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Supplementary Information Text

Supplementary Note 1: photochemistry of K,PtCl, solution
It is known that photoaquation can normally happen to [PtCl,]?>~ complexes, which form the
[PtCl;(H,0)]?" hydrates and Cl radicals (S1). The latter can further oxide the Pt(ll) into Pt(IV) via
the following reaction
[PtCl,]*~ + CI' + H,0—— [PtCl5(H,0)]™

Supplementary Note 2: force calculations
1) DLVO theory

The platinum oxide nanoparticles generated via photochemistry are subject to van der Waals
and weak electrostatic interactions, which normally counteract with each other and can be
described by DLVO theory (S2). The van der Waals interaction can be described using the
following equation

_ __Hpg , 217 212 d(d+4r)
U, = 6 (d(d+4r) + (d+21)2 +in (d+21)2

) (1)

where Hp,, is the Hamaker constant of PtO, r is the radius of platinum oxide nanoparticles, d is
the separation between two platinum oxide nanoparticles.
The electrostatic potential can be calculated with

Use = 2meryp§[1 + exp(= )] e

where ¢ is the permittivity of the medium, L,is the Debye length, y,is the zeta potential of
platinum oxide nanopatrticles.

2) Optical dipole forces
The optical induced dipole forces between two platinum oxide nanopatrticles (r=10 nm) at the
focal plane of the Gaussian beam can be calculated using following formula (S3),

F=[ T-ndS (3)

Here T is defined as
T=2Re{eEE+ HA—2(E-E+uH-BI}  (9)

where T is Maxwell’s stress tensor, S is the surface area of the platinum oxide nanoparticle, n is
the unit vector normal to the surface and | stands the 3x3 identity matrix. We vary the separation
between two platinum oxide nanoparticles and the optical forces along the X, y, z directions in
space are plotted in Fig. S6.

The optical dipole potential can be calculated as

Uopt =J,, F(r) dr (5)
Thus, the total energy potential in X and Y directions are U, = U, + Uy + Uy, and U, = U, + U,

respectively (Fig. 2G).

Supplementary Note 3: photochemical deposition of metal sulfide
Metal sulfide (MS) particles are normally formed with the mixture of metal ions and S% ions.
Here the S* ion is obtained from the sulfide source Na,S,0; which can be photochemically
decomposed via the following reaction pathway (S4)
S,03” + hv =S+ S0%~
25,05 + hv = 5,02 + 2e”

M2+ + S+ 2e” = MS



Supplementary figures
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Fig. S1 Polarization-dependent oriented growth of platinum oxide nanopillars. (A-D) SEM images
of elliptical nanopillars formed with different polarization directions. Concentration of the K,PtCl,
solution is 10 mM. Laser power: 3 mW, irradiation time: 10 s. (E) Change of the orientation with
laser polarization direction. Error bars are the standard deviation of the orientation based on five
elliptical nanopillars.

Fig. S2 Irradiation wavelength-dependent oriented growth of platinum oxide nanoparticles.
Irradiation condition: (A) 532 nm CW laser at 3 mW for 15 s; (B) 641 nm CW laser at 4 mW for 80
S.
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Fig. S3 Concentration-dependent oriented growth of platinum oxide nanopillars. Irradiation power:
3 mW, irradiation time: 10 s. Concentration of the K,PtCl, solution: (A, B) 20 mM, (C, D) 10 mM,
(E, F) 5 mM. (A, C, E) are top views and (B, D, F) are side views. Scale bars are 500 nm. (G)
Change of the dimensions of nanopillars with the concentration of K,PtCl,.

Top view

=
[©)
>
o
&
==
0.3
E Time (s) F 1000}
- 1000
O) —~
£02f 2 = )
6 — 60 e (g_
= o 500 e
1500 —~
3 0.1 o = E
2 —8-Long axis =
—&- Short axis
. 5 —8—Height |
500 600 700 800 900 0 20 40 60
Wavelength (nm) Time (s)

Fig. S4 Time-dependent oriented growth of platinum oxide nanopillars. (A-D) SEM images of
nanopillars formed with different irradiation time. Concentration of K,PtCl, solution is 10 mM.
Irradiation power: 3mW. (A) 1 s, (B)5s, (C) 20 s, (D) 60 s. Scale bars are 500 nm. (E) Scattering
spectra of the platinum oxide nanopillars shown in (A-D). (F) Change of the sizes of the
nanopillars with irradiation time.



Fig. S5 SEM image of platinum oxide nanopatrticles formed at initial stage of growth. Irradiation
power: 1 mW, irradiation time: 1 s. Concentration of K,PtCl, is 10 mM.
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Fig. S6 Calculated optical forces along X, y, and z directions between two platinum oxide

nanoparticles with different separations. Inset scheme denotes the axial system and the
polarization direction of the incidence.
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Fig. S7 Polarization-directed oriented growth of cadmium sulfide ellipsoids. (A-C) SEM image of
CdS ellipsoids formed with different irradiation time and (B) its EDS.

Fig. S8 Arrays of twisted platinum oxide micropillars fabricated by laser direct writing. (A) Dark
field images, (B) SEM image.

Fig. S9 Electric near field profile of twisted platinum oxide ellipsoids with incidence of RCP light
(650 nm).
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Fig. S10 Spiral nanostructures of (A, B) platinum oxide, (C, D) cadmium sulfide and (E, F)
palladium oxide fabricated by laser direct writing with vector beams. (A, C, E) Dark field images.
(B, D, F) SEM images.



Fig. S11 Electric near field profile of left-handed spiral platinum oxide nanostructure with
incidence of LCP light (510 nm).
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Fig. S12 Correlation of optical chirality with structural chirality. (A) SEM images of platinum oxide
nanostructures with increasing alignment angle (6) during the irradiation, (B) CDS spectra of
platinum oxide nanostructures with different alignment angles. (C) Change of the CDS peak
intensity with the alignment angle, showing the strongest chiroptic response with alignment angle
of ~45°..



Fig. S13 Simulation of chiral emission rate of (A, B) LH and (C, D) RH cadmium sulfide
nanostructures with (A, C) LCP and (B, D) RCP excitation.
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Fig. S14 PL spectra of achiral nanostructure of cadmium sulfide. I and I denote the PL spectra
excited with LCP and RCP beam respectively. Scale bar is 500 nm.
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Fig. S15 Experimental setup of polarization-directed growth of twisted micropillars. LP: linear
polarizer. HW: half-wave plate. BS: beam splitter. DF: dark field module.



Table S1. Comparison of different types of chiral nanostructures

Geometry Method g-factor Wavelength (nm) Reference
Chiral I-Xg GIancung?ngIe ~10-3 370 S5
nanoparticles deposition
Chiral Au Chemical ~0.2-0.4 727, 622, 980 56-58
nanoparticles synthesis
Helical Au Self-assembly ~ ~0.04-0.12 600-650 59, 510
nanoparticles
P|¢.':ISIT10I"IIC Ele.ctron—beam ~0.14 1100 ST
oligomers lithography
A r)anorod Self-assembly ~0.25 740 512
dimers
HgS ellipsoids Chemical ~0.0125 540 513
synthesis
cdTe t.WISted Self-assembly 0.04 490 S14
nanoribbons
PLO spiral Laser direct ~0.2 450-750 This work
structures writing
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