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PEI concentration optimization for immobilization on the dPAD

To determine the appropriate concentration of PEI for the distance measurement on the
dPAD, 7.5 uL of PEI at the concentrations of 0.02% and 0.05% was deposited in the hydrophilic
channel of the dPAD. Various CA concentrations (0.0-2.0 mmolL") were tested. The results
demonstrate that the color distance on the dPAD increased when the CA concentrations
increased (Figure S1).
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Figure S1. The proportional relationship between the color distance with the carminic acid (CA)
concentration on the polyethyleneimine (PEI)-immobilized distance paper-based analytical device
(dPAD) using PEI at the concentrations of 0.02% and 0.05% (1 = 3). Inset: Linear regression analysis and

the best-fit line of CA between the ranges of 0.2 and 1.0 mmolL-".

Effect of pH on the color distance of CA on the PEI-immobilized dPAD
The effect of pH on the adsorption behavior of CA on the PEI-immobilized membrane was

investigated using various types of buffers and pH levels. The buffer solution, including



sodium acetate buffer (pH 6.0), HEPES buffer (pH 6.0 and 7.0), sodium phosphate buffer (pH

6.0,7.0, and 8.0), and tris-HCI (pH 8.0 and 9.0), was tested with 0.8 mmolL-" of CA (Figure S2).

N
o

-
o

distance (mm)
o

Figure S2. The effect of pH on the color distance observed on the PEI-immobilized dPAD with 0.02%
PEL All buffers were prepared at the concentration of 0.1 M. CA was prepared at the concentration of

0.8 mmoL-!(n=3).

Effect of copper on the distance observed with the dPAD
The detection of Pb on the dPAD was affected by copper (Cu). In this study, the solution
mixture was prepared with CA and a mixture of 20 pgmL-' of Pb and 20 pgmL-! of Cu. The

distance was measured and it was found to be affected by Cu by a color distance reduction of



>5%. To demonstrate that the effect of Cu could be eliminated by KCN, KCN was added to
the solution of CA and, the solution mixture of Pb and Cu was then added into the CA

solution. The reduction of the distance is shown in Figure S3.
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Figure S3. The effect of Cu on the measurement of Pb in the presence and absence of 5% potassium

cyanide (KCN) (n = 3).

CA-PEI complexation

The complex formation between CA and PEI was confirmed in batch solution by
determination of the absorption spectrum shift in 0.1 M HEPES butffer (pH 7.0). The maximum
absorption spectrum shift from 514 to 566 nm of CA exhibited an interaction of CA and PEI,

as seen in Figure 54.
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Figure S4. The absorption spectrum shift of CA by means of the addition of Pb in 0.1 M of HEPES buffer

(pH 7.0).



