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Chiral Gold Nanoprobes for Colorimetric Detection of
the Drug Enantiomers
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Abstract Based on the good optoelectronic properties of gold nanoparticles and the good RGB sensing performance
of mobile intelligent devices, a chiral colorimetric detection method for the rapid detection of R/S-phenylalamine and
R/S-ibuprofen enantiomer molecules was designed. Chiral gold nanoparticles exhibit non-covalent interactions, such
as electrostatic, hydrogen bonding, and hydrophilic (hydrophobic) interactions, which cause energy resonance
transfer on the surface of nanomaterials, resulting in their stabilization and aggregation, and then show different
colors, and finally achieving the purpose of colorimetric detection. The addition of copper ions (Cu® ) during the
detection process can enhance chiral recognition because Cu®* can form complexes with enantiomer molecules and
chiral gold nanoparticles at the same time. In addition, the sensitive RGB detection performance of mobile intelligent
devices was used to quantitatively detect the enantiomer molecules of R/S-phenylalamine and R/S-ibuprofen, and the
detection limits were 124.35 and 104.58 pmol/L, 123.95 and 111.44 pmol/L, respectively. At the same time, the

method can realize the detection of enantiomeric mixtures within a certain concentration range. In this work, chiral
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gold nanoparticles were used as colorimetric probes and mobile intelligent devices were used as detection devices to

construct a fast and convenient detection method, which has potential application value in the detection of enantio-
mer molecules.

Keywords Drug enantiomer; Gold nanoparticle; Chiral recognition; Colorimetric detection; RGB detection
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O E }é’e . RGB detection

L-Cys@AuNPs

Scheme 1 Schematic diagram of the drug enantiomers detection through chiral gold

nanoprobes and RGB software

1 SCIGES

1.1 KFIEEE

PS4 R (HuCl,) . /RN A (S/R-APP) | L->F: Wt 2418 (L-Cys ) FISALAR (CuCl,) , 2344, B
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pals BV KALAZ HL A7 /0BT (DLS) , 7 & 5a 16 SCAXES /2 Fl 5 Chirascan Plus V100 B[R — A5G35 (CD)
e [0 RS v 5 JEOLJEM-2100 AL S HL + i (TEM) , b5t 83 28wl PR F] 5 1Y6002
U T Hr RO, AR AR g A PR W) 5 MS-S ARG Pt FEas, Bt LU ER s # A IR Al 5
BS-96K 7 96 At 1 3 2Lk, Here @A WA R W] B RETHLIL @K, Colorimeter, App store: Serhii
Smyk.
1.2 LBIHFE
1.2.1  AuNPs 894 & BT 2 B T K (Vi Vines =3 D IR IR, IR AKX
AHEVE T . 50 wL HAuCL #1150 mL 25 217K F 100 mL =8k, s8R G5 g mlig,
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Fig. 1 Ultraviolet spectra(A), TEM image(B), DLS(C) and circular dichroic chromatography(D) of
L-Cys@AuNPs
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ANFEAY B T30 05, W 2E50-RT LA G BT R IR S 0T EA 7 L 5255 . DL R/IS-APP R 5], i
5 L-Cys@AuNPs I IRTE 525 nm b H B —PAENOE , A R-APP J5 , FRIEISIE R IR £ 178 H RO EE
FEAK, Eeascab[ K 2(C) R BB AR A . (ESEENE, INAS-APPJS, 7EI 1K 640 nm Ab H 21
—AHT I RFIE IR S, 3R L-Cys@AuNPs Xf S- AN 2 AT B A s Ol /R L [m] B 25 €2 PR 21 €20 Ry 55
o, IR AW AR IR a] 900 B (0, 25 57, KW L-Cys@AuNPs XF - 245 9 RE % S BH b (o k) . [w] 3,
L-Cys@AuNPs Xt R/S-IBU 2R H AR RLAG RGN 285 5 . DL E25 R 380, L-Cys@AuNPs HA 1A FE o fg
JERAS ST 2 A AT )

Chem. J. Chinese Universities, 2025, 46(2), 20240352 20240352(4/8)



. P4 s Hg g R

Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES MRILX
A) (B) , (D) — L-Cys@AuNPs
0.60 |- — L-Cys(@AuNPs+R-APP
525 nm — L-Cys(@AuNPs+S-APP
0.48 640 nm
3
§ 036
NH, ..“\\\NHZ 3
i 2 02
OH OH 0.12
R-APP S-APP oL, , , , ,
425 510 595 680 765
Wavelength/nm
(©) (E) —L-Cys@AuNPs
3 5 0.60 | —L-Cys(@AuNPs+R-IBU
: 525 nm_—/-Cys@AuNPs+5-1BU
Q
Q
g 0.45
k=
o
i il il 2 0.30
aannll <
O (6] 0.15
OH OH
0 | 1 1
R-IBU S-IBU 420 490 560 630 700

Wavelength/nm

Fig.2 Colorimetric and ultraviolet spectroscopic detection before and after adding drug
enantiomers in L-Cys@AuNPs
Molecular structures of R/S-phenylalanine, R/S-ibuprofen(A), colorimetric(B, C) and ultraviolet spectra(D, E) before and
after adding R/S-phenylalanine(B, D) and R/S-ibuprofen(C, E) in L-Cys@AuNPs.
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Fig. 3 Colorimetric(A, D) and RGB detection of L-Cys@AuNPs with the addition of the drug enantiomers(B, C, E, F)
(A) Adding R/S-phenylalanine, (D) adding R/S-ibuprofen. Linear relationship of R value versus various concentrations of

R-APP(B), S-APP(C), R-IBU(E) and S-IBU(F).
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Fig. 4 Ultraviolet detection results after adding R/S-phenylalanine(A, B) and R/S-ibuprofen(C, D)

with various concentrations in L-Cys@AuNPs
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(Bl e. e fH ] 30. 0%) BIRFINAFE A, AL RGBAA, ARAEARIEMZAT 5] e. e (H429. 5% (1), [FHE, W]
DA R A 1 25 bR o 26 e A . 8 RS e, e (M RGB KGN e. e, A& B, RGB 45
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Chem. J. Chinese Universities, 2025, 46(2), 20240352 20240352(6/8)



T 5% %%0u% %4

I | I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

e. e.=9. 5%, WiFh i AFE—E TR 2, (BAE VT2 YE RN . DA Fg5 K, L-Cys@AuNPs 48 R UEA
bS5 A AN R B AR A TR T 245

R

®)

&)

S8pssasssece opppspesescs
0O000O0OCOOOOCE TOC00C000000CE!
64 | y=—13.07x+45.48 77 y="14.24x+59.65
R*=0.9806 R*=0.9963
5 561 5 Of
g g
S o4t S 63
[} Q
Z =
Ty = e
T
32r 1 1 1 1 9T I I I I
-100 =50 0 50 100 -100 =50 0 50 100
e.e(%) e.e.(%)
Fig. 5 RGB detection of chiral drugs with different enantiomer excess values
(A) R/S-phenylalanine; (B) R/S-ibuprofen.
Table 1 Detection of the enantiomers content through L-Cys@AuNPs
Amount of enantiomers e. e. value of the tested
Number B-value RGB detection e. e.(%)
in the tested solution solution (%)
S-APP:R-APP=65:35 30.0 42 26.6
S-IBU: R-IBU=65:35 30.0 55 32.7
3 S-IBU: R-1BU=48:52(Real sample ) 4.0 61 9.5

2.6 L-Cys@AuNPs F & MALH AERR

L-Cys@AuNPs A] SEHUXT PR B9 A0 , A0 m RRIE R AT - TG QKR X LA o3+
B0 AR A ELVE AT, el | SRR () KA ELAE I AE, (EAS A Kb R 3 TH & A RE LR %
%, BB TREMEBLE, HmER A FEREE, HZSLo @R . SR TEM F1 DLS %k 1 |
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S / S S /
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6 30 | 25 +
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15 30 45 60 75 16 24 32 40 48 70 140 210 280 350
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Fig. 6 Morphology(A—C) and particle size distribution(A’'—C’) of L-Cys@AuNPs before(A, A’) and
after adding R-APP(B, B’) or S-APP(C, C’)
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