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Introduction
Ligar is a developer and manufacturer 
of world-first commercial purification 
systems which isolate specific mole-
cules using MIPs. 

Targets for the system range from high 
value molecules to contaminants that 
may only be present at the part-per-bil-
lion level. 

Proudly head quartered in Hamilton, 
New Zealand, Ligar has built up an ex-
pert team which partners with compa-
nies globally to develop systems which 
solve problems that existing technolo-
gies do not address. 

Design and development of Molecularly 
Imprinted Polymers (MIPS)

Use of MIPs for the extraction of 
specific molecules at commercial scale 

Manufacture of MIPs at lab, pilot and 
bulk scale

Design, development, commissioning 
of extraction / purification systems

A 1mm MIP 
bead magnified

Molecularly Imprinted Polymer reactor
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What are MIPs?
Molecularly Imprinted Polymers (MIPs) are ‘smart’ materials 
that have the ability to selectively capture and remove spe-
cific molecules or groups of molecules from fluids.

Ligar makes MIPs in large volumes so that they can be used 
at a commercial scale.  This is unusual for MIPs which are 
typically used within very low volume applications in analyti-
cal chemistry or pharmaceutical production.  

Each MIP is unique, being designed, developed and custom-
ised to deliver optimal performance in the specific environ-
ment the MIP systems will operate in. Ligar’s focus is on two 
broad areas: the recovery of high value molecules and the 
removal of contaminants. 

Ligar’s MIP beads capture specific molecules or groups of molecules from liquids 
and can be used to isolate high value compounds or remove contaminants

A 1mm MIP 
bead magnified
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How MIPs work

A simple chemical process 
is used to release the mole-
cule from the MIP cavity.  This 
involves pumping a different 
liquid - an eluent - through the 
MIPs.  Once molecules are re-
leased, MIPs can be re-used. 

Polymers are created using a 
template molecule as one of the 
ingredients. These are then re-
moved, leaving nano-scale cavi-
ties that are shaped and aligned 
with the target molecule. 

When the target molecules are 
brought into contact with the 
MIP they fit perfectly in the 
cavity and are captured. Capture 
is typically instant on contact 
and processes are optimised to 
maximise contact.

MIP bead magnified x 1,000,000

Template Capture Release



Release and recovery

MIP systems and their standard operating pro-
ceedures (SOPs) are developed with ease of use 
in mind.  Part of this is the choice of liquids to be 
used to rinse the MIP columns and elute (release) 
the target molecules.

These liquids need to perform their functions ef-
ficiently with as little liquid used as possible; they 
typically need to be low cost; they need to be safe 
and easy to handle; they need to be permitted to 
be used within the processing site; and they need 
to adhere to the regulations relating to the end 
product.

In many applications ethanol is a perfect eluent.  
At different concentrations, ethanol can rinse and 
release (via a change in polarity); it is readily avail-

able at low cost, it can be removed easily from the 
extracts; and it can be recovered and reused.

In other applications, particularly those where a pH 
change is preferred to release the target molecule, 
a combination of acidic and alkaline liquids will be 
used.  Examples include low concentration citric 
acid and sodium hydroxide, both of which are low 
cost, readily available and commonly used. 

There are many alternatives. As MIPs are devel-
oped with the eluent in mind, choices are made 
early in the MIP development process and always 
in discussion with the end user. 

A wide range of liquids can be used to release the captured target molecules from 
the MIPs - this is known as elution.  The targets are then recovered. 

Liquids pumped through the MIP column release the target molecules
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MIP bead magnified x 1,000,000



Systems are designed with operator safety in mind, operating at low pressure

Process at scale
Despite the complexity of the technology, Ligar’s MIP 
systems are incredible simple to operate at scale.  
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Ligar began its life making MIP powders which 
worked but which could not be used at scale.  
Since then the team has focused on the develop-
ment of MIPs, systems and operating procedures 
that are simple, safe and operator-friendly.

Our 100% MIP beads took many years to perfect 
and enable the use of MIPs in simple columns 
which operate at low pumping pressures.  The 
system has three main steps, all of which are 
managed by a control system.  Operators focus on 
the input and output materials, rather than on the 
management of the MIP system.  At the end of the 
shift, a clean in place process prepares the system 
for the next shift. 



Recover captured molecules 
from MIPs

Pump liquid up through MIPs 
held in a column

MIPs capture target molecules 
from liquid

1

2

3
A second liquid is passed through 
the column. This changes the polari-
ty or pH and releases the molecules 
from the MIPs. The molecules are now 
concentrated in this liquid which may 
be processed further. Rinse cycles may 
be used before and after recovery. The 
cycle can now be repeated many times 
before MIP replacement is required. 

Empty MIPs capture the target mole-
cules when they come into contact. The 
process is optimised to find the sweet 
spot between removal and processing 
time. As the molecular concentration 
and MIP capacity are known, the system 
switches to the recovery phase when 
the MIPs are full.

Liquids containing the target, which 
may have been pre-processed, are 
pumped through a MIP column. MIP column showing beads inside

Extract post-processing4
The liquids containing the ex-
tracted target molecules are 
typically processed to reduce 
their volume or to completely 
remove them.  This produces 
a highly concentrated extract.  
This step is not part of the 
MIP system and uses stan-
dard equipment & processes. 
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MIP system features

Extract specific molecules or 
groups of molecules

Metals can be targeted as well 
as organic molecules

Toxins and taints can be 
removed, even at very low levels

Very wide range of operating 
environments 

Simple systems, easy to integrate 
with - or replace - existing processes

Safe: low pressure systems using 
food-safe polymers

y

p t

V v

Plus years of experimental 
performance data informing 
polymer and system design
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Developing in partnership 

MIPs have the advantage of being able to be used 
for a vast number of different molecules in a large 
number of different liquids. This is also a disadvan-
tage as each new liquid comes with a steep learn-
ing curve.  This curve is easier to manage when we 
work closely with both the science and commercial 
teams of our partner companies, helping us to 
understand the processes, the liquids and how to 
accurately test for the target molecules. 

It is also important to have partners committed 
to testing out the technology at different scales 
in real-world systems as the project progresses.  
This includes testing the system’s economics 
and business model to ensure the investment is 
worthwhile.  

Over the years we have found that working very closely with partners on novel 
projects leads to more successful outcomes.  

We work closely with our partners to 
develop effective systems
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Getting started with MIPs

W
hile MIPs are extraordinarily versa-
tile, not all molecules are ideal MIP 
targets. Our process begins with a re-
view of the molecular structure of the 

target and how a MIP might be formed for it.  This 
is followed by a review of the ‘matrix’, the liquid in 
which the target molecule appears. For this review 
we ask companies to complete a questionnaire 
which covers imporant features such as the target 
concentration, the nature and concentration of oth-
er molecules, the pH, volumes, flow rates and other 
factors that help to determine whether a MIP could 

selectively bind to the target or a group of targets. 

After this, a proposal would be developed outlining 
the development required and the various stage 
gates involved in moving from a proof of principle 
to a completed commercial product. 

To ensure all needs are met, we encourage close 
cooperation between the technical and commer-
cial teams of both organisations.

All of our projects begin with organisations looking to remove or extract specific 
molecules from their products or waste streams.

The extraction and purification of flavours, aromas, bioactives and 
ingredients are ideal uses for MIPs
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Our cannabinoid system demonstrates that bio-
active molecules can be purified with MIPs much 
more cost-effectively than with existing systems. 
MIPs can be used even when the target molecules 
only make up a small percentage of the liquid. 

The flavour of liquids can be modified by selective-
ly removing specific molecules or groups of mol-
ecules.  This includes the removal of bitter com-
punds, sugars and flavour taints such as smoke 
taint in wine caused by volatile phenols. 

Ligar has demonstrated the removal of specific 
pesticides, metals and other persistent pollut-
ants from a range of liquids including water, wine, 
factory waste water and food extracts. Very large 
volumes of liquid can be processed. 

Valuable materials can be recovered from waste 
streams. This was demonstrated with a pilot sys-
tem that recovered chromium from tannery waste 
and prepared it for reuse. Organic molecules can 
also be recovered.

Bioactives Contaminants

Taste modification Recovery

Opportunities using MIPs
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Much like the image above, small molecules with 
structure and functional groups tend to be good 
targets for MIPs.  Fortunately this covers the 
majority of flavours, aromas and bioactive com-
pounds, along with a wide range of metals, toxins, 
taints, pesticides and persistent pollutants.

With these molecules the nature of the ‘matrix’ (the 
liquid containing the target molecules) is critical in 
determining whether a MIP will work.  Water and 
water & alcohol solutions (such as wine) are ideal 
matrices.  MIPs can also work in juices, food oils, 
essential oils and some solvents, with isolation 
being easier when there are no similar molecules 
present. Highly acidic or alkaline solutions present 
additional challenges but are possible to work with 
in some cases. 

While MIPs are incredibly versatile, it is very diffi-
cult to use them for targets that are too big or too 
small. Objects such as the bacteria in the image 
above are made up of billions of molecules and far 
too large to bind.  If the object has unique surface 
structures, however, it may be possible to create 
MIP to capture the structure and thereby capture 
the molecule. 

At the other end of the scale, simple organic mol-
ecules that have no structure or useful functional 
groups tend to make poor targets. Liquids with 
extreme pH or high temperatures, can also make 
binding target molecules difficult.  

There are always exceptions and each target is 
reviewed on a case-by-case basis. 

Selecting molecular targets

Ideal targets Poor targets
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Ligar has developed MIPs to remove smoke taint from 
wine, a problem that has led to hundreds of millions of 

dollars in lost sales in Australia, the US and South Africa 
as a consequence of large scale bush fires.  The MIPs 

target the small phenols responsible for the taint, leaving 
positive flavour molecules in the wine and restoring the 

wine’s value.  

The same method of taint removal could be applied to a 
wide range of problems and liquids, including the removal 

of bitter flavours. 

Smoke taint removal
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Case study: a faster process 
to make better products

L
igar’s development of MIPs for cannabi-
noids began in 2015 following an approach 
from a company in Nevada, US.  We initially 
looked at removing THC as a contaminant 

in hemp extracts, but once we understood the 
typical extraction and purification processes, we 
realised that MIPs could solve many problems, 
remove bottlenecks and significantly reduce the 
cost of production. With so many molecular targets 
within the plant, we expect the development work 
to be on-going for many years.

Industry pain
Cannabis is a unique plant material that does not 
favour being molecularly separated.  This makes 
it difficult to extract cannabinoids without co-ex-
tracting many unwanted impurities, such as colour 
compounds, fats, waxes and other plant matter. 

Due to the complexity of separation, cannabinoid 
extraction is dependent on multiple processing 
stages and systems, which each introduce critical 
trade-offs like high operational costs, process-
ing inefficiency and losses in yield and valuable 
by-products’ 

Removing bottlenecks
The existing distillation process involves winterisa-
tion, decarboxylation and distillation.  Winterization 
in particular is a major bottleneck, often taking 24 
to 48 hours (plus a great deal of energy) to remove 
fats and waxes from the crude extracts, increasing 
the purity by 5% to 10%. 

The distillation process typically requires a de-
carboxylation pre-processing step, then multiple 
distillation cycles over many hours.  Rather than 
concentrating up all of the cannabinoids, this slow 
process focuses on purifiying one particular can-
nabinoid, typically THC or CBD, increasing this to 
circa 85% purity. 

When using a MIP system winterization is not 
required as the fats and waxes are not caught by 
the MIPs.  The MIPs also capture all cannabinoids 
without requiring a decarboxylation process. 

MIP systems turn a two to three day process to 
produce an 85% CBD or THC extract into an 8 to 
10 hour process to produce an 80+% cannabinoid 
extract containing the full cannabinoid spectrum.

Ligar’s cannabinoid MIP system purifies crude cannabis extracts without the 
need for decarboxylation, winterization or distillation.  The process creates a full 
cannabinoid-spectrum extract, significantly reducing heavy metals and pesticides.
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Existing purification processes focus on single molecules; Ligar’s MIPs target and 
capture all known cannabinoids, creating a higher value product

Bioaccumulated heavy metals 
and pesticides are removed

MIP systems simplify purification, removing 
processing steps and reducing time
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 A better product faster: crude extracts at 50% 
to 60% purity pass through the MIP system, 
producing a refined extract at the required 
80+% purity, cutting out processing steps

Ligar GMP-compliant bioactive purification MIP system on site in Canada
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Full spectrum of cannabinoids
Standard purification processes target individual 
cannabinoids, typically CBD and THC, and reduce 
the percentage of minor cannabinoids. There is no 
longer a need to separate out the individual can-
nabinoids and re-blend them. MIPs capture all of 
the cannabinoids that are present, maintaining the 
profile that is present in the flowers. This includes 
the acid forms for which therapeutic benefits are 
still being discovered.

Reducing waste
The standard process for manufacturing an 80% 
distillate or an isolate can lead to 20% to 40% of 
the cannabinoids ending up in the waste stream 
(extracts too difficult to process further). The MIP 
process has losses of around 2%, with even this 
amount being able to be recovered from the waste 
stream as the MIPs work at all concentrations.

Terpenes
Depending on the application, producers may wish 
to retain or remove the tepenes.  Ligar has MIPs 
which co-capture a majority of the terpenes, others 
which minimise capture.  In both cases it is good 
practice to include a standard (pre-MIP) process to 
extract the terpenes. 

Contaminant removal
Pesticides and heavy metals are coming under 
increasing focus as current distillation methods 
increase their concentration in the final extracts. 
Some common pesticides, such as myclobutanil, 
are very dangerous when vaporised.  By selec-
tively targeting cannabinoids, the MIP process 
automatically reduces the amount of pesticides 
and heavy metals in the final extracts, with a single 
pass through being shown to reduce pesticides by 
at least 80% and metals by 96% to 99%. Cannabis 
that has bioaccumulated contaminants from the 
soil can now be processed into high value prod-
ucts that are compliant with regulations. 

Bitter-tasting molecules can be seen as a contam-
inant and taste-testing results show that these are 
removed. 

Lower grade materials
As many of our other applications demonstrate, MIPs 
can capture target molecules when they are present 
at very low concentrations. While the process is more 
efficient when the cannabinoid concentration is high, 
lower grade materials such as leaves can be pro-
cessed, capturing full value from the plant. 

GMP compliance
Ligar’s MIP systems are compliant with GMP require-
ments for the production of pharmaceuticals.

Scale
As the process simply involved pumping extracts 
through a column of beads, there is no limit to the 
scale at which a MIP system could operate. 

Future developments
The rapid removal of THC is a priority for Ligar’s MIP 
development team, along with MIPs and processes 
that will enable the separation of minor cannabinoids. 
The MIP system is generic and will also be used for 
targets outside of cannabis processing.  

Typical path for cannabis processing at commercial scale - MIP 
systems cut out costly and time consuming processes

MIP beads



Please get in touch to discuss how Ligar can 
help with taking molecules out
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10 Bisley Road
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