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Table 1 TEM measurement results

. TEM
Sample Nominal value /
Number measurement
model (nm>Xnm)
value /(nmXnm)
1 DKAU-3.2 80X 25 88X 31
2 DKAU-6.0 78 X13 82X 12
3 DKAU-15 300X 20 247X 21
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Fig. 2 TEM images of three gold nanorod samples. (a) DKAU-3. 2; (b) DKAU-6. 0; (c) DKAU-15
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Fig. 6 Electric field autocorrelation functions of three samples. (a) DKAU-3. 2; (b) DKAU-6. 0; (¢) DKAU-15
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Fig. 7 Attenuation linewidth distribution inverted by Tikhonov. (a) To invert gi4; (b) to invert g\

BN REEEE R DL, T 5 FBY 8RO MK,
PRI T L A1 1) 1R OC PR B B B 2 RS R B
B DS

F F Tikhonov 1E W 4k Jiz 38 5 6 X = Fh A & 19 L
Y B AH G sRECHEAT SO, IF XA G R B TG
V'V Jr Ial H AH G eR I 1 5 iR 22 43 00 2 0..0037
0.0031.0.0018, ", 4+ 5 4 3.52.5.17.2. 31 kHz, —
20 VH L3 FAH 5 eR B0 35 J7 MR 1R 22 43 5 R 0. 0144

@12 * DKAU-3.2 raw data
DKAU-3.2 fitting data
1.0 DKAU-6.0 raw data
%, ——DKAU-6.0 fitting data,
o DKAU-15 raw data
0.8} “%——DKAU-15 fitting data
5
~£06
o
04}
0.2
O . "
10t 10° 10! 10% 10° 10* 10°

Delay time 7 /us

0.0133,0.0046, I',; 4351 A 20. 38,40. 46 . 4. 49 kHz,
= (5)3k 18 I, 43514 16.85.35.29.2. 18 kHz, #l&
J B HL 37 A DG pRBCIN K] 8 BT o

WG Bk Ry aEs 5, i) 8s
WP BT R D MY B AH D, A (12)
KRR p BT 1S K AR H p AR A (13) B AT 4R 15 44
DK B R BE R B AR, L FORE A BRI 5 R gk 2
FIFR o

(12 * DKAU-3.2 raw data
DKAU-3.2 fitting datal
1.0+ DKAU-6.0 raw data
%, ——DKAU-6.0 fitting datal
0.8+
s
~
1% 0.6
0.4}
02 DKAU-15 raw data
DKAU-15 fitting data
0
10t 10° 10! 10% 10° 104 10°

Delay time 7 /us

K8  Tikhonov 004 f HL Y H ARG MR EE . (a) X gD HEAT LA 5 (b) X W SEAT 34
Fig. 8 Electric field autocorrelation function fitted by Tikhonov method. (a) To fit gi}; (b) to fit g{%

2 PR S BRI 2
Table 2 Single measurement results of three samples
D, /10" .
Sample model Qi vy ' /kHz I, /kHz (m?/s) D, /s P L /nm D /nm
m°/s
DKAU-3.2 0.55 0.11 3.52 16. 85 7.14 2808.9 2.49 98.6 39.6
DKAU-6.0 0.44 0.24 5.17 35.29 10. 47 5881.6 4.88 94.1 19.3
DKAU-15 0.29 0.17 2.31 2.18 4.67 363.6 9. 20 271.9 29.6
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Table 3 Measurement and correction results of gold nanorods

TEM measurement value Regularized fitting result Correction result Relative error
Sample model PI
L /nm D /nm L /nm D /nm L /nm D /nm oL /%  0p /W

DKAU-3. 2 88.14+7.7 31.3£3.4 99.543.9
DKAU-6.0 81.8+10.4 12.5+1.5 93.9£1.9
DKAU-15 247.4464.5 21.4+£3.7 272.6+6.0

39.042.6 93.543.9 33.042.6 6.1 5.4 0.18
19.2+1.6 87.9+1.9 13.2+1.6 7.4 5.6 0. 20
29.04£3.5 266.6%£6.0 23.0+£3.5 7.8 7.5 0. 36
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Fig. 9 Three-dimensional models of three gold nanorods. (a) DKAU-3. 2; (b) DKAU-6. 0; (c) DKAU-15
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Table 4 Exponential fitting results with different initial values

Initial value

Sample model L /nm D /nm
A I, B I
0.9 1000 0.1 1000 74.3 158. 2
DKAU-3. 2 0.9 1000 0.1 10000 68. 3 64.4
0.9 3500 0.1 20000 101. 2 38.0
0.9 1000 0.1 1000 62.5 142.0
DKAU-6.0 0.9 1000 0.1 3000 70.6 220.7
0.9 2000 0.1 20000 98.4 17.9
0.9 1000 0.1 1000 116. 4 187.8
DKAU-15 0.9 1000 0.1 10000 123.6 121.2
0.9 2000 0.1 5000 273.1 31.2
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Table 5 Exponential fitting results and correction results

Exponential fitting result Correction result Relative error

Sample model

L /nm D /nm L /nm D /nm o, /% op /%

DKAU-3.2 101.5+3.8 37.7+2.8 95.54+3.8 31.7+2.8 8.4 1.3

DKAU-6.0 95.34+1.8 19.6+1.0 89.3+1.8 13.6+1.0 9.1 8.8

DKAU-15 271.1+6.2 28.74+2.8 265.1+6.2 22.7+2.8 7.2 6.1
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Abstract

Objective The properties of nanoparticles are related to their structures and sizes, and studying methods for measuring
the length and diameter of rod-shaped nanoparticles is of practical significance. Transmission electron microscopy has high
resolution and can provide detailed morphological features of rod-shaped nanoparticles. However, electron microscopy can
only observe a small number of particles, and the measurement results lack statistical significance. The dynamic light
scattering method can quickly characterize the particle size and size distribution of nanoparticles, but since this method
assumes that the measured particles are spherical, it cannot accurately measure the size of rod-shaped particles. The
depolarization dynamic light scattering method can obtain the length and diameter of rod-shaped nanoparticles by measuring
the translational and rotational diffusion coefficients of particles in Brownian motion. It is necessary to fit the translational
and rotational attenuation linewidths separately for obtaining the translational and rotational diffusion coefficients of the
Brownian motion of rod-shaped nanoparticles. Exponential fitting algorithms are commonly adopted in fitting the
attenuation linewidth, but they are greatly affected by the initial value. When the initial value is not suitable, the
measurement results will deviate from the true value. To this end, a Tikhonov regularization algorithm is proposed to
invert the vertical and horizontal polarization autocorrelation functions obtained from depolarized dynamic light scattering

experiments, thereby putting forward a method for acquiring the translational and rotational attenuation linewidths.

Methods The experimental device employs a 532 nm vertically polarized solid-state laser as the light source, and a Glen
Thompson lens is placed at a 90° scattering angle position. The lens divides the scattered light into two optical paths of
horizontal polarization and vertical polarization. On each path, a single-mode fiber is utilized to receive the scattered light
signal, which is then fed into a photomultiplier tube. After receiving the scattered light signal, the normalized
autocorrelation function of light intensity is obtained by real-time calculation of a large dynamic range high-speed digital
correlator. Additionally, the temperature control system maintains the sample cell temperature at 25 ‘C. During the
experiment, the experimental device is covered with a shell to prevent interference from stray light and reduce
measurement errors. Three different sizes of gold nanorod samples are purchased, and four different concentrations of gold
nanorod samples are set for depolarization dynamic light scattering measurements. The autocorrelation functions of vertical
and horizontal polarization directions of samples with different concentrations are obtained. The Tikhonov regularization
algorithm is adopted to invert the autocorrelation function to obtain the translational and rotational attenuation linewidths.
After converting the attenuation linewidth into diffusion coefficient, the Tirado-Garcia de la Torre (TG) model can be
leveraged to fit the length and diameter of rod-shaped nanoparticles. Since rod-shaped gold nanoparticles are surrounded by
an adsorption layer in the liquid, the adsorption layer increases the size of the rod-shaped gold nanoparticles, making their
size slightly larger than the actual size in the liquid. Therefore, we have corrected the three sets of length and diameter data
obtained from depolarized dynamic light scattering measurements. The measurement results are compared with those of a

transmission electron microscope to verify the feasibility of this method.

Results and Discussions After Tikhonov regularization inversion of the horizontal polarization autocorrelation function, a
single-peak attenuation linewidth distribution can be obtained, and the mixed attenuation linewidth can be obtained from its
peak [Fig. 7(a)]. After performing Tikhonov regularization inversion on the vertical polarization autocorrelation function, a
bimodal attenuation linewidth distribution is obtained, and the translational attenuation linewidth can be acquired from its
left peak [Fig. 7(b)]. The original concentrations of the three samples are all 0.1 mg/ml, and samples with different
concentrations of 0. 10, 0.07, 0.05, and 0.03 mg/ml respectively are obtained by diluting them. The experimental data
show that the autocorrelation functions of light intensity of samples with different concentrations coincide, with consistent

measurement results (Fig. 3).

Conclusions We propose to employ the Tikhonov regularization algorithm to invert the autocorrelation functions in the

horizontal and vertical polarization directions, respectively and thus to obtain the translational and rotational attenuation
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linewidths. After converting the attenuation linewidths into diffusion coefficients, the length and diameter of rod-shaped
nanoparticles can be fitted using the TG model. The experimental results show that after removing the adsorption layer
after correction, the length and diameter measurements of three sets of rod-shaped gold nanoparticles obtained using the
depolarization dynamic light scattering method based on Tikhonov inversion are within 8% of the measurement results of
transmission electron microscopy. This indicates that the corrected measurement results are consistent with the
measurement results of transmission electron microscopy. The experimental data demonstrate that the autocorrelation
functions of light intensity of samples with different concentrations basically coincide, and the measurement results remain

consistent.

Key words depolarized dynamic light scattering; gold nanorod; translational diffusion coefficient; rotational diffusion

coefficient; polydispersity
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