[45(] nm
pH 1 2 3 1 2 3 1 2 3 quﬁj ZRLALES
verage SD
7.0 5210 5031 4983 2292 2163 2392 0.44  0.43  0.48 0.45 0.0265
7.2 5203 4898 5103 2758 2743 2858  0.53  0.56  0.56 0.55 0.0173
7.4 5100 4897 5138 3213 3232 3391 0.63  0.66  0.66 0.65 0.0173
7.6 5100 4871 5031 3832 3605 3824  0.75  0.74  0.76 0.75 0.0100
7.8 5072 4873 5100 4159 4191 4437  0.82  0.86  0.87 0.85 0.0265
8.0 5210 4897 5054 4845 4652 4902  0.93  0.95  0.97 0.95 0.0200
8.2 4988 5231 5231 5287 5597 5336 1.06  1.07  1.02 1.05 0.0265
8.4 5098 5231 5001 5863 5859 5901 15 112 118 1.15 0.0300

®9 EF C, FEAIE pH EIBHUEE
Table 9  Simulation data of probe C, at different pH values

145() nm Ify(}() nm Iﬁ‘)() lml/145(l nm
oil 1 2 3 1 2 3 1 2 3 ks bt 22
verage SD
7.0 2988 3021 2856 1106 1088 1342 0.37  0.36  0.47 0.4 0.0608
7.2 3032 2994 2896 2335 2305 2491  0.77 0.7  0.86 0.8 0.0520
7.4 3046 2877 2988 3442 3506 3645 113 125  1.22 1.2 0.0625
7.6 2937 3025 2843 4464 4961 4663  1.52  1.64  1.64 1.6 0.0693
7.8 3004 2933 2809 5708 5866 5899 1.9 2 2.1 2 0. 1000
8.0 3042 2956 2897 6997 6947 7387 2.3 235  2.55 2.4 0.1323
8.2 2904 2876 3019 798 8283 8363  2.75  2.88  2.77 2.8 0.0700
8.4 2986 3012 2888 9257 9397 9761 3.1 3.12  3.38 3.2 0. 1562

10 AREF C, M C, i 22 ORI B

Table 10  Standard deviation simulation data of probe C, and C,

e -1y v O 22

RO 2 3 4 s 6 71 8 9 10 1 Ao ol

¢, 058 08 08 078 08 08 08 079 079 0.8 0.8 0.8 0.0148

C, 171 1.85 1.87 1.75 171 1.85 1.88 1.76 1.71 1.85 1.86 1.8 0.0713
ABFFER TR R B A 7 A3 2 555 T Rl 4
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Fig.6 Calibration curves of probe C, and probe C,
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Discussion on Definition of Detection Limit for
Ratio Fluorescence pH Sensing Methods

WEN Hui, LIU Xun, ZHANG Shang-Qing, YANG Ting, CHEN Ming-Li* , WANG Jian-Hua "
(College of Sciences, Northeastern University, Shenyang 110819, China)

Abstract The detection limit is an important parameter for evaluating the sensitivity of an analytical method.
Compared with normally fluorescence probes, the calculation of detection limit of ratio fluorescence probes is
more complicated. When the ratio fluorescence probe is used for pH detection, there is no universal definition
of detection limit. The ratio fluorescence probes are classified into three categories based on the data types. A
simulating probe with an excitation wavelength of 365 nm and an emission wavelength of 600 nm/450 nm is
fabricated. Based on the calculation of detection limit for spectral method, a reasonable process is proposed for
definition of detection limit for ratio fluorescence probe, which paves the way for comparing the sensitivity of
different kinds of pH ratio fluorescence probes.
Keywords Ratio fluorescent probe; pH sensing; Sensitivity; Simulation data

(Received 8 December 20185 accepted 16 January 2019)

This work was supported by the National Natural Science Foundation of China (Nos. 21675019, 21727881 ).



