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1. Detection analysis of CD for Fe3+Fig. S1 (a) Fluorescence emission spectra of CD solutions under different Fe3+ concentrations; (b) relationship between F/F0 and Fe3+ concentration (F represents the fluorescence emission intensity of CD solutions at 443 nm under different Fe3+ concentrations); (c) Selectivity map of CD solution to different metal ions; (d) Quenching map of CD fluorescence intensity by different metal ions; (e) Selectivity map of carbon dot rapid detection test paper for different metal ions; (f) physical map of rapid detection test paper under different iron ion concentrations.

Fig. S1(a) shows the fluorescence spectra of CD solutions under different Fe3+ concentrations. When the Fe3+ concentration gradually increases from 0 to 500 μM, the fluorescence intensity at 443 nm decreases accordingly. By calculating the ratio of the fluorescence intensity of CD at 443 nm under different Fe3+ concentrations to the fluorescence intensity of pure CD solution, the fluorescence quenching rates under different Fe3+ concentrations are obtained as shown in Fig. S1(b). It can be seen that at the concentration of 100-500 μM, the fluorescence quenching rate has a good linear relationship with the concentration of Fe3+. The linear regression equation is y(F/F0)=0.6194-0.00098x(Fe3+ concentration), R2=0.96514. According to the detection limit formula LOD=3σ/S, where σ represents the relative standard deviation (RSD) of the F0 value of 11 parallel measurements, and S represents the slope of the working curve. According to this formula, the detection limit of Fe3+ is 4.34 μM.
As a fluorescent sensor for metal ion detection, its selectivity is another important indicator for evaluating the sensing performance. As shown in Fig. S1(c) and (d), compared with other interfering metal ions, Fe3+ quenches the fluorescence of CD very obviously, and the quenching efficiency is about 5.4 times, which is greater than the effect of other metal ions on the fluorescence of CD. And some metal ions have the effect of fluorescence enhancement on the fluorescence emission of carbon dots, such as Ba2+. It is worth noting that Hg2+ still has a certain quenching effect on the CD. It will interfere with the detection of Fe3+ by carbon dots to a certain extent.
The non-fluorescent neutral filter paper was cut into rectangular strips, immersed in a CD solution with a concentration of 3 mg/mL for 5 min, then removed with tweezers, and dried in an oven at 60°C for 5 min. Subsequent observation under UV light shows that the neutral filter paper without fluorescence will produce blue fluorescence of carbon dots after being soaked in CD solution. Subsequently, the prepared fluorescence detection test paper was placed in different metal solutions for 3 min, and then taken out and observed in a UV light box to obtain the fluorescence picture shown in Fig. S1(e). It can be seen that the fluorescence effect of different metal ions on the fluorescence detection test paper is roughly the same as that in the solution shown in Fig. S1(c), and Fe3+ will greatly quench the blue fluorescence of CD. And Ba2+, Zn2+ and other metals will have a certain fluorescence enhancement effect. Subsequently, the fluorescent test paper was immersed in iron ion solutions of different concentrations to obtain the detection effect shown in Fig. S1(f). As the concentration of Fe3+ continued to increase, the color of the fluorescent test paper would gradually attenuate. It is proved that the fluorescent test paper can be initially used in the detection of metal ions. Compared with the CD solution, the fluorescence detection test paper is more portable and simpler to operate, and is more suitable for the detection of metallic Fe3+ in the actual environment. 
To further investigate the relationship between Fe3+ concentration and fluorescence, fluorescence images in the concentration range of 3000 μM-7000 μM were acquired and analyzed using computer vision and neural networks. Firstly, color acquisition is performed on fluorescent images to obtain RGB feature values. The relationship between the three eigenvalues of RGB and Fe3+ concentration was fitted using linear regression, and the function was obtained after removing the singular values as shown in Fig. S2(a), (b) and (c), the coefficients of determination were 0.8774, 0.9246 and 0.9618. In order to make the results more appreciable, it is stipulated that the predicted concentration within the range of 100 μM above and below the actual concentration is considered as correct, otherwise, the prediction is wrong. Twenty percent of the data were selected as test data for prediction of Fe3+ concentration with an accuracy of 76.31%. Then the BP neural network is constructed, and the network architecture is shown in Fig. S2(d). The data set was randomly divided into training set, test set and validation set according to 7:2:1 and input into the network for training, and the accuracy rate after training reached 99.64%, which is significantly better than the traditional linear regression. Ten groups were randomly selected as test data for the prediction of Fe3+ concentration, and the results were obtained as shown in Table S1, with an accuracy of 90%, which indicates the feasibility of BP neural networks in the direction of fluorescence detection of Fe3+ concentration.Fig. S2(a-c) R, G and B values at different iron ion concentrations; (d) Schematic diagram of the neural network relationship between RGB values and iron ion concentration.

	ID
	Actual concentration(μM)
	Predicted concentration(μM)
	Result

	01
	3200
	3108
	YES

	02
	3700
	3724
	YES

	03
	4400
	4521
	YES

	04
	4500
	4502
	YES

	05
	5100
	5343
	NO

	06
	5500
	5575
	YES

	07
	6100
	6038
	YES

	08
	6600
	6555
	YES

	09
	7000
	6997
	YES


Table S1 Fe3+ concentration prediction (CD)
2. The loading of carbon dots in CD@Eu-MOFFig. S3 (a) Fluorescence emission patterns of CD@Eu-MOF under different CD loadings; (b) XRD patterns of CD@Eu-MOF under different CD loadings.

It can be seen from Fig. S3(a) that when different contents of CD are loaded in Eu-MOF, the positions of the fluorescence emission peaks of its CD remain unchanged, all located at 443 nm. It is proved that when the loading amount is 0-10 mg, the different content of CD loaded in Eu-MOF will not affect the fluorescence properties and surface state of CD. When the loading of CD increased from 1 mg to 5 mg, a large increase in the fluorescence emission of CD at 443 nm could be observed, which may be due to the increase in CD concentration. The fluorescence emission at 617 nm of CD@Eu-MOF with loadings of 1 mg and 5 mg is almost the same, which can indicate that the low concentration of CD loading does not affect the characteristic emission of Eu-MOF. When the loading of CD reaches 10 mg, its fluorescence emission at 443 nm is slightly enhanced, while the characteristic emission of Eu3+ at 617 nm is significantly weakened. For this weakening phenomenon, it may be that the content of CD in the metal-organic framework is too high, which affects the structure of the metal-organic framework, thereby hindering the energy transfer between organic ligands and lanthanide metals. To corroborate this explanation, the XRD patterns of Eu-MOF with different CD loadings were tested. As shown in Figure S3(b), with the increase of CD loading, the crystallinity of CD@Eu-MOF decreased, and its diffraction peaks at 8.8° and 17.16° gradually weakened. It shows that the addition of high concentration of CD will inhibit the formation of Eu-MOF crystals, thereby reducing the crystallinity of CD@Eu-MOF. Therefore, considering the overall consideration, 5 mg was selected as the optimal loading amount of CD@Eu-MOF. When the loading amount is 5 mg, it has strong fluorescence emission of CD, which can have good sensing performance for the detected substances. As a ratiometric fluorescent probe, its background fluorescence is more stable. From the regularity of the crystal structure, it is also more excellent.
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