
 
 

 

 
 

Measurement of refractive index of powder by prism coupler

Chen, Feng; Xu, Qing; Zhang, Pei; Zhang, Zi-Bo; Wong, Wing-Han; Pun, Edwin Yue-Bun;
Zhang, De-Long

Published in:
Review of Scientific Instruments

Published: 01/09/2019

Document Version:
Final Published version, also known as Publisher’s PDF, Publisher’s Final version or Version of Record

Publication record in CityU Scholars:
Go to record

Published version (DOI):
10.1063/1.5110886

Publication details:
Chen, F., Xu, Q., Zhang, P., Zhang, Z-B., Wong, W-H., Pun, E. Y-B., & Zhang, D-L. (2019). Measurement of
refractive index of powder by prism coupler. Review of Scientific Instruments, 90(9), [096101].
https://doi.org/10.1063/1.5110886

Citing this paper
Please note that where the full-text provided on CityU Scholars is the Post-print version (also known as Accepted Author
Manuscript, Peer-reviewed or Author Final version), it may differ from the Final Published version. When citing, ensure that
you check and use the publisher's definitive version for pagination and other details.

General rights
Copyright for the publications made accessible via the CityU Scholars portal is retained by the author(s) and/or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal
requirements associated with these rights. Users may not further distribute the material or use it for any profit-making activity
or commercial gain.
Publisher permission
Permission for previously published items are in accordance with publisher's copyright policies sourced from the SHERPA
RoMEO database. Links to full text versions (either Published or Post-print) are only available if corresponding publishers
allow open access.

Take down policy
Contact lbscholars@cityu.edu.hk if you believe that this document breaches copyright and provide us with details. We will
remove access to the work immediately and investigate your claim.

Download date: 24/05/2023

https://scholars.cityu.edu.hk/en/publications/measurement-of-refractive-index-of-powder-by-prism-coupler(31074ea3-7360-4cb6-869a-0beec7e7e2d7).html
https://doi.org/10.1063/1.5110886
https://scholars.cityu.edu.hk/en/persons/yue-bun-edwin-pun(a5570123-2f70-41a1-8caa-d768bd703d25).html
https://scholars.cityu.edu.hk/en/publications/measurement-of-refractive-index-of-powder-by-prism-coupler(31074ea3-7360-4cb6-869a-0beec7e7e2d7).html
https://scholars.cityu.edu.hk/en/publications/measurement-of-refractive-index-of-powder-by-prism-coupler(31074ea3-7360-4cb6-869a-0beec7e7e2d7).html
https://scholars.cityu.edu.hk/en/journals/review-of-scientific-instruments(9d3ecc68-c51f-4cf7-ad22-e17e850d478b)/publications.html
https://doi.org/10.1063/1.5110886


Rev. Sci. Instrum. 90, 096101 (2019); https://doi.org/10.1063/1.5110886 90, 096101

© 2019 Author(s).

Measurement of refractive index of powder
by prism coupler
Cite as: Rev. Sci. Instrum. 90, 096101 (2019); https://doi.org/10.1063/1.5110886
Submitted: 21 May 2019 • Accepted: 14 August 2019 • Published Online: 03 September 2019

Feng Chen, Qing Xu, Pei Zhang, et al.

ARTICLES YOU MAY BE INTERESTED IN

Refractive index measurement by prism autocollimation
American Journal of Physics 82, 214 (2014); https://doi.org/10.1119/1.4834396

Simple prism coupling technique to measure the refractive index of a liquid and its
variation with temperature
Review of Scientific Instruments 61, 1010 (1990); https://doi.org/10.1063/1.1141468

Refractive-index determination of solids from first- and second-order critical diffraction
angles of periodic surface patterns
AIP Advances 5, 087135 (2015); https://doi.org/10.1063/1.4928654

https://images.scitation.org/redirect.spark?MID=176720&plid=1977703&setID=375687&channelID=0&CID=725169&banID=520884872&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=9bb6cf584c867752ed7b43fc4cc2c84ab7cc25e2&location=
https://doi.org/10.1063/1.5110886
https://doi.org/10.1063/1.5110886
https://aip.scitation.org/author/Chen%2C+Feng
https://aip.scitation.org/author/Xu%2C+Qing
https://aip.scitation.org/author/Zhang%2C+Pei
https://doi.org/10.1063/1.5110886
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.5110886
http://crossmark.crossref.org/dialog/?doi=10.1063%2F1.5110886&domain=aip.scitation.org&date_stamp=2019-09-03
https://aip.scitation.org/doi/10.1119/1.4834396
https://doi.org/10.1119/1.4834396
https://aip.scitation.org/doi/10.1063/1.1141468
https://aip.scitation.org/doi/10.1063/1.1141468
https://doi.org/10.1063/1.1141468
https://aip.scitation.org/doi/10.1063/1.4928654
https://aip.scitation.org/doi/10.1063/1.4928654
https://doi.org/10.1063/1.4928654


Review of
Scientific Instruments NOTE scitation.org/journal/rsi

Measurement of refractive index of powder
by prism coupler

Cite as: Rev. Sci. Instrum. 90, 096101 (2019); doi: 10.1063/1.5110886
Submitted: 21 May 2019 • Accepted: 14 August 2019 •
Published Online: 3 September 2019

Feng Chen,1,a) Qing Xu,1,a) Pei Zhang,1,a) Zi-Bo Zhang,2 Wing-Han Wong,3 Edwin Yue-Bun Pun,3
and De-Long Zhang1,b)

AFFILIATIONS
1Department of Opto-electronics and Information Engineering, School of Precision Instruments and Opto-electronics
Engineering, Tianjin University, Tianjin 300072, China and Key Laboratory of Optoelectronic Information Technology
(Ministry of Education), Tianjin University, Tianjin, 300072, China

2Department of Engineering, Sorbonne University (Pierre and Marie Curie University), 4 Place Jussieu 75005 Paris, France
3Department of Electronic Engineering, and State Key Laboratory of Terahertz and Millimeter Waves, City University
of Hong Kong, Hong Kong, China

a)Contributions: F. Chen, Q. Xu, and P. Zhang contributed equally to this work.
b)Author to whom correspondence should be addressed: dlzhang@tju.edu.cn

ABSTRACT
Refractive index of optical material of powder is measured not as easily as a bulk material. Here, the prism coupling technique in combination
with the immersion method is proposed to measure the refractive index of an optical material of powder. First, the powder material to be
measured was dispersed in α-bromonaphthalene (C10H7Br) liquid to form a suspension mixture. The refractive index of the mixture, together
with that of pure C10H7Br, was then measured at the wavelengths of 632.8, 1311, and 1553 nm using a commercial prism coupler. From the
measured index values of pure C10H7Br and powder-dispersed mixture, the refractive index of the powder material was obtained on the basis
of the Maxwell-Garnett model. Microcrystal powder from a LiNbO3 single-crystal, which has the known refractive index values, has been
exemplified to demonstrate the method. The results show that the method is feasible with an accuracy of ±0.05.
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Refractive index is an important parameter of an optical mate-
rial. For the bulk optical materials, such as various optical glasses,
crystals, and films, their refractive indices can be measured by many
techniques. For a powder material, however, the measurement is
not so easy because of small particle size, poor transparency, as
well as the effects of diffuse reflection and scattering. How to sim-
ply, fast, and accurately measure the refractive index of a pow-
der material has been a problem. Over the past years, researchers
have made much effort on solving the problem and some meth-
ods have been proposed.1–4 These methods proposed to measure
the refractive index by dispersing powder material to be measured
into a liquid to form a suspension mixture (immersion method).
With the known refractive indices of both the suspension mix-
ture and the liquid without the powder material dispersed, one
can obtain the refractive index of the powder material on the basis
of the Maxwell-Garnett model.1,5,6 In these methods, the refrac-
tive index measurement is mainly based on the total reflection

principle and was accomplished by using a refractometer.4,5,7–10

Besides the total reflection principle, Mie scattering technique was
also reported.3

In this note, we propose to use a commercial prism coupler
to measure the refractive index of an optical material of powder.
First, the powder material to be measured was dispersed in α-
bromonaphthalene (C10H7Br) liquid to form a suspension mixture.
Second, the refractive index of the liquid mixture was measured by
using a prism coupler, together with that of the pure C10H7Br liquid.
From the measured refractive index values of the pure C10H7Br and
powder-dispersed mixture, the refractive index of the powder mate-
rial was obtained on the basis of the Maxwell-Garnett model.1,5,6 To
demonstrate the feasibility of the method, microcrystal powder from
a congruent LiNbO3 single-crystal, which has the known refractive
index values, has been exemplified here. The results show that the
method is not only feasible but also simple and fast with an accuracy
of 0.05.
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FIG. 1. Working principle of the prism coupler.

Figure 1 shows the working principle of a commercial Metri-
con 2010 prism coupler11 used for refractive index measurement.
One surface of the bulk material sample to be measured is opti-
cally contacted with the bottom surface of the prism, which has a
refractive index np = 1.9648 at 632.8 nm. The other sample surface
is withstood by a pneumatic coupling head. The contact between the
sample and the prism can be adjusted by changing the pressure of
the coupling head. A laser light (with a wavelength of 632.8, 1311, or
1553 nm) is incident onto the interface of the prism and the sample
to be measured. The reflection and/or refraction takes place at the
interface. The reflected light beam is detected by using a photodetec-
tor after refraction into air. The reflected light intensity is measured
as a function of the incident angle inside the prism θi. When the
incident angle is larger than the critical angle θc, the incident beam
is totally reflected, resulting in a constant output of the detector, as
shown in Fig. 2. When θi < θc, large part of light refracts and leaks
into the sample. As a result, the detector output drops abruptly and
a knee appears on the pattern, as shown in Fig. 2. The knee corre-
sponds to the critical angle θc, from which the refractive index of the
sample can be determined according to the law of total reflection θc
= arcsin(ns/np), where ns is the refractive index of the sample to be
measured. A program equipped with the prism coupler system auto-
matically searches the knee location by choosing the point with the

FIG. 2. Intensity of 632.8 nm light (reflected from the prism) measured as a function
of the incident angle inside the prism for pure C10H7Br (black), C10H7Br + LiNbO3
suspension liquid mixture (red), and plastic film (blue).

greatest slope change. The Metrical 2010 prism coupler has a normal
refractive index accuracy of ±5 × 10−4.

The measurement of bulk solid materials, such as crystals,
glasses, and films, can be easily achieved by using the prism cou-
pler. For a liquid material, however, the measurement cannot be
realized so easily because of the spatial orientation of the prism.
Figure 1 shows the top view of the structure of the coupler. Such
a mounting orientation is not convenient for the liquid measure-
ment. Here, the refractive index measurement of a liquid was accom-
plished by dropping it onto a plastic film. Microcrystal powder from
a congruent LiNbO3 single-crystal, which has the known refractive
index values,12 has been exemplified to demonstrate the feasibility
of the method. The LiNbO3 powder to be measured was dispersed
in the C10H7Br liquid to form a suspension mixture. The size of
the suspended LiNbO3 particles in the mixture was roughly eval-
uated as <8 μm by utilizing the Archimedes’s law and by consid-
ering the viscosity of C10H7Br, which has a viscosity coefficient of
1.98 × 10−4 Pa⋅s.

It is no doubt that those LiNbO3 grains with a size >8 μm can-
not suspend in the C10H7Br according to Archimedes’s law and pre-
cipitate to the bottom of the container. Weighing of the suspension
mixture and the precipitates gives the net weight of LiNbO3 grains
suspended in the liquid. Based on the weights of the suspension mix-
ture and the LiNbO3 grains in the suspension, and the densities of
the C10H7Br (1.48 g/cm3) and LiNbO3 (4.65 g/cm3), the volume-
filling factor of the LiNbO3 powder in the suspension mixture was
evaluated as (3.00 ± 0.03)%.

By dropping the liquid onto a plastic film, the refractive index of
the pure C10H7Br (nbn) or LiNbO3-powder-dispersed C10H7Br sus-
pension mixture was measured at three wavelengths 632.8, 1311, and
1553 nm at 20 ○C. As a representative, in Fig. 2, we show the relative
intensity of the reflected light (λ = 632.8 nm) measured as a function
of the incident angle inside the prism for a pure C10H7Br (black) and
C10H7Br + LiNbO3 suspension mixture (red). From the location of
the knee, the system reads the θc, calculates, and marks the refrac-
tive index. The results are brought together in Table I. The refractive
index of the pure C10H7Br (nbn) is 1.6255, 1.6020, and 1.6000 at
the wavelength of 632.8, 1311, and 1553 nm, respectively, and that
of the C10H7Br + LiNbO3 suspension mixture (nbn+ln) is 1.6429,
1.6184, and 1.6162 at the wavelength of 632.8, 1311, and 1553 nm,
respectively.

With known index values of the pure C10H7Br (nbn) and
C10H7Br + LiNbO3 suspension mixture (nbn+ln), the refractive index

TABLE I. Measured or calculated refractive indices of pure C10H7Br (nbn), C10H7Br
+ LiNbO3 suspension liquid mixture (nbn+ln), and pure LiNbO3 (nln

exp or nln
cal). Also

shown is the deviation of the experimentally obtained refractive index value of pure
LiNbO3 from the standard values.

ni or Δn 632.8 (nm) 1311 (nm) 1553 (nm)

nbn 1.6255 1.6020 1.6000
nbn+ln 1.6429 1.6184 1.6162
nln

exp 2.2606 2.1974 2.1874
nln

cal 2.2595 2.1961 2.1876
Δn 1.1 × 10−3 1.3 × 10−3 −2 × 10−4
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of LiNbO3 powder nln
exp can be evaluated according to the Maxwell-

Garnett model,1,5,6 given by

( y
a
)

2
= 1 +

3(x2 − a2)
fν(x2 + 2a2) − (x2 − a2) , (1)

where x = nbn+ln, a = nbn, y = nln
exp, and fv is the volume fraction of

the LiNbO3 powder in the C10H7Br + LiNbO3 mixture. The model
holds for 0 < fv < 30%,1,5,6 and this is true for our case fv = 3%. It is
clear from Eq. (1) that, in principle, a lower refractive index (y < a)
is obtained when x < a. To get a higher index (y > a), it requires
x > a and fv > (x2 − a2)/(x2 + 2a2). Equation (1) also gives a hint that
the accuracies of both the fv and the index measurement should be
high and match with each other as soon as possible. This is true for
our case: both accuracies of fv (=3 × 10−4) and index measurement
(5 × 10−4) are high enough and match essentially with each other.

The evaluated nln
exp value is collected in Table I. Based on the

accuracies of fv (3 × 10−4) and index measurement (5 × 10−4), we
have evaluated the uncertainty of nln

exp as ±0.047.
On the other hand, the refractive index of the LiNbO3 pow-

der can be calculated according to the Sellmeier equation previously
reported for a congruent LiNbO3 single-crystal.12 Note that for the
LiNbO3 powder, the effective refractive index, named nln

cal, should
be considered and calculated according to nln

cal = (2no + ne)/3.13

The calculated results are also comparatively given in Table I. One
can see that nln

exp and nln
cal have a maximum difference of 1.3 ×

10−3, and the difference is within the uncertainty of nln
exp. In other

words, the measured data can be regarded as the same as the calcu-
lated data within the uncertainty of ±0.05, confirming the feasibility
of the measurement method. Such an accuracy can fulfill the demand
for the Judd-Ofelt spectroscopic analysis of rare-earth-doped phos-
phor of powder, which gives necessary spectroscopic data for various
applications.

There is an issue to be clarified. It is the possible influence of
the plastic film (∼0.7 mm in thickness) on the result. For reference,
refractive index measurement was also carried out on the plastic film
itself. The measurement gave an index value of 1.5800, 1.5643, and
1.5635 at the wavelength of 632.8, 1311, and 1553 nm, respectively.
For comparison, Fig. 2 also shows the pattern measured from the
plastic film (blue pattern). In case that the measurement was carried
out on the plastic film without a liquid drop, the refractive index
of the plastic film was measured. In case that the measurement was
carried out on the plastic film with a C10H7Br liquid drop, the mea-
sured refractive index is that of the C10H7Br. This is clearly shown
by the black pattern in Fig. 2, where only the knee concerning with
the C10H7Br can be observed while that concerning with the plastic
film, which corresponds to a refractive index value of 1.5800, cannot
be resolved at all. This implies that the refractive index measured
is indeed the value at the sample surface because the total reflec-
tion takes place there. Thus, the influence of the plastic film on the

measurement result is minor, and the experimental results are reli-
able and convincing.

Finally, it is worthwhile to point out that all of the refractive
index measurements described above were carried out under the
TE polarization. To examine the polarization effect, we have also
done the measurements under the TM polarization. A comparison
of measurement results shows that both values of nbn and nbn+ln from
the TM measurements can be regarded as the same as those from
the TE measurements within the error ±5 × 10−4. This is because
the C10H7Br liquid is isotropic, and the LiNbO3 + C10H7Br mix-
ture, which only has a filling factor 3%, can be regarded as isotropic
too. It is thus reasonable that their index measurements show little
polarization effect.

In words, we have demonstrated a method used for refractive
index measurement of an optical material of powder. It is proposed
on the basis of the immersion method and prism coupling tech-
nique. The feasibility of the method is demonstrated by exemplifying
the C10H7Br + LiNbO3 suspension mixture. The results show that
the plastic film has a little influence on the result, the experimental
results are reliable and convincing, and the method is feasible with
an accuracy of ±0.05.

This work was supported by the National Natural Science
Foundation of China under Project Nos. 61875148, 61628501,
61377060, 61077039, and 50872089 and by the Tianjin Sci-
ence and Technology Commission of China under Project No.
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