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Disclaimer
The views and opinions expressed in this 

presentation are
those of the presenter and do not necessarily 

reflect the view of Medtronic



1. Analytical Testing Strategy and Requirements
2. Solvent Selection
3. Solvent Polarity Scale and Its Significance (ISO10993-18)
4. Number of Solvents Required for Extractions (Exhaustive or 

Exaggerated)
5. Difference between Semipolar and Nonpolar Solvents in 

Extraction
6. Significance of Extraction Processes (ISO10993-12)
7. Critical Assessment of Use of NVR Test
8. Summary and General Analytical “Specifications”
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Discussion Topics Today
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Physical Process: 
Diffusion/Migration

Biocompatibility: 
What and Amount

The Physical Processes
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Extractables Release Profiles
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Tasks and Challenges

Sample Preparation

Solvent

Tissue 
representative

Swelling/ 
Disintegration

Release Profiles

Availability

Extraction

Multiple Solvents

Conditions

Analytical Chemistry

Semi-Quantitative 
Analysis

Measure All 
Extractables

Testing Strategy

Analytical Tasks and Challenges
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ISO10993-Part 12
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Chemical Characterization (ISO10993-18) Flow
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Chemical Characterization

Men

Hire Best Chemists (Not 
Routine Work)

Strong Problem-Solving 
Skills

Breadth of Knowledge

Machinery

Invest in 
Instrumentation

Instrument 
Qualification and 

Maintenance

Multiple Analytical 
Techniques

Methods

Combined Analytical 
Testing

E/L Testing 
Methodologies

Analytical Methods 
(TMV)

Materials

Reference Standards

Pure Chemicals as 
Standards

Reference Spectra
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Successful Chemical Characterization Program
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1. Extraction Solvents and Conditions to achieve desired 
outcomes

2. Analytical Methods
 Detection comprehensiveness (cover extractables in 3D of MW, 

hydrophobicity, and volatility)
 Apply to solvents of varying polarity
 High peak capacity
 Signal consistency (low UF)
 Sensitivity
 Standard selections
 Validation considerations

Analytical Strategy and Requirements
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Solvent

Solubility (to 
Extractables)

No Solubility/No 
Extraction

General Solubility to 
All Extractables

Extractables 
Concentration 
Typically Low

Solvent-Material 
Interactions

Degree of Swelling

Too Much Swelling 
(No Human Tissue 

Relevance)

Disintegration

Release Kinetics

Time-Based Profile

Total Amount

Chromatography

Interference to 
Separation

Interference to 
Detection

Solvents-So Critical
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 Similar to human tissue environment in solvation/extraction 
strength

 Commercially available as highly pure chemicals
 Low toxicity
 Adequate physical properties such as polarity, boiling point, UV 

absorbance, viscosity, etc.
 We can do chromatography
 Solvent-extractables interactions, recovery, interference, sample 

stability, LOQ, etc.
 Solvent-material interaction (release profiles)

Solvent Selection/Requirements



Ref: Classification of the Solvent Properties of 
Common Liquids by L.R. Snyder, Journal of 
Chromatography, 92 (1978) 223-234.

Solvent Polarity Index (p1) Boiling Point (°C) Viscosity 20°C (cP)

Pentane – 36,1 0,23
Tetrachloroethylene – 121,2 0,93
2,2,4 Trimethylpentane 0,1 99,2 0,51
Heptane 0,1 94-97,5 0,41
Hexane 0,1 67-69,5 0,31
Cyclohexane 0,2 80,7 1.00
1-Chlorobutane 1.0 78,4 0,45
Carbon tetrachloride 1,6 76,8 0,97
Toluene 2,4 110,6 0,59
Methyl-tert-butyl ether 2,5 55,3 0,27
Benzene 2,7 80,1 0,65
Diethyl ether 2,8 34,5 0,23
Dichloromethane 3,1 39,7 0,43
Octan-1-ol 3,4 195,2 10,64 approx
1,2 Dichloroethane 3,5 83,5 0,79
Propan-2-ol 3,9 82,3 2,3
Propan-1-ol 4.0 97,2 2,26
Tetrahydrofuran 4.0 66.0 0,55
Chloroform 4,1 61,7 0,57
Ethanol, absolute 4,3 78.00 1,2
Ethyl acetate 4,4 77,1 0,45
1,4 Dioxane 4,8 101,1 1,54
Acetone 5,1 56,2 0,32
Methanol 5,1 64,7 0,55
Pyridine 5,3 115,3 0,95
2-Methoxyethanol 5,5 124,6 1,72
Acetonitri le 5,8 81,6 0,36
Dimethylformamide 6,4 153.00 0,85
Dimethylsulfoxide 7,2 189.00 2,24
Water 10,2 100.00 1.00
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Snyder solvent scale is more a 
solvent selectivity scale in 
chromatography than a 
polarity scale. It is mostly for 
small molecules (not 
polymers).

The Kamlet-Taft scale is really 
a better useful scale of solvent 
polarity.

Solvent Polarity Scale (ISO10993-18)
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Correlation of Polarity to Physical Properties, Swelling
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Solvent-Polymer Interaction as Indicated by Swelling

PAN=poly(acrylonitrile)
PSF=poly(sulfone)
PES=poly(ether sulfone)
PDMS=Polydimethylsiloxane
PEI=poly(ether imide)
PEBAX=Poly (ether block amide)
P84 and Matrimid=poly(imide)
PTMSP=poly[1-(trimethylsilyl)-1-propyne]

Ref: Swelling of 9 polymers commonly 
employed for solvent-resistant nanofiltration 
membranes
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Solvent-Polymer Interaction as Indicated by Swelling (Silicone)

Sw
elling 60-120%

Ref: Solvent Compatibility of 
Poly(dimethylsiloxane)-Based Microfluidic 
Devices

• Silicone-based devices can 
be “damaged” by many 
solvents

• Solvents not swelling 
silicone, still nonpolar, are 
hard to find

• Smipolar solvents can be 
important to compensate
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KT/ET(30) Snyder AN 
(Acceptor #)

DN (Donor 
#) (AN+DN)

Hildebrand 
Sol. 

Parameter

Dipole 
Moment

Carbon tetrachloride 32.4 1.6 8.6 0 8.6 8.6 2.2
Toluene 33 2.4 3.3 0.1 3.4 8.9 2.4

Dichloromethane 40.7 3.1 20.4 1 21.4 9.7 8.9
1,2-Dichloroethane 41.3 3.5 16.7 0 16.7 9.9 10.1

Propanol 48.4 3.9 33.5 36 69.5 11.4 18.3
THF 37.4 4.0 8 20 28 9.1 7.5

EtOH 51.9 4.3 37.1 32 69.1 12.7 24.3
Ethyl acetate 38.1 4.4 9.3 17.1 26.4 9 6

Acetone 42.2 5.1 12.5 17 29.5 9.6 20.7
MeOH 55.4 5.1 41.3 30 71.3 14.5 32.6

Acetonitrile 45.6 5.8 18.9 14.1 33 11.9 36
Dimethylformamide 43.8 6.4 16 26.6 42.6 12.1 36.7
Dimethylacetamide 42.9 6.5 13.6 27.8 41.4 10.8 37.8
Methylpyrrolidone 42.2 6.7 13.3 27.3 40.6 11.3 33
Dimethyl sulfoxide 45.1 7.2 19.3 29.8 49.1 12 46.7

How Many Can Be Used for Extractions?
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 Solvation, polar or hydrogen 
bonding (ACN or methanol, 
ethanol, etc.)

 Solubility

 Thermodynamics-Amount of 
extraction

 Kinetics-Speed of release

 How to achieve exhaustive?

Differences Among Solvents-Extraction Alone



9/25/2020 18

LEAST POLAR
––––––––––––––––––––––––
Saturated hydrocarbons
Unsaturated hydrocarbons
Wax esters
Steryl esters
Long chain aldehydes
Triacylglycerols
Long chain alcohols
Free fatty acids
Quinones
Sterols
Diacylglycerols
Monoacylglycerols
Cerebrosides
Glycosyl diacylglycerols
Sulpholipids
Acid glycerophosphatides
Phosphatidyl ethanolamine
Lecithin
Sphingomyelin
Lysolecithin
––––––––––––––––––––––––
MOST POLAR

Solvents Required for Exhaustive Extractions-Tissue Polarity



Solvent Extraction Efficiency from “Polyurethane” Material
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Solvent Extraction Efficiency from “Silicone” Material
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 Help achieve exhaustive extraction

 Solvent alone is not a guarantee for exhaustive extraction

 If a nonpolar solvent destroys device, can we use a 
semipolar solvent to cover the extractables by nonpolar 
solvent

 Look at the fundamental, solvent differences

Benefits of Use of Multiple Solvents
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Difference between Nonpolar and Semipolar Solvents

 Similar for 
hexane/ethanol

 Not solubility limited
 Nonpolar solvents 

important after Log(Po/w) 
> ~6
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Solvent -Material Interactions: Thermodynamics

Ref: Release of additives from packaging plastics
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Solvent-Material Interactions:  Kinetics
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Sequential (Repeated) Extractions
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 Compensate on multiple solvents

 Compensate on different extractables

 Compensate different partition coefficients 
(thermodynamics)

 Do repeated consecutive extractions (daily)

 ISO10993-12 needs an major update (72 hours)

 Not dissolution-based release profiles

Advantages of Sequential (Repeated) Extractions
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NVR (Nonvolatile Residue) Test
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NVR (Nonvolatile Residue) Test:  Silicone

Ref: Solvent Compatibility of Poly(dimethylsiloxane)-Based Microfluidic Devices
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NVR (Nonvolatile Residue) Test:  LDPE

Ref: Diffusion rate can increase up to 100-fold for high MW 
extractables, making them detectable by NVR

29
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NVR (Nonvolatile Residue) Test

Ref: Release of additives from packaging plastics
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NVR (Nonvolatile Residue) Test:  PE
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NVR (Nonvolatile Residue) Test (Silicone)

Ref: Determination of the overall migration from silicone 
baking molds into simulants and food using 1H-NMR 
techniques

20% of Isooctane
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• Solvent selection is “limited”, considering all factors
• Three extraction solvents can be beneficial to achieve exhaustive 

extractions, not a guarantee
• The semipolar solvent can be more important than nonpolar solvent
• Repeated (sequential) extractions (daily, not 72 hours) can 

compensate difference in solvents to achieve exhaustive extraction 
and to generate extractables release profiles

• NVR is sometimes questionable as a reliable test for exhaustive 
extraction. Analytical on individual extractables is much more 
sensitive and reliable.

• Mass balance between NVR and analytical can be difficult to achieve

Presentation Summary
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• Solvents and methods can cover many materials and device types
• Repeated (sequential) extractions (daily, not 72 hours)
• Analytical comprehensiveness (MW range; hydrophobicity range; 

Volatility range)
• High peak capacity (hundreds)
• Apply to varying solvent polarity
• Sensitivity: the sensitive the better
• Validated
• Standard selections for a low uncertainty factor (UF)

Method “Specifications”
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End of Presentation
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