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Fig. S1. FTIR spectra of Cit-AgNPs before (black line) and after (red line) the 

creatinine reaction. The creatinine molecules contain free NH2, and their N-H 

stretching frequency appears between 3300-3500 cm-1.1 For the Cit-AgNPs, the peak 

variation around 3424 cm-1 can be attributed to the stretching vibration of O-H. The 

peak variation at 3385 cm-1 after the addition of creatinine to Cit-AgNPs is due to the 

overlapping stretching vibration of -N-H and O-H, where the stretching moves to 

higher frequencies. The peak becomes wider and smoother, which is attributed to the 

formation of hydrogen bonds between Cit-AgNPs and creatinine. The peak around 

2823 cm-1 is the C-H stretching vibration, while the change in the peak around 1590 

cm-1 is due to the C=O stretching of the carboxyl group and the -N-H bending 

vibration of the amino group, apparently, the absorption band appearing at 1352 cm-1 

shows the C-H internal bending vibration of AgNPs.
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Fig. S2. (A) TE images obtained by mixing the blank group (i.e., water without 

analytes, top) and the experimental group (5 μM Creatinine, bottom) with AgNP 

solutions at different levels, respectively. The average grayscale change (ΔAG = 

AGCreatinine - AGblank) of each TE response shown in (A) was provided in (B). Each 

error bar is the standard deviation of three repeated parallel experiments. The results 

suggest that 0.7 nM should be chosen as the optimal AgNP concentration as it 

produced the highest ΔAG value. Therefore, 0.7 nM AgNP was chosen as the optimal 

AgNP concentration for the next experiments.
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Fig. S3. (A) TE images obtained by mixing the blank group (i.e., water without 

analytes, top) and the experimental group (5 μM Creatinine, bottom) with different 

concentrations of NaOH at the optimal concentration of Cit-AgNPs, respectively. The 

average grayscale change (ΔAG = AGCreatinine - AGblank) of each TE response shown in 

(A) was provided in (B). Each error bar is the standard deviation of three repeated 

parallel experiments. The results showed that the largest ΔAG value was obtained 

from 600 mM NaOH. Therefore, the concentration of 600 mM NaOH was chosen as 

the optimal NaOH concentration for the next experiments.
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Fig. S4. (A) TE images obtained by mixing the blank group (i.e., water without 

analytes, top) and the experimental group (5 μM Creatinine, bottom) with different 

time of incubation time of samples with Cit-AgNPs, respectively. The average 

grayscale change (ΔAG = AGCreatinine - AGblank) of each TE response shown in (A) 

was provided in (B). Each error bar is the standard deviation of three repeated parallel 

experiments. The results showed that the ΔAG value reached a maximum when the 

times reached 30 min. Therefore, 30 min was chosen as the optimal condition for the 

next experiments.
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Fig. S5 (A) TE results obtained from the assays of blank samples (buffer without the 

analyte) and 5 µM Cre at different temperatures for the incubation of samples and 

AgNPs. The average grayscale change (ΔAG = AGCreatinine - AGblank) of each TE 

response shown in (A) was provided in (B). Each error bar is the standard deviation of 

three repeated parallel experiments. The results showed that the largest ΔAG values 

were obtained with 25 °C ( room temperature). Therefore, 25 °C was chosen as the 

optimal incubation temperature condition for the next experiments.
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Table S1 Comparison of the present method with some previously reported methods 

employed in the detection of creatinine.

Probe Signalling 
method

Quantifying 
method

LODa

(μM) Sensitivityb Portability Ref.

Cyclodext
rin-
modified 
electrodes

Electroche
mical 

method

Potentiome
try

50 - No     2

Miniaturi
zed 

enzyme 
electrodes 

Electroche
mical 

method

Current 25 13.9 signal/M No     3

AuNPs@
MoS2-

NPs@GO

LSPRc LSPRc

spercrum

128.4 0.0025 
signal/µM

No     4

AuNPs SPRd UV-vis

spectrum

80 - No      5

AuNPs SPRd UV-vis

spectrum

121 0.2376 
signal/μM

No      6

AuNPs Fluoresce
nce

fluorescenc
e

spectrum

2.87 - No      7

AgNPs/P
VP

SPRd UV-vis

spectrum

2.12 -0.3207 
signal/μM

No      8

single-
layer 

AgNP 
film

Raman 
scattering

SERSe

spectrum

5 963.63 
signal/μM

No      9

Nano-
Ag/Au@
Au film

Raman 
scattering

SERSe

spectrum

5 0.27 signal/μM No       10

 AgNPs TE Smartphon
e

imaging

0.055 580.8227 
signal/nM

Yes      This work

aLOD, limit of detection;
bSensitivity, the slope of its corresponding regression equation;
cLSPR, localized surface plasmon resonance;
dSPR, surface plasmon resonance;
eSERS, surface-enhanced Raman spectroscopy.
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