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Figure 1: A typical UV-Vis measurement.

UV-Vis Spectroscopy

Shown in Figure 1, UV-Vis spectroscopy is a simple, yet
powerful, technique that uses light in the ultra-violet
and visible range to obtain chemico-physical
information of liquid samples. .The spectrum of light
transmitted by the sample can indicate the chemical
make up of the sample or simply determine its optical
properties.
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Figure 2: The Beer-Lambert Law for UV-Vis, relating
concentration to absorbance.

UV-Vis can be used for many purposes, the most
common of which is the quantification of analytes in a
sample. The Beer-Lambert Law gives a linear
relationship between peak intensity (absorbance) and
concentration of analyte. A “concentration-curve” can
be established and thus an arbitrary sample can be
assessed for analyte concentration via measuring its
absorption spectrum.

UV-Vis can also be used for checking sample
consistency, detection of contaminants, monitoring of
reaction kinetics among many other applications..The
versatility and simplicity of the technique has made it
an invaluable tool for laboratory analysis.

Extinction, Absorbance, Scattering

Despite often being called absorbance, what is actually
measured in a UV-Vis experiment is the extinction of
the sample. Optically, light can be extinguished either
through absorption (molecular bonds absorbing light)
or scattering (light scattered by the sample in many
directions) . The exintciton of the sample is then given
simply by:

Extinction = Absorption + Scattering

in the majority of cases with UV-Vis, samples are
brilliantly clear and contain no scattering component.
The absorbance is then equal to extinction, and the
Beer-Lambert Law holds.
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Figure 3: Light scattering in a UV-Vis measurement.

In a cloudy sample however (i.e. one that is hazy or
contains particulates), scattering can be significant, and
the UV-Vis technique no-longer vyields a simple
absorbance measurement. In cases with high
cloudiness, such as milk, scattering can be so large that
the absorbance of the sample is indiscernible and the
spectrum  measured contains little  chemical
information about the sample (Figure 3).

Such cloudy samples usually require extensive pre-
processing (filtering, centrifugation, extraction) before
a UV-Vis measurement can be taken.
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The CloudSpec: How it Works
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Figure 4: F;gm;}he CloudSpec uses integrating-sphere technology to overcome the effects of light scattering.

The Integrating Sphere

The CloudSpec, invented by Maramalabs, solves the
obtstacle of light-scattering from cloudy samples by
placing the sample inside a device known as an
Integrating sphere (shown above). These devices
comprise of a spherical cavity made of a highly
reflecting material, into which the sample is mounted.

Light is sent into the integrating sphere via an entrance
port in the walls of the sphere. The highly reflective
walls allow the light scattered by the sample to be
reflected many times within the cavity, finally exiting
through an exit port and sent to a detector.

Integrating spheres remove
the effects of sample turbidity
from UV-Vis measurements.
No more filtering, no more
centrifugation.

This means that the scattered light is no longer lost as
in an existing UV-Vis configurations, and the only
contribution to the reduced light intensity is from the
sample absorbance. As such, the "true-absorbance” of
a sample can be measured directly without interference
from scattering/turbidity.

The CloudSpec uses state-of-the-art, custom-designed
integrating spheres to allow high quality absoroption
spectra to be obtained on highly turbid samples.

Combined Extinction-Absorbance
Spectroscopy

The CloudSpec's unique optical design has two
pathways in which light interrogates the sample. The
first is the standard “UV-Vis" configuration that yields
the extinction spectrum of the sample, while the
second pathway uses the integrating sphere to
measure the absorption spectrum. We call this method
Combined Extinction Absorbance Spectroscopy. This
has a number of advantages:

CloudSpec can be used as a regular UV-Vis
instrument for clear liquids

Sample turbidity can be assessed directly

Scattering spectra can be computed by
subtracting absorbance from extinction.

A CloudSpec measurement, for a sample that both
scatters and absorbs light is shown below, with the
three spectra automatically generated presented. The
extinction spectrum is complicated by the presence of
scattering from the silica particles, whereas the
absorbance spectrum is scattering-free.
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Figure 5: Extinction, Absorption and Scattering spectra obtained

for a sample of dye mixed with scattering silica particles.
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Path Length Enhancement

Because the light in an integrating sphere passes Measure 53/77,0/6’5 of
through the sample many times, the effective path . .

length can be significanly longer compared to a UV- lower concentration, Wl.th
Vis measurement. In the CloudSpec, this can translate a Standard CUVEZ‘Z"E, Wlth

into an increase in path length of up to 7, so better accuracy.
effectively a 7cm cuvette is being measured. C/OUC/J/ or clear

This enhancement is shown below for a typical dye
sample measured in the CloudSpec, where the
CloudSpec absorbance signal is 3 times stronger
than the UV-Vis measurement. Samples with
absorbances as low as 0.0001A can be measured with
ease in the CloudSpec, whereas regular UV-Vis
instrumentts would struggle to accurately measure
these signals.

Path length dependence in an integrating-sphere is

a complex phenomenon and depends on a range of

factors such as sample absorbance and wavelength. Path Length = 1cm Path Length ~ 30cm
The CloudSpec calibration algorithm ensures that all

spectra obtained are normalised to path length and Figure 6: (Left) The optical path of light in a “standard"
thus are directly comparable to standard UV-Vis UV-Vis setup and (right) the path of light travelling
measurements (i.e. reported in units of cm™"). within an integrating sphere.
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Figure 7: The effect of path length enhancement on an absorption measurement,
here for a clear sample of Fosin dye.
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Figure 8: A user inserting a Tmm path-length cuvette into the CloudSpec sample holder.

Calibrated Absorbance

Due to the complex way that light interacts with a
sample inside an integrating sphere, the spectra
obtained cannot be interpreted using the standard
Beer-Lambert law approach, as seen beOlow.

Many approaches have been developed to
“calibrate” an integrating sphere device, but most
require running lengthy sets of standard
measurements.
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Figure 9: How the CloudSpec algorithm transforms the
integrating-sphere response to standard UV-Vis response.

Maramalabs have a developed a powerful
algorithm that corrects the spectra obtained so they
are normalised to a standard path length. No
lengthy empirical calibration need to be run to
obtain quantitative UV-Vis spectra, as shown above.

The CloudSpec calibration algorithm ensures that all
spectra obtained can be directly interpreted as what
would be obtained in a standard 10mm path length
cuvette. Therefore the Beer-Lambert law is revived
and concentration curves can be developed.

Features and Advantages

Feature Explanation

Integrating sphere eliminates

No Filtering
of Samples

Interchangeable
Cuvettes

Quantitative
Results

Detection down
to 0.001A

Simple to use
software

3 Spectra in
one
measurement

Customised
Applications

the effects of

scattering/turbidity.

Choose from Tmm, 2mm or
10mm depending on

application.

Calibration algorithm reports
absorbances for a 10mm

cuvette

Path length enhancement
allows ultra-low limits of

detection.

Familiar to any user of UV-Vis

Extinction, absorption and
scattering (calculated) output

automatically

Can be tailored to specific
applications or as a general-use

UV-Vis

www.maramalabs.com
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Specifications

Parameter Specifications

Wavelength Range 250nm — 800nm

Absorbance Range (10mm Cuvette) 0.005 A -2 A (Extinction Mode)
0.001 A-1A (Absorbance Mode)

Cuvette Sizes Tmm, 2mm or 10mm

Limit of Detection (Absorbance) 0.001 A [10mm]

Detector 2048 Pixel CCD

Light Source Pulsed Xenon

Sample Volume Required TmL (10 mm Cuvette)

100pL (Tmm Cuvette)

Measurement Time (Typical) 5 — 15 seconds (application dependent)

1. Instrument Housing

8. BackPanel
9. Ethernet/USB Connector

2.Cuvette Tower 10. 12V Power Connector

5. "Status"

1
7. "Measurement"
LED

3.Cuvette Tray

www.maramalabs.com
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Applications

Biological Samples

CloudSpec
Applications for UV-Vis in biological samples typically include : — Strain1
mesauring protein (280nm), DNA/RNA, and cell concentration, as i — Strain2
well as measuring reaction kinetics, metabolite production and T SN
detection of contaminants.
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However many biological samples, such as cell cultures, can have
significant turbidity due to light scattering from cells, and spinning
down of samples is often required to measure.

-

Wavelength Wavelength

As seen above, the UV-Vis spectrum of unfiltered cultures
of three different bacterial strains contain very little
spectral information because of scattering. The CloudSpec
spectra (right) reveal a wealth of peaks that differ from
strain to strain. This highlights the potential for the
CloudSpec to allow an entirely new way to measure
biological samples.

Nanoparticle Characterisation

UV-Vis is a common tool for measuring the optical spectra
of nanoparticles, as it can give important information on
particle size, concentration and batch consistency. UV-Vis
is limited however because only the extinction of the
particles is measured.

With the CloudSpec, extinction, absorption and scattering
spectra of nanoparticles can be measured directly, yielding
signifincantly more information about the sample.
Quantifying scattering and absorbance can be important
for both size characterisation and engineering of particles
for specific applications.

As seen on the left, gold nanoparticles of increasing size,

measured in the CloudSpec exhibit varying degrees of

i - i - : . : scattering and absorbance, which cannot be measured in
wm-olmm; nm] ' : wavelength [nm] ’ : wm‘olr\ugﬂ‘\ nm] h UV'VlS

Insoluble Materials

Many materials are non-soluble in convenient solvents and tend ¥l ——UV-Vis — CloudSpec
to form particles or aggregates in solution. The particles can be
strongly scattering and may also settle. Insoluble materials cannot
therefore be studied using standard UV-Vis analysis.

Metal organic frameworks (MOFs) are such an example (shown
right). When measured in UV-Vis, spectra are broad and contain
little information due to scattering, whereas the CloudSpec spectra
have detailed features, here corresponding to a band-edge of the
MOF material.

Many interesting applications will be possible for optical
characterisation of such difficult samples using the CloudSpec.
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Get measuring today.

The CloudSpec represents an entirely new way to
think about UV-Vis.

Not only does measuring absorbance in the
presence of turbidity bring obvious time-saving Contact Us
and practical advantages for many sample types,
but the added feature of measuring absorption
scattering and extinction simultaneously may
yield an entirely new way to characterise complex Victoria University of Wellington,
liquids. Wellington 6012

New Zealand.
0064-220864215

www.maramalabs.com

School of Chemical and Physical Sciences,

The applications shown here are just a few
examples of where this new technique can be
employed. There are many more exciting ideas
that the CloudSpec enables, and many that have
yet to be explored.

Get in touch with Maramalabs to begin
improving the way you measure your samples.

www.maramalabs.com
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