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Abstract   Compared to mechanical rheology, micro-rheology (µR) can probe the viscoelasticity of soft matter non-invasively with spatial resolu-

tion and broad temporal coverage; however, the measurement quality is undermined by interference from the structural and dynamic inhomo-

geneity of the tested media. Herein, gold nanorods are dispersed in tested media as tracer particles, and their diffusive dynamics are monitored

by depolarized dynamic light scattering for the analysis of the rheological properties of the tested media, as the rotational/translational dynam-

ics of tracers can be converted to shear modulus via the generalized Stokes-Einstein relation. Because of their strong optical scattering to the

laser and the polarization of incident light, the contrast in the dynamics of gold nanorods over the media can be enhanced, rendering the fast

and accurate measurement of rheological properties. The method was verified for applications in broad types of substrates, including ergodic

systems such as polymer solutions, silica suspensions, non-ergodic gel systems, and biological fluids such as plasma. The critical experimental pa-

rameters, for example, tracer size and scattering angle range, are studied for their impact on the measurement quality, and they can be systemati-

cally optimized for feasible and practical applications of the developed µR method.
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INTRODUCTION

G∗ (ω)

The Brownian motion of tracers suspended in matrix has been
applied  to  characterize  the  viscoelasticity  of  soft  materials  and
microstructures through micro-rheology (µR) for more than two
decades.[1−7] Video  particle  tracking  (VPT)  technique  or  light
scattering methods have been employed to measure the trans-
lational  diffusive  motion  for  mean  square  displacement  (MSD)
and/or rotational diffusive motion for mean square angular dis-
placement  (MAD),  and  a  generalized  Stokes-Einstein  relation
(GSER) has been applied to convert the displacement to the fre-
quency-dependent  shear  modulus, .[8−11] Compared  to
MAD, the measurement of the MSD of tracers is easier, but the
obtained information is limited, especially for rheological prop-
erties  at  high  frequency,  since  the  translational  motion  of  the
probes can be quenched in strongly confined geometries.[5] To
fulfill the detection of MAD, spherical tracer particles with inter-
nal  optical  anisotropy  such  as  liquid  crystal  particle  (LCP),  was

applied  at  first.[10] In  comparison  to  LCP,  tracer  particles  with
anisotropic  topologies, e.g.,  gold  nanorods  (GNRs),  have  been
broadly  used  since  their  sizes  can  be  continuously  modulated
and their  applications  in  systems at  different  length scales  can
be favored.  The  pioneering work  by  Crocker et  al.  has  demon-
strated the feasibility  of  deducing the shear  modulus from the
MAD  of  GNRs  using  VPT  method;[12] nevertheless,  it  requires
long time measurements to ensure the statistics of collected da-
ta and moreover, sophisticated data processing techniques. This
not only lowers down the efficiency for µR measurements,  but
also  severely  limits  its  applications  in  systems under  non-equi-
librium  state.  For  anisotropic  particles,  the  off-diagonal  ele-
ments  of  the  polarizability  tensor  are  not  zero,  which  leads  to
the changing of the polarization and contributes a signal of de-
polarized  scattering.[13] Since  only  the  anisotropic  tracer  can
contribute  to  the  depolarized  signal,  the  depolarized  dynamic
light  scattering  (DDLS)  setup  filters  the  possible  interference
originating from the scattering of the matrix. Therefore, the ori-
entational  correlation  function  can  be  measured  by  DDLS,
which can overcome the above problems owing to the impact
on  the  polarization  of  light  and  strong  optical  scattering  of
GNRs.

Herein,  the  rotational  Brownian  motion  of  GNRs  is  mea-
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sured  employing  DDLS,  and  the  respective  rod-based  rota-
tional  GSER  is  also  solved  for  the  complex  shear  modulus  in
the  Fourier  frequency  domain  (Fig.  1).  Benefitting  from  the
orientation  dependent  surface  plasmon  resonance  of  GNRs,
the  scattered  light  is  strongly  polarized,  which  makes  the
DDLS measurement fast and accurate.  Meanwhile,  the polar-
izer  in  DDLS set-up filters  out  the signals  of  isotropic  matrix,
ensuring  the  high  contrast  and  the  purity  of  signal  of  the
GNRs  (Fig.  1c).[14,15] The  newly  developed  µR  method  is  also
verified in various soft matter systems, including polymer so-
lutions,  silica  suspensions,  functional  gels  and  biological  tis-
sues.

EXPERIMENTAL

The  details  of  experimental  section  and  complementary  data
are presented in the electronic supplementary information (ESI).

THEORY

The derivation of  the GSER in  the Fourier  domain for  the rota-
tion  of  anisotropic  tracers  (rod)  is  presented,  from  which  the
shear modulus can be finally extracted. Typically, the rotation of
a rod can be described by a generalized Langevin equation:

Ir ˙Ω (t) = fR (t) − ∫ t

0
ζr (t − τ)Ω (τ)dτ

Ω (t) = dθ
dt

(1)

Ir Ω (t)
ζr (t)

fR (t)
fR (t)

where  and  are the rotational inertia and angular velocity
of the rod,  respectively;  the dot represents the time derivative.

 is the rotational memory function describing the local vis-
coelasticity of the isotropic, incompressible continuum without
local  heterogeneities and neglects finite-size effects.[4] The ran-
dom  thermal  driving  torque  covers  both  instantaneous
and reactive stochastic forces and it follows a Gaussian distribu-
tion, which makes  decouple from the distribution of veloc-
ities: ⟨Ω (0) fR (t)⟩ = 0 (2)

where the brackets correspond to ensemble average.
The solution of Eq. (1) is similar to that for the translational

Langevin  equation.  Taking  the  Fourier  transform  of  Eq.  (1)
gives us:

F [Ω (t)] = F [fR (t)] + IrΩ (0)
iωIr + F [ζr (t)] (3)

F [∫ t0dτΩ (τ) ζr (t − τ)] = F [ζr (t)]F [Ω( t )] ω = 1
t

Ω (0)
where  Eq.  (3)  is  simplified  using  the  convolution  theorem:

,  and .  We

multiply Eq. (3) by  and perform the ensemble averaging:

F [⟨Ω (0)Ω (t)⟩] = F [⟨fR (t)Ω (0)⟩] + ⟨IrΩ (0)Ω (0)⟩
F [ζr (t)] + iωIr

(4)

The  thermal  energy  equipartition  theorem  exports  the  ki-
netic energy:

Ir ⟨Ω (0)Ω (0)⟩ = kBT (5)

kB Twhere  is the Boltzmann constant,  is the absolute tempera-
ture.

fR (t)Together  with  the  property  of  causality  of  in  Eq.  (2),
Eq. (4) can be further simplified as:

F [⟨Ω (0)Ω (t)⟩] = kBT
F [ζr (t)] (6)

where  the  initial  term  originating  from  the  rotation  inertia  is
negligible,  except  at  very  high frequency,  and can be omitted.
The above approximation is suitable, as suggested by previous
studies  and  the  subsequent  experiments  in  this  study.[1,12] The
Fourier transform of the rotational memory function of rod can
be described as follows:

F [ζr (t)] = 1
3
πL3F [η (t)][ln (p) + Cr] (7)

L p = L
d
F [η( t )]

Cr = −0.662 +
0.917
p −

0.05

p2

where  represents the rod length,  is  the length-diame-

ter  ratio  of  the  rod, d is  the  diameter,  is  the  Fourier
transformed  viscosity,  which  is  frequency  dependent,  and

,  which  is  introduced  to  deal  with
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Fig. 1    Graphical representation of (a) ordinary dynamic light scattering and (b) depolarized dynamic light scattering; (c) Graphical representation
of the detection of depolarized signals and the principle of achieving shear modulus.
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Cr

the  end  effect  of  non-ideal  rod  with  finite  length.  The  expres-
sion for  is strictly valid for rods with p=2−20 based on report-
ed works, and the sizes of tracers used in this work can meet the
requirement.[16] ⟨Δθ2 (t)⟩
F [⟨Ω (0)Ω (t)⟩]Meanwhile,  the  relationship  between  MAD  ( )  and

 can be described as:

F [⟨Ω (0)Ω (t)⟩] = (iω)2
2

F [⟨Δθ2 (t)⟩] (8)

Combining Eqs. (6)−(8), we can get the equation below:

F [η (t)] = 6kBT(iω)2πL3F [⟨Δθ2 (t)⟩] [ln (p) + Cr] (9)

G∗ (ω)
G∗ (ω) = iωF [η( t )]

We applied the Stokes relation here, assuming that the ma-
trix around the tracer is a continuum, which is valid when the
length scale of the tracer is much larger than the characteris-
tic sizes of the matrix. Based on the same assumption, the fre-
quency-dependent  complex  modulus  ( )  can  be  calcu-
lated utilizing :

G∗ (ω) = 6kBT

iωπL3F [⟨Δθ2 (t)⟩] [ln (p) + Cr] (10)

Eq.  (10)  is  the  generalization  of  the  Stokes-Einstein  equa-
tion in Fourier domain.

ω

For the practical calculation of the modulus curve in the ex-
periment, we took the method used by Mason et al.  to avoid
potential errors near the frequency extremes. The MAD is ex-
panded locally around a specific frequency :

⟨Δθ2 (t)⟩ ≈ ⟨Δθ2 ( 1
ω )⟩ (ωt)α(ω), α (ω) = dln ⟨Δθ2 (t)⟩

dlnt

»»»»»»»»»»»t= 1
ω

(11)

The Fourier transformation of Eq. (11) gives:

iωF [⟨Δθ2 (t)⟩] ≈ ⟨Δθ2 ( 1
ω )⟩ Γ [1 + α (ω)] i−α(ω) (12)

Γ [1 + α] ≈ 0.457(1 + α)2 − 1.36 (1 + α) + 1.9

G’ (ω) G’’ (ω)
where  the  gamma  function  can  be  well  represented  by

.[17] Substituting
Eq.  (12)  into  Eq.  (10)  and  the  application  of  Euler’s  equation
leads to the expression for complex modulus, storage modulus
( ) and loss modulus ( ):

G∗ (ω) = 6kBTe
iπα(ω)

2

πL3 ⟨Δθ2 ( 1
ω )⟩ Γ [1 + α (ω)] [ln (p) + Cr] (13)

G′ (ω) = ∣G∗ (ω)∣ cos (πα (ω)
2

)
G′′ (ω) = ∣G∗ (ω)∣ sin (πα (ω)

2
) (14)

Finally, we have reached the feasible equations for the cal-
culation of modulus using MAD of rod-like tracers.

The  MAD  of  the  tracer  can  be  obtained  from  the  correla-
tion function measured by the DDLS experiments, as follows:

⟨Δθ2 (t)⟩ = 2

3 (q2
2 − q2

1) ln

»»»»»»»»»»»g1,VH(q2, t)q2
1

g1,VH(q1, t)q2
2

»»»»»»»»»»» (15)

g1,VH(q, t)(q = 4πn
λ

sin (θ
2
))

n

where  is the first-order correlation function measured

by  DDLS,  is  the  scattering  vector  describing

the spatial scales of DDLS experiments,  is the refractive index

λ θof the solvent,  is the wavelength of the incident laser and  is
the scattering angle.  The method used here is  based on classi-
cal dynamic light scattering theory using the Gaussian approxi-
mation, which is universal.[13,14] As shown in Eq. (15), two corre-
lation functions measured at two different scattering angles are
required for the rheological analysis, and the effect of the com-
bination  of  scattering  angles  on  the  micro-rheology  results  is
discussed in next section.

RESULTS AND DISCUSSION

All  data  presented here  are  collected on a  3D-DLS Spectrome-
ter (LS instruments, Switzerland) and the wavelength of laser is
660 nm. Two kinds of tracer GNRs with different dimensions are
used  to  perform  the  experiments,  which  are  NR170  (170  ×  45
nm) and NR230 (230 × 15 nm), and the structure parameters of
these rods  have been confirmed from DDLS,  small  angel  X-ray
scattering  (SAXS)  and  TEM  (transmission  electron  microscopy)
(Fig.  S1  and  Table  S1  in  ESI).  The  detailed  description  of  the
preparation of  samples and experimental  setup are covered in
ESI. The obtained data are analyzed using the protocols clarified
above, and the combination of scattering angles for these data
are 60° and 130°. To validate the precision and robustness of the
developed methodology,  we have executed a series of  control
experiments on both nonergodic and ergodic systems. Further-
more, the key experimental parameters, including the tracer size
and the combination of scattering angles, are explored for opti-
mized measurement quality of the developed µR techniques.

g1,E (q, t)

The  model  system  of  functional  gel,  TPEG  (tetra-polyethy-
lene glycol, Mw=4.0×104 g/mol), is applied as non-ergodic sys-
tems for  µR studies.  For  non-ergodic  systems,  the time-aver-
aged  quantities  couldn’t  be  consistent  with  ensemble-aver-
aged  quantities.  Pusey  and  co-workers  developed  a  method
to  acquire  the  ensemble-averaged  first-order  correlation
function  based  on  time-averaged  correlation  func-
tions  of  a  sub-ensemble.[18,19] The  specific  expression  is
shown below:

g1,E (q, t) = 1 +
1
Y
[√g2 (q, t) − σ2

T − 1] (16)

Y = ⟨I (q)⟩E/⟨I (q)⟩T ⟨I (q)⟩E

⟨I (q)⟩T⟨I (q)⟩E

g2(q, t)
σ2

T

σ2
T =

⟨I2 (q)⟩
T⟨I (q)⟩2

T

− 1

g2 (q, t) − 1

ω
1
2

where .  is  the  ensemble-averaged
scattering  intensity  measured  from  the  time-averaged  scatter-
ing  intensity  while  rotating  the  sample  (different  sub-ensem-
bles), and  is the time-averaged scattered intensity mea-
sured similar to  but keeping the sample at a fixed posi-
tion.  is  the  second-order  correlation  function  obtained
from  experiments.  is  the  mean-square  intensity  fluctuation

( ),  which  is  the  same  as  the  intercept  of

. After acquiring the precise ensemble-averaged cor-
relation function based on the protocols introduced above, the
complex moduli of TPEG hydrogel can be calculated. As shown
in Fig.  2(a),  a plateau can be observed in the storage modulus,
which is the feature of viscoelastic hydrogels, indicating that the
size  of  NR170  tracer  is  larger  than  the  mesh  size  of  TPEG  gel

(about  20  nm).[14] At  high  frequencies,  a  scaling  of  corre-

sponding to Rouse dynamics can be observed, which is a com-
mon phenomenon in  neutral  hydrogel  systems.[20] Besides,  we
found  reasonable  agreement  between  mechanical  rheology
and the developed method for TPEG hydrogel (Fig.  S2a in ESI),
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which  further  demonstrates  the  reliability  of  the  µR  method.
The excellent characterization of TPEG gel demonstrates the ro-
bustness  of  the  method developed.  However,  there  are  limita-
tions  to  DDLS/anisotropic  tracer  based  µR  technology,  as  the
fluctuation of tracer will  be restricted due to its less discernible
displacement within highly elastic  matrix,  and such fluctuation
cannot be captured by the correlation function. As a result, the
DDLS/anisotropic  tracer  based  µR  is  suitable  for  material  with
low  modulus  instead  of  systems  with  high  stiffness.  Since  the
method is  applied to non-ideal  systems,  and such applications
are  significant  for  practical  use,  some  important  points  should
be  mentioned.  To  fulfill  the  assumptions  of  the  method,  the
tracer size must be larger than the characteristic size of the ma-
trix.  For  gel-like  systems,  there  are  two  problems.  One  is  the
non-ergodicity,  the  valid  micro-rheology  experiment  requires
careful  correction  of  non-ergodicity  as  we  have  illustrated
above. The other one is the heterogeneity of the gel itself. As we
all  know,  most  of  the  gel  systems  are  heterogeneous,  and  the
heterogeneity  of  gel  may  affect  the  results  of  micro-rheology,
leading to serious deviations. If the tracer particles are loaded af-
ter gelation, the tracer particle can not enter heterogeneities of
aggregates of strands, and the results will be unreliable. There-
fore, the tracer particle should be loaded in situ of the formation
of gel, and the averaged dynamics of tracer can be monitored to
rebuild the real rheological curve.

ξ

ξ = Rg ( C∗C )0.75

ω1 ω2

G’ G’’

Compared  with  non-ergodic  systems,  the  characterization
of ergodic systems is more straightforward and feasible. Take
the  solution  of  PEG  400k  (22.5  mg/mL)  as  an  example,  the
mesh  size  ( )  of  the  system  is  about  1.5  nm  according  to

.[21] As shown in Fig. 2(b), the obtained complex

moduli exhibit scaling of  and  at low frequencies, which
are  typical  in  polymer  systems  based  on  classical  polymer
physics theory. Then, the cross point of  and  represents
the terminal  relaxation of  the PEG chain.[20,22,23] We also per-
formed  the  comparison  between  mechanical  rheology  and
the  developed  method  for  this  sample,  and  the  obtained
trends are the same but the data property of mechanical rhe-
ology is poor compared to the method developed (Fig. S2b in
ESI),  which demonstrates the reliability of  the developed mi-
cro-rheology  method  and  its  important  complementary  ef-
fect to mechanical rheometer.

In  addition to  classical  polymer  systems,  we also  conduct-

ed experiments on colloidal particle systems. A suspension of
45  wt%  of  silica  nanospheres  with  32  nm  diameter  is  mea-
sured (Fig. S1 and Table. S1 in ESI), and the obtained result is
shown in Fig. 3(a). Different from polymer solutions, the scal-
ing of complex moduli at low frequencies are 1, which is simi-
lar to other granular systems.[24−27] The above precise experi-
mental results of various systems and the respective compari-
son  between  mechanical  rheology  demonstrate  that  micro-
rheology based on DDLS and anisotropic tracer is capable of
characterizing soft  matter  systems of  interest  with improved
contrast and accuracy.

In the next section, we mainly discuss about the critical ex-
perimental  parameters  that  control  the  experimental  mea-
surement  quality  of  µR  technology.  As  shown  in  the  theory
section (Eq. 15), a complete calculation of complex moduli re-
quires  the  collection  of  correlation  functions  at  least  at  two
different  scattering  angles,  and  the  specific  combination
could affect the results. The tracer MAD extracted from corre-
lation functions measured at a series of combinations of scat-
tering angles are shown in Fig. 3(b). The broad scattering an-
gle  coverage  is  required  for  the  wide  frequency  window  of
rheological  data  just  as  suggested  in  Eq.  (15).  However,  the
collimation  of  commercialized  equipment  is  restricted  and
the  non-negligible  diameter  of  laser  beam  will  further  com-
press the angle coverage. As a result, the choice of combina-
tion of scattering angles should consider the intrinsic proper-
ty  of  the  equipment.  The  combination  of  scattering  angle
60°–130° used in this work is appropriate for most of the com-
mercialized instruments.

The tracer size is another determining factor for the experi-
mental coverage of µR frequency. As shown in Fig. 3(c),  a lit-
tle  bit  of  deviation  between  two  curves  can  be  observed,
while  we  wish  to  emphasize  that  this  level  of  dispersion  is
within  the  expected  variability  for  micro-rheology  measure-
ments,  especially  when comparing the results  obtained with
different  tracer  sizes,  as  the  CTAB  layer  on  the  surface  of
NR170 and NR230 may have slight differences that affect the
interaction  between  the  matrix  and  tracer.  Critically,  the  key
rheological features such as the crossover frequency, slope in
the  terminal  region  and  the  overall  order  of  magnitude  of
moduli show excellent consistency across the different tracer
sizes. This robust agreement is the primary validation sought
in consistency checks using different probe sizes. On the oth-
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Fig. 2    The complex moduli of (a) non-ergodic system of TPEG hydrogel, (b) ergodic system of solution of PEG.
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er hand, this level of consistency is comparable to the devia-
tion of other reported results.[11] Therefore, the data success-
fully demonstrates that the self-consistency shown in Fig. 3(c)
is  scientifically  satisfactory  and validates  the reliability  of  the
developed microrheology method. For larger tracers, the de-
cay  of  the  correlation  function  starts  at  longer  times,  which
leads  to  a  broader  range  of  frequencies.  However,  it  may
cause  potential  sacrifice  for  high  frequency  region  data,  as
the  relaxation  of  larger  tracers  can  be  suppressed  more
severely, even if for rotational dynamics (Fig. 3c). Meanwhile,
the  homogeneous  and  stable  suspension  of  tracers  within
matrix  during  experiment  impose  limit  on  their  largest  size.
The tracer size should be larger than the characteristic size of
the matrix to fulfill the assumption of the theory of micro-rhe-
ology  and  avoid  wrong  results.[28,29] Thus,  realistic  and  pre-
cise  micro-rheology  experiment  requires  balanced  choice  of
tracer size.

To demonstrate the significance of our method in practical
applications, a micro-rheology experiment has been conduct-
ed on mouse plasma, which shall  be intriguing for biologists
as  the  rheological  understanding  of  plasma  is  important  to
blood  healthy.  Plasma,  which  accounts  for  over  half  of  the
blood’s volume, is the extracellular matrix of blood. The com-
position  of  plasma  is  complex,  including  plasma  proteins,
electrolytes,  nutrients,  enzymes,  hormones,  cholesterol  and
large  amount  of  water  (90%–92%).[30,31] As  shown  in Fig.  4,

the scaling of complex moduli at low frequency is close to 1,
which  is  similar  to  the  suspension  of  silica  nanospheres
(Fig.  3a).  This  similarity  shall  originate  from  the  granular  na-
ture of plasma, and similar rheological results of plasma have
also been reported by Deano et al.[32]

Compared  with  the  reported  micro-rheology  method
based  on  translational  dynamics,  the  newly  developed
method is a good complement. The main difference between

 

a

c

10
3

10
4

10
3

10
2

10
4

10
5

10
6

10
1

10
2

M
o

d
u

lu
s 

(P
a

)
M

o
d

u
lu

s 
(P

a
)

SiO2-G'

SiO2-G''

10
1

10
2

10
3

NR230-G'

NR230-G''

 NR170-G'

 NR170-G''

b

10
−4

10
−3

10
−2

10
−1

10
−4

10
−3

10
−2

10
−1

10
−4

10
−3

10
−2

10
−1

10
−4

10
−3

10
−2

10
−1

10
0

10
0

10
0

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

130-60

130-110

130-120

M
A

D
 (

ra
d

2
)

M
A

D
 (

ra
d

2
)

M
A

D
 (

ra
d

2
)

M
A

D
 (

ra
d

2
)

130-90

t (s)

ω (s
−1

)

ω (s
−1

)

ω
0.5

ω
1

ω
1

ω
2

 
Fig. 3    The rheological results. (a) The complex moduli of suspension of silica nanospheres; (b) The MAD extracted from the correlation functions
with different combinations of scattering angles, and the colored squares represent the temporal range within which the data is effective; (c) The
complex moduli of PEG 400k solution using tracers with different sizes (NR170 and NR230).

 

10
4

10
5

10
6

10
1

10
2

M
o

d
u

lu
s 

(P
a

)

 G'

 G''

1

ω (s
−1

) 
Fig.  4    The  complex  moduli  of  mouse  plasma  at  room
temperature.                     

1764 Xue, B. H. et al. / Chinese J. Polym. Sci. 2026, 44, 1760–1766  

 
https://doi.org/10.1007/s10118-025-3445-0

 

https://doi.org/10.1007/s10118-025-3445-0
https://doi.org/10.1007/s10118-025-3445-0
https://doi.org/10.1007/s10118-025-3445-0
https://doi.org/10.1007/s10118-025-3445-0
https://doi.org/10.1007/s10118-025-3445-0
https://doi.org/10.1007/s10118-025-3445-0
https://doi.org/10.1007/s10118-025-3445-0


the applicability of MAD-micro-rheology and MSD-micro-rhe-
ology is that a more accurate modulus can be obtained using
rotational  dynamics  (MAD)  if  the  compressibility  of  the  ma-
trix  is  unknown.[10] Besides,  the  dynamics  of  tracer  is  totally
governed by  the  relaxation of  matrix  in  micro-rheology,  and
the translational motion of tracer is severely restricted in ma-
trix, especially for gels and other systems with relatively high
modulus,  which  limits  the  acquiring  of  rheological  data  at
high  frequency.  However,  rotational  motion  only  requires
matrix relaxation at small length scale, rendering its potential
at high frequency.

CONCLUSIONS

The  newly  developed  micro-rheology  method  based  on  DDLS
and  anisotropic  tracers  is  applicable  to  a  broad  range  of  fields
due  to  its  advantages,  including  fast  and  accurate  measure-
ment, wide range of frequency and the circumvention of inter-
ference from the matrix,  as  demonstrated by our  experiments.
We have shown here the crucial  factors affecting the results of
micro-rheology, such as the tracer size and the combination of
scattering angles, and the respective standard for the choice. Al-
though the passive nature of the developed technique restricts
its  application  in  experiments  of  nonlinear  effects,  the  nonde-
structive nature contributes to its utilization in experiments of in
situ  monitoring  and  delicate  biological  systems,  such  as  the
characterization of mouse plasma. Besides, the technique is easy
to set up with the combination of high-performance polarizers
and multi-angle DLS instruments which is common for soft mat-
ter researchers.  We believe that the developed method can be
helpful  to the field of  biomaterials  and soft  matter considering
its fast speed and accuracy.
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Graphical Abstract

The Monitoring of Anisotropic Tracer Nanoparticles by Depolarized Dynamic Light Scattering for
Micro-rheology with Improved Contrast and Accuracy

Bing-Hui Xue, Yuan Liu, and Pan-Chao Yin

South China University of Technology

This study develops a micro-rheology method using gold nanorods as probes monitored via depolarized dynamic light
scattering. It enables fast, accurate viscoelasticity measurements across diverse soft materials, from polymer solutions to
biological fluids.
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