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Prepar ation of amphiphilic thienyl carboxylic acid derivatives
and application for latent fingerprint detection
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Abstract: Amphiphilic carboxylic acid derivatives, 5-[4-(diphenylamino)phenyl]-thiophen-2-carboxylic
acid (TTC-H) and its potassium salt (TTC-K), were synthesized from Suzuki coupling reaction of
5-bromothiophen-2-carboxylic acid and 4-(diphenylamino)benzeneboronic acid, and characterized by
'"HNMR and *CNMR. The TTC-H and TTC-K were further evaluated by UV-Vis absorption spectroscopy
and fluorescence emission spectroscopy for analyses on their photophysical properties as well as aggregated
states, with density-functional theory calculations and solvation colorimetric effects carried out and their
crystal structures analyzed by Hirshfeld surface analysis. TTC-K aqueous solution was then applied to
latent fingerprint imaging by chemical impregnation and atomization methods. The results showed that
there were weak interaction forces between TTC-H molecules, such as C---H (31.6%, accounting for the
percentage of the total interaction force, the same below), H:---H (44.6%) and O---H (14.6%). Both TTC-H
and TTC-K possessed the property of aggregation-induced emission. TTC-K aqueous solution was then
applied to latent fingerprint imaging by chemical impregnation and atomization methods. Both methods
could accurately and efficiently obtain the tertiary structure of latent fingerprints. And even at low
concentration (5x10~° mol/L), the TTC-K aqueous solution reagent was able to rapidly identify latent
fingerprints (<5 s) by chemical impregnation method with good aging stability, while the atomization
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method is easier to be implemented, while exhibited good imaging capacity for both old fingerprints (= 14

d) and fingerprints soaked in water (<7 d).

Key words: amphiphilicity; carboxylates; latent fingerprints; atomization method; aggregation-induced

emission; functional materials
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Fig. 1 Normalized UV-Vis absorption spectra of TTC-K
and TTC-H in H,0O
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Fig. 2 Normalized emission spectra of TTC-K and TTC-H
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Fig. 3 Normalized emission spectra (a) and images (c) of
TTC-K in different polar solvents; Normalized
emission spectra (b) and images (d) of TTC-H in
different polar solvents
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Fig. 4

Crystal structure diagram of TTC-H (a); Schematic diagrams of C—H---z interaction (b) and intermolecular

interactions (c) of between TTC-H molecules; Normalized solid state fluorescence emission spectra of TTC-K and
TTC-H (d); Schematic diagram of TTC-H molecular stacking (e); Interaction force proportion fingerprint of TTC-H
obtained through Hirshfeld surface analysis, d. and d; are the distances from the Hirshfeld surface to the nearest

nucleus outside and inside the surface, respectively (f~i)
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Table 2 Single crystal data of TTC-H
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7/(°) 76.233(2) R1(all data) 0.0351(5842)

V/A3 183.708 wR2(all data) 0.0995(6685)
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Fig. 5 Schematic diagram of HOMO, LUMO electron

cloud distribution and AE, of TTC-K and TTC-H
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Emission spectra of TTC-K (a) and TTC-H (c) in a
mixed solvent of methanol and ether with different
volume fractions; Emission intensity corresponding
to the maximum emission wavelength of TTC-K (b)
and TTC-H (d) in a mixed solvent of methanol and
ether with differentt volume fractions
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Fig. 7 Schematic diagrams of imaging process using TTC-K
(¢=5x10"° mol/L) on tin foil (a) for impregnation
method and TTC-K (¢=1x10"* mol/L) on vertical
glass (b) for atomization method
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AR SO PR (f)
Latent fingerprint imaging images of TTC-K (5x
10° mol/L) on different substrates by chemical
impregnation method (a); Latent fingerprint imaging
images of TTC-K (1x10™* mol/L) on different
substrates by atomization method (b); Latent
fingerprint imaging images obtained by different
volunteers on tin foil through atomization method
(c); Detail images of latent fingerprint imaging on
tin foil (level 1, level 2, and level 3 structures) (d),
grayscale analysis of fingerprint orange lines (e)
and actual map of fingerprint testing (f)
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