Technical note

ARAGOTM Refractometer
“A Breakthrough in refractive index measurement.”

Pushing refractive index measurements beyond the limits
Abstract
This note aims to give a technical overview on the unique ARAGO
refractometer, its innovative measurement principle and capabilities,
and its differentiating characteristics over historical Abbe solutions.
Thus, after a brief introduction to refractive index definition, we present
some basics about refractive index measurement, in particular about
Abbe refractometers for comparison purpose. We then introduce the
innovative concept of the ARAGO refractometer and highlight its
capabilities through some measurement examples.
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Introduction
I. State of the art on refractive
index measurements
I-a.
Conventional
Abbe
refractometers

First let us recall the definition of
refractive index (RI): strictly speaking,
the refractive index of a homogeneous
and isotropic medium is a dimensionless
number1 defined by the ratio of the
light speed in vacuum C and the light
speed in the medium itself V [1] :
n=C/V

(1)

For example, the refractive index of
water is 1.33, meaning that light travels
1.33 times as fast in vacuum as it does in
water. When light interacts with matter,
it can be absorbed, reflected, refracted,
scattered, retarded, dispersed, etc. All
these effects depend on the refractive
index n; basically n gives the amount
of refraction which takes place for light
passing from one medium to another.
The refractive index of a medium is an
important property for optical systems
like lenses, prisms, etc. It is also a
fundamental physical property which
depends on several characteristics
of the medium: its temperature and
surrounding pressure, the medium
composition, the light wavelength.
That is why n is often used to identify a
particular substance, confirm its purity,
or measure its concentration.
1
Refractive index is often express in
RIU which stands for Refractive Index Unit.
For basic comprehensive information about
refractive index see also : http://en.wikipedia.
org/wiki/Refractive_index

Figure 1 : light propagation at the interface
between two medium with different refractive
index (middle); visual illustration of the effect
of water refractive index on light propagation
(bottom right)

Refractive index is used to characterize
solids (glasses and transparent media),
and liquids. Most commonly it is used
to measure the concentration of a
solute in a liquid solvent. For example,
the refractive index can be used to
determine the sugar content in grape
juice for wine making2. Refractive index
measurements are also commonly
used in chemical laboratories for
identification of substances, for quality
and process control in chemical and
pharmaceutical industry. Refractive
index measurement of liquid is also
necessary in many other applications
like laser granulometer with diffraction,
static and dynamic light scattering set
up.
2
The saccharose content of a
aqueous solution is defined by the BRIX scale.

The refractive index of liquids or solids
is commonly measured with optical
refractometers. These instruments
typically rely on the measurements of
some angle of refraction or the critical
angle for total internal reflection.
Indeed, refraction of light at the
interface of two homogeneous and
isotropic media of refractive index n1
and n2 respectively, is described by the
Snell-Descartes law [2, 3]:
n1 sin (θ1) = n2 sin (θ2)

(2)

where θ1 (resp θ2) is the incidence (resp
transmitted/refracted) angle (see figure
1).

As Isaac Newton demonstrated it for the
first time, when n1 > n2, there is a specific
incidence angle θc called “critical angle”
for which θ2 = 90° (see figure 2 below).

1

In this situation there is no more transmitted light and the
incident light is totally reflected at the interface with an angle
equal to the incident angle θc.
sin (θc)=n2/n1

(3)

So if one knows n1 (refractive index of the cell prism), and if one
measures θc then one can deduce n2 the refractive index of the
medium (sample) to be measured. Note that the situation of
total reflection described by (3) can only happen if n1 > n2.
The first laboratory refractometers developed by Ernst Abbe
in the late 19th century [4] worked on this former principle
which is still used in almost all optical refractometers available
commercially today.
Nevertheless, in recent digital optical refractometers, the
telescope objective with its reticule and the operator’s eye
have been replaced by a linear CCD photodetector. The critical
angle is then measured by the detection of total reflection of
light on the photodetector located in the focal plane of a lens.

Figure 2 : schematic principle of modern Abbe refractometers

I-b. Advantages and limitations of Digital Abbe
refractometers
First Abbe refractometers were manual instruments, without
temperature stabilization (which requires temperature
compensation), with difficult sample handling and cleaning.
Also the accuracy was limited to 3 digits. Today, modern digital
Abbe refractometers have a compact and robust design with
automatic measurement capabilities, peltier temperature
controlled cell with a temperature setting accuracy <0.1 °C.
Measurement range and accuracy: the measurement
range can be somehow limited depending on the specified
accuracy; indeed because of the limited number of pixel on
the photodetector, there is a trade off between measurement
range and measurement accuracy: the better the accuracy, the
narrower the measurement range. The upper measurement
limit is also set by the glass prism refractive index (see (3)), so in
order to be able to measure refractive index up to 1.7 RIU, one
needs to use expensive synthetic Sapphire prism. Also the
lower limit is usually around 1.3 RIU. So today, conventional

digital Abbe refractometers operate in the range 1.3 to 1.53
RIU, and 1.3 to 1.7 RIU for premium grade, with a claimed
accuracy as good as 4.10-5 RIU.

I-c. Other limitations with Abbe refractometers
The first one is the difficulty of measuring dark and absorbing
samples: indeed, in the total reflection condition, the incident
light still penetrates into the sample in the form of an
evanescent wave before being totally reflected in the vicinity
of the interface. When the sample is absorbing1, this leads to an
energy loss of the reflected beam due to absorption into the
sample. Thus, poor signal to noise ratio leads to a degraded
accuracy and poor reproducibility ( > 10-3 RIU).
Secondly, because of their principle Abbe refractometers
only give access to the real part of the refractive index. No
information is given about the imaginary part in case of
measurement on very absorbing liquids.

II. ARAGOTM refractometer

“Pushing refractive index measurement beyond
the limits”
Origin and concept: The ARAGO refractometer is based on an
innovative concept developed and patented by the French
Institute of Petroleum (IFP) in the course of its work on advanced
petroleum applications. Indeed, because conventional
techniques failed to fulfil their needs, new characterization
techniques were required in particular for refractive index
and particle size analysis in dark and/or concentrated liquids.
Thus for refractive index measurement they came up with an
original concept based on the measurement of the reflection
of light intensity at the interface between a transparent glass
medium (cell) and a liquid medium (sample).

II-a. Back to basics on the Fresnel laws
Basics on Light reflection theory : during its propagation,
when light meets an interface between two homogeneous
and isotropic media with two different refractive index n1 and
n2, a part of the light is transmitted into the second medium
with a refracted angle θ2 whereas another part of the light is
reflected back into the incoming medium with a reflection
angle θ1 identical to the incoming angle (see figure 1). θ1 and
θ2 are related by the Snell Descartes law (see equation 2).
The intensity of the reflected and transmitted light beams are
dependent on the angle of incidence and of the polarisation
state of the incoming light. These intensity reflection
coefficients for the two polarisation states are well described
by Fresnel equations [2,3] . Thus one can define a reflection
coefficient for the two polarization states of the light, namely
Rs (resp Rp) for sagital (resp parallel) polarisation.
1

Paint, ink, pigment, etc.
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stabilized laser diode emitting at 656 nm2. The bottom of the
sample cell is made with an equilateral right angle glass prism
(fused silica or BK7). The collimated laser beam is sent at quasinormal incidence through the entrance (ie, vertical) face of
the prism. A portion Rb of the incident intensity is reflected
back and monitored as a reference intensity Ib on a reference
photodiode; The transmitted light is totally reflected upward
by the back facet of the prism and a portion of it is reflected
backward at the interface between the upper face of the prism
(n1) and the liquid sample to be measured (n2). This reflected
portion Ra of signal intensity Ia is monitored on a signal
photodiode . One can then calculate the ratio of these two
intensities Ia / Ib which is directly proportional to the intensity
reflection coefficient R at sample interface. n1 being known
and R being measured with a high accuracy, from (6) one can
deduce the sample RI n2.

II-b. Key benefits from ARAGO configuration
Figure 3 : Fresnel reflection coefficient vs. angle of incidence

In the particular case of normal or quasi –normal incidence (ie,
θ1≈θ2≈0°) , equations (4) and (5) lead to :
(6)
From (6) one can see that if we manage to measure the
intensity reflection coefficient R and if n1 (cell prism RI) is
known with good accuracy1, then it is pretty easy to determine
n2 (sample RI). This is the physical principle on which the
ARAGOTM refractometer is based on. The experimental set up
is presented schematically in figure 4 below.

As presented above, one can notice a key difference
between the ARAGO and conventional Abbe refractometers:
ARAGO measurement principle is based on light reflection
measurement compared to Abbe refractometers based
on critical incidence angle measurement. This confers to
ARAGO some key benefits:
Extended measurement range : since ARAGO
doesn’t operate in the total reflection condition, the upper
measurement value is no longer limited by the cell prism itself;
consequently, measurement beyond 1.7 RIU are possible. It
is important to notice also that ARAGO uses a single silicon
photodetector instead a linear array of photodetector (CCD). So,
because of this feature, ARAGO sensitivity and measurement
dynamic is not limited by spatial and dimensional constraints
like the size and number of pixel of the photodetector. Indeed
the dynamic and sensitivity are only related to the amplitude
and linearity dynamic of the photodiode, which is very good
for a unpolarized silicon photodiode. This explains why it is
possible to measure refractive index as low as 1.20 RIU (air
refractive index) and up to 3.10 RIU and even higher, which
is the broadest measurement range in the market, without
scarifying sensitivity and accuracy.
Measurement of non transparent/dark liquids :
contrary to the case of Abbe refractometers, with ARAGO
refractometers there is no evanescent field in the sample
because the incoming laser light is far from total reflection
incidence. As a consequence, ARAGO is not sensitive to
absorption in the sample contrary to Abbe refractometers.

Figure 4 : schematic principle of ARAGO refractometer

The light source is a fiber pigtailed collimated and temperature
1
At 25°C and for λlaser =656 nm, n1=1.514 for a BK7 glass prism
and n1=1.456 for a fused silica glass prism.

These two major benefits are illustrated on figure 5 which
shows comparative experimental results between ARAGO and
Abbe refractometers.
2
Reference wavelength of the C line of hydrogen. Other
wavelength available on demand.
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Figure 5 : illustration of ARAGO measurement capabilities over conventional Abbe refractometers; Extended measurement range (left) and
measurement of dark liquids (right)

One can clearly see (fig. 5-left) the superior measurement
range of ARAGO over Abbe with RI measurement examples of
Gem oil (1.82 RIU) or fluorinated liquids (1.26 RIU). Similarly (fig.
5-right) one can notice that measurement of black ink is pretty
reproducible with ARAGO whereas with Abbe refractometers
reproducibility and accuracy is very poor with random
fluctuation of up to 0.02 RIU (100 times worse than specified
accuracy) which is unacceptable in many applications.
Measuring low refractive index liquid can be very useful
in applications such as pharmacopeia where liquids like
Enflurane, Sevoflurane and similar halogenated ether are
used extensively for induction and maintenance of general
anaesthesia. Similarly, in many demanding optical application

like intense laser experiments, measuring refractive index above
1.7 RIU is often requested for index matching or absorbing oil
or liquids. Regarding dark/black liquids measurement, this is
a real benefit in applications like petroleum and oil chemistry,
ink and paint synthesis, food industry, etc.
Finally, one should point out that like modern digital Abbe
refractometers, ARAGO has compact and robust design
with automatic single or multiple measurement capabilities,
Peltier temperature controlled cell with a temperature setting
accuracy of +/-0.05 °C, refractive index vs temperature
tracking , and an advance software user interface (see figure 6).

Figure 6 : ARAGO software - intuitive user interface overview on a touch screen display
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Parameter

Conventional Abbe Refractometers

ARAGO Refractometer

Light source

LED 589,3 nm

Temp. stabilized laser diode 656 nm
(C line of hydrogen)

Measurement range

1.3 to 1.7 RIU

1.2 to 3.1 RIU

Measurement on dark sample

poor

Yes

RI temperature tracking

No

RI Accuracy

5.10 to 1.10 RIU

1.10 to 1.10-5 RIU

RI sensititvity

10-5 RIU

10-5 to 10-6 RIU

-4

Yes
-5

-4

Table 1 : ARAGO vs Abbe comparison summary

Conclusion
With its unique optical design based on Fresnel reflection coefficient measurement, ARAGO is the only refractometer on the
market with an unequaled refractive index measurement range and unprecedented capability to measure dark and black liquids.
This makes ARAGO a very versatile and easy to use refractometer perfectly dedicated to conventional and the most demanding
applications in research and industry.

Contact :
sales@cordouan-tech.com
service@cordouan-tech.com
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ARAGO
Refractometers

∞

ARAGO ε

ARAGO ω

1.25 to 1.51 or 1.51 to 1.75

1.20 to 1.75

1.20 to 3.10

Resolution (nD)

±0,00001

±0,00001

±0,000001

Accuracy (nD) (1)

±0,0001

±0,00005

±0,00001

Ambient T°

15 to 65

15 to 80

BK7 (2)

Silica (2)

Sapphire (2)

635 nm (3)

658 nm (3) (5)

658 nm (3) (5)

Stainless steel (4)

Stainless steel (4)

Stainless steel (4)

Te c h n i c a l
Range (nD)

Temperature controlled by Peltier (°C)

ARAGO

Component
Prism (Standard)
Operating wavelength (Standard)
Cell material
Operator consol

Touchscreen PC

Software

(6)

or user personal computer

Setup and operation in English or French

Light source (5)

Laser Diode ( > 25 000 H) temperature stabilized with built-in Peltier system (5)

Size (cm)

10 x 24 x 27

Weight (kg)

8

Interfaces

USB Port for bidirectional communication with PC

Power requirements

100-240 VAC - 50/60 Hz - min: 10 W, max: 50 W depending on sample and ambient T°C

Options
Temperature control (15-65°C)

-

High Temperature control (10-100°C)

-

High precision (± 0,00001 nD)

-

Software FDA 21 Part 11 Compliance

-

NIST traceable calibration liquids

2 points

Touchscreen PC

Included

3 points

3 to 5 points

(6)

F e a t u r e s & b e n e fi t s
The innovative ARAGO
products line was created to
cover the broadest range of
application from the basic ones to the
most advanced. This patented technology
based on Fresnel principle comes from
the collaboration of the French Institut of
Petroleum, IFP, with Cordouan Technology
and is especially dedicated to measure high
refractive index samples in dark solutions.

Fits with basics needs

• Fast screening
• Routine applications
• Standards applications
• Ambient temperature measurement

(1): valid at refractometric standard conditions T= 20°C, λ = 658 nm, ambient temperature = 20-25°C
(2): Others special prisms are available for specifics applications (silica, BK7, sapphire…)
(3): optional wavelengths : 405 nm - 406 nm - 473 nm - 488 nm Ar/Ion - 589 nm Na-D - 635 nm 643 nm Cd-C – 656 nm H - 670 nm - 685 nm - 705 nm - 785 nm - 808 nm - 830 nm…and others
on request
(4): Stainless steel as standard. HastelloyTM available in option for specific applications

Calibration Kit available
For the best accuracy & reliability

Ready for any job

Measures when others fail

• Scientific - Research Laboratories
• Industries quality control
• High accuracy
• Temperature control
• Most popular model

• Advanced applications
• High resolution
• High RI measurement for
research & industrial research
• Beyond Abbe measurement range
• Extremes conditions and
complex samples

(5): Available as standard for ARAGO ∞ and on demand for ARAGO ω
(6): The Arago’s software (“Arise©”) can be installed on the user PC. However Cordouan Tech.
strongly recommends using the touchscreen PC, available in option, which has been chosen for its
convenience.
Minimal configuration requires: Windows XP or Seven, processor 32 or 64 bits, 1 USB port, RAM 1 GB,
Screen resolution 15’ - 1366*768 pixels

Touch me!
Experience the improved functionality
with intuitive touchscreen

Contact sales :
sales@cordouan-tech.com

11, avenue de Canteranne
33600 Pessac – France
Tel + 33 (0)556 158 045
Fax +33(0) 547 747 491

www.cordouan-tech.com
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Common characteristics
0-95% / Resolution ± 0.002 % / Accuracy & Reproducibility ± 0.01%
Brix Scale (Arago ω)

