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SF medicines: A global crisis

10.5% 
of medicines in 

low-middle income 

countries are SF

1% 
of medicines in 

high income 

countries are SF

Global cost of SF 

medicines are 

US $10.5 bn

1 million 
people die every yr

due to SF 

medicines

Authentic Counterfeit



Current Strategies: Packaging

Tamper Evident Serialisation

• Unsuitable for personalised, ‘one-off’ batches of medicines

• Better strategy could be to directly label the dosage form

• Individual drug product QC

• Real-time medication adherence



Project Aim

Use a novel 2D-3D printing process to develop personalised

drug products with a fail-safe anti-counterfeit mechanism

Paracetamol (5%)

L-HPC (75%)

Mannitol (15%)

Mg Stearate (5%)



Step 1. Drug Product Design

• Design QR codes & data 

matrices to contain 

information relating to:

• Patient

• Manufacturer

• Drug dosage, form, 

batch number, expiry

• Prescriber & 

pharmacist 

Designed by: 

https://www.datamatrix.kaywa.

com

https://www.qr-code-

generator.com/

Track-and-Trace 

https://www.datamatrix.kaywa.com/
https://www.qr-code-generator.com/


Step 1. Drug Product Design

Track-and-Trace 



Step 1. Drug Product Design

Smart Material InksTrack-and-Trace 
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E1        = Eudragit RS100

M2        = Methylparaben

E3        = Eudragit RS100

S4        = Sodium benzoate



Step 2: Development of Smart Inks 

Nozzle radius (α)

Density (ρ)

Surface tension (γ)

Viscosity (η)

Ink Printability     =   (αργ)1/2

(Z Value) η

Target = 1-10



Step 2: Development of Smart Inks 

Surface tension: 25 – 28 mNm-1

Viscosity: 0.9 – 1 mPa.s

Z value = >1
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Ink Composition Surface 

Tension

(mNm-1)

Dynamic 

Viscosity (mPa.s)

Z value Visual

confirmation?

Methylparaben

20% w/v

28.3± 0.7 1.0 ± 0.05 3.58

Eudragit RS100

10% w/v

27.9 ± 0.6 3.31 ± 0.4 1.15

Sodium benzoate 

2% w/v

27.4 ± 0.8 0.91 ± 0.07 4.58
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Step 3: Printing & Smartphone Scanning

12 x 12mm 15 x 15mm 20 x 20mm

✓ ✓

✓ ✓ ✓

✗

D
a
ta

 M
a
tr

ix
Q

R
 C

o
d

e



Step 4: Raman Detection of Smart Inks 

A B C

200 400 600 800 1000 1200 1400 1600 1800 2000

Raman shift (cm-1)

Data Matrix

Position 1

Position 2

Position 3

Position 4

Blank tablet

1006 cm-1

812 cm-1

1285 cm-1858 cm-1

812 cm-1
1587-1695 cm-1

200 400 600 800 1000 1200 1400 1600 1800 2000

Raman Shift (cm-1)

Eudragit RS100

Methylparaben

Sodium benzoate

858 cm-1

1006 cm-1

1285 cm-1

812 cm-1

1587 - 1695 cm-1

• Renishaw InVia Raman 

microscope, 785nm NIR 

laser, x50 lens

✓ Non-destructive, no sample 

preparation, rapid, spatial 

distribution



Step 4: Raman Detection of Smart Inks 

A B
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Step 4: Raman Detection of Smart Inks 

A B
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Conclusions

• Used a novel 2D-3D printing technology to produce 
personalised drug products with dual:

• Track-and-trace (QR codes / data matrices)

• & Anti-counterfeit method (Raman-active material inks)
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Any Questions?


