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Fig. 1. Experimental setup and measurement of single CdS nanowire: (a) SEM image of the single CdS nanowire prepared via chemical
vapor deposition growth; (b) SHG spectroscopic and microscopic imaging device and the SHG image of CdS nanowire; (c¢) normalized
laser spectra (red dotted lines) versus SHG spectra (blue solid lines); (d) the relationship between SHG signal intensity and excitation
intensity, error bar is also shown; (e) geometry of the laboratory frame (XYZ), the linearly polarized pumped laser propagates along the
z axis, the opto-electric field E; of the pumped laser in the XY plane has a variable angle 6 with the growth axis of the nanowire; (f) the
relative position of the crystal frame (z,y.2,) in the laboratory frame, @ is the angle between the z, and z axes, 7 is the angle between
the X axis and the projection of z, on the XY plane, w is the angle between the intersection of the z, and XY planes and the z,y, planes,
the orientation of z, is consistent with the C axis of CdS nanowires, which is defined by ¢ and 7 angles.
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Fig. 2. Polarization-dependent SHG patterns in different single CdS nanowires: (a) Crystal orientation of CdS nanowires is determ-

ined as ¢ = 104°, v = 39°, w = 78° the points represent experimental data and the solid lines represent theoretical fittings;

(b), (c) related theoretical fittings, only changing 7 values while keeping ¢ and w the same as panel (a); (d) the orientation is ¢ =

78°, v = 28°, SHG pattern of another CdS nanowire with w = 85°%; (e), (f) theoretical fittings with different ¥ values, while ¢ and w

are remained the same as panel (d).
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Fig. 3. Polarization-dependent SHG patterns in different single CdS nanowires: (a) Crystal orientation of CdS nanowires is determ-

ined as ¢ = 74°, v = 39°, w = 80° the points represent experimental data and the solid lines represent theoretical fittings;

(b), (c) related theoretical fittings, only changing w values while keeping ¢ and 7 the same as panel (a); (d) the orientation is ¢ =
78°, v = 28°, SHG pattern of another CdS nanowire with w = 85°% (e), (f) theoretical fittings with different w values, while ¢ and 7

are remained the same as panel (d).
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Fig. 4. Measured SHG strength as a function of the polarization angle 6 is shown in polar coordinates: (a) SHG pattern of a single CdS

nanowire with the crystal orientation ¢ = 74°, v = 39°, w = 80° is obtained, points represent experimental data, while the solid lines

represent theoretical fittings; (b), (c) theoretical fits with different ¢ values, while 7 and w are remained the same as panel (a).
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Fig. 5. SHG microscopic image of CdS nanowire under different polarization angle of input laser: (a) SHG microscopic image of CdS

nanowire with polarization angle at 0°; (b) SHG spectrum of CdS nanowire with polarization angle at 0% (¢) SHG microscopic image of

CdS nanowire with polarization angle at 45°; (d) SHG spectrum of CdS nanowire with polarization angle at 45°.
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1k, GKLE 10 2 1Y SHC SR EERE K, Mgk 3
() SHG 58 B 9/ Xt ml LA R 1) SHG Y%
F A, i 5(b), (d) Bis. AR, [ 5(a),
(c) ek 1 13 B, SHG 3 7E Rl — R 40K
R AR E M G 22 5%, A TRl 55
A, BEEASHCIRIRTT 0251k, SHG 3855

164207-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 16 (2024)

164207

Iy MITENKR R FORE 7 B R T 484k, SHG Y
T A 415 M 7 A S B T 90 DK 2 2 A Ko R P R
KL, 7E CdS GERZARIRAL L AR A SH R T
g SHG YiE A 225 AR, SHG AL
1G0T IS CdS 90K 26 1) 2 (6] o7 B T A4k, A kb
SHG YEig B fin A fii, 25T SHG ik gk & AR 4T
AN FETF B, R4S SHG Stk i s HoAT A BRI
23 [A] 43 PER AT RN U4 i AR A
M e, H SHG W& n] IWFSE CdS 44
KEEATRIERALL SHG 58 B (S5 X AR ) 1743 #i 1
O, B B AR ME N 9. R, 454 SHG
ST A AG h A K 2 A ) 5 g D B 5 48 %o R
PRI TEAIA ST B4 T8 S

4 & i

ARSCHI A SHG 8 e Se 56l & 7 A [H] B
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T S I e 2 SR BT AN R, B TR
IFi) BRLRR 4 K 8l 11 235 e B ) P AR 7 8, 40
MRT 3102wy, w Ml o X TR CdS YK
£k SHG. i N A6 R R R (52 . i 95 e WA, A 4R
G T RAGE T ZnS KL, uid
T CdS GRE W Eoks 8 25 [\ e A, BAT) 2 038
FHPEFNA] SEPE. RAE CdS 99K4H) SHG 5 S hEE
TR f E AR AL AL RIS ZnS 250, (HUL R T
AN—FE)—T, FE RS E N bR R AL
AR fefa, AR S G H SHG Ytk 5 SHG
IO AR ATE 5T 4K 2 235 (B L) 5 45 R X6 g 2 [ A
iR T 9K ER S50 5 ft L ) R T 5 S B S5 F 5
Dy ik, WRGTEE ST TR 20 FRAR CdS KRS
B e B HE S ME.
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Abstract

The second harmonic generation (SHG), as a nonlinear optical effect, has a wide range of applications in
obtaining information such as material composition, structure, and properties due to its good polarization
sensitivity. Although SHG spectroscopy or SHG microscopy has been used to explore the precise positioning or
tracking of nanowires, there are few reports on the combination of SHG spectroscopy and SHG microscopy to
study the structure of nanomaterials and the spatial orientation of crystal axes. In this work, we investigate the
spatial orientation and crystal axis orientation of cadmium sulfide (CdS) nanowires by combining SHG
spectroscopy and microscopic imaging. Firstly, we experimentally and theoretically study the spectral intensity
of the SHG of CdS nanowires with the polarization direction of the incident light based on the all-optical
analysis method proposed by the predecessors. We also analyze the influence of the azimuth angle of the crystal
axis 7, w and ¢ on the pattern of the SHG of CdS nanowires in detail. Secondly, through the mutual
verification of theoretical calculations and experimental measurement results, we successfully determine the
three axial orientations of a single CdS nanowire. Finally, we also investigate the spatial orientation of a single
CdS nanowire by using the polarization-dependent SHG microscopic imaging method. It is shown that different
parts of the CdS nanowire have different SHG responses when the polarization is changed. These results provide
a new idea and an important reference for studying the application of SHG spectroscopy and microscopic
imaging in the research of high-precision spatial positioning of nanomaterials. This study provides important

enlightenment for realizing the potential applications of nanomaterials in biomedicine.
Keywords: second harmonic generation, CdS nanowire, polarization, crystal orientation
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