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Note: The webinar is an outline as the main content is based on live use of
the HSPiP software and apps



My thanks

* To the very capable TURI team for setting up
this webinar



Applying solubility thinking to TUR

 We will see that a simple but powerful
solubility approach allows us to optimise our
replacement strategy for

— Solvents

— Polymers
— Plasticisers
— Fillers

— etc.

* As a bonus, the same approach can be used
for your general formulation development



Who am I?

A UK-based chemist — who did his Oxford PhD
at Harvard

An industrialist concerned with real-world
issues

A Visiting Professor who likes to bring the best
possible science to industrial processes

Someone who programs powerful technical
software and apps

— Co-author of HSPiP being used today
An independent consultant



www.stevenabbott.co.uk

e Lots of AbbottApps resources, including
Practical Solubility. All free and run on all
platforms — PC, Mac, tablets, phones

Trainer, consultant, author ...
Good science, clearly explained

Free app-based resources ready for use
Click below to explore the resources

Professor Steven Abbott
Science for the real world

Practical Adhesion Practical Surfactants & Foams Practical Solubility

[ Why does
_llllli({ stuff stick?
——

Adhesion science apps

@ TS Jié:

HI.D 0 HLD 0 HLD 0

Learn surfactant & foam science via apps

"

. L
-

LI

Learn solubility science via apps

Practical Nanocoatings (Coming soon) AbbottApps Training and Consulting

Learn nanocoating science via apps

AbbottApps

Science Delivered to your Screen

Easy to use, powerful, run on all devices

i

Yes, | train, consult, write books ...



http://www.stevenabbott.co.uk/

Solubility?

Even if they are green and safe:

— A solvent can’t clean or dissolve without the right
solubility behaviour

— A plasticiser is useless (it will bloom over time) if it
is insoluble in the polymer

— A protective polymer is useless if the chemical can
readily dissolve and diffuse through it

— A particle or filler won’t deliver its promise if it is
not compatible with (soluble in) the system



But we know about solubility

* No we don’t!
— Hydrophobic/Hydrophilic, Polar/Non-polar, LogP are too
simplistic
— UNIFAC is usually too expensive and too specialised

— COSMO-RS (based on quantum calculations) is wonderful
but not usually for our sorts of issues

e With 3 Hansen Solubility Parameters we can do a lot

— Many HSP are in the public domain and my Practical
Solubility site has some useful apps and datasets

— For serious use, HSPiP (Hansen Solubility Parameters in
Practice) is the platform of choice —and is used by TURI



3 Hansen Solubility Parameters

5D — Dispersion
— The polarisability of a molecule
— Alkanes are too boring to be polarisable 6D~14
— Aromatics are more polarisable 6D~18
— Chloro-aromatics even more polarisable .. 6D~19

HSPP Ath Edition 4.2.00
Fide Dot Dt AdnoVec. FerceFe Tess HPLC MIC G Temp. boap FindMok Grd DPC Pows
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3 HSP

e 5P — Polar

— Alkanes, aromatics are not polar 6P~0
— Acetonitrile is massively polar 6P~18

— The average chemist would have no problem in
agreeing with the relative 6P rankings of most
simple molecules



3 HSP

OH — Hydrogen bonding

— Alkanes, aromatics 6H™~0

— Methanol > Ethanol 6H™~20
— Acetone 6H™5

|t has the ability to be an acceptor in H-bonds
— Again, the average chemist would have no

problem in agreeing with the relative 6H rankings
of most simple molecules



This slide is for reference

We’'ll just note that smaller
purposes to show that HSP are (+ 1 ) molecules are generally better as
respectable thermodynamics solvents
e MVol

— Molar Volume constrains the numbers

— HSP come from Cohesive Energy Density

— So bigger means more Cohesive Energy ...

— ... but not necessarily more Cohesive Energy Density
e For solubility “Small is Beautiful”

— thermodynamics (entropy)

— kinetics (fast diffusion)

e But we’ll stick with 3 for the rest of the webinar



Solubility and Compatibility

”

“Like dissolves like”, “Like is compatible with like

Calculate “like” with a simple Distance formula:
e D?=4(6D,-6D,)*+(6P;-6P,)%+(6H,-6H,)?

Just the standard distance in 3D space, with a
tweak for 6D

If things are very alike then D is small, if they are
not alike, D is large
— Activity coefficients and/or x parameters calculated from e™®’

The famous HSP formula, working for 40+ years
— Distance is sometimes shown as Ra

’)



HSP values

e Thermodynamic relationships:

— Originally derived for solvents from enthalpy of
vapourisation, Refractive index, Dipole moment

* OK for solvents but not for solids and polymers
— So measure them via a “20 solvent test”
e Let’s measure the HSP of Poly lactic acid

— Estimate automatically from SMILES or MolFile
e Let’s estimate the HSP of ibuprofen

 HSPiP contains tables of solvents, polymers,
GRAS, flavours & fragrances, EAFUS...



- ol

] HSPiP 4th Edition 4.2.00
File Dist. Diff. Adh./Visc. ForceFit Teas HPLC IGC GC Temp. Evap. FindMols Grid DPC PowerTools Help PolyLacticAcid
No. Solvent a0 w & Score  RED WVl ~| B (5 Gl 2“;"'5%5"“33: O esc Tee” Th H S P S h f P L A . 2 7
EZll Frrane 19 38 55 1 0176 |80 e E kS % e p ere 1or IN
521 | N-Methyl-2Pymolid 18 123 72 1 0516 |9%6 - IS0 O Bliotsica =
> et 2 Bywoldons 4 e | [1GA [Bohony | D= 18.72 P=7.73 H=7.00
524 | Methylene Dichloride 17 73 71 1 0374 |644 Hideunsed [ SRe | TOt =21.43 SOlve nts
= L R=9.3
307 |13 Diovol 181 56 93 1 0306 699 — =
As; M h,:‘;:i‘iei 16 9 5.1 1 0635 |%02 L LInA | Fit= 1.000
\ethy lone =] i
- @ Search_Text Q Core= i[(l.35, 0.60, 0.80]
617 | Tetrahydrofuran 168 57 8 1 0480 |819 wrong In=0
156 | Chlorofomn 178 31 57 1 0554|805 Master || 10K || A1 Y
7 |Acetone 155 104 7 1 0751 |738
25 0 H
297 | Dimethyl Fornamide 174 127 13 1 0841 |774 i
03 Dimethyl Sufoxde 184 164 102 1 03% |713 ‘ T
306 |14 -Diaane 175 18 9 1 072 |857 0 | |
328 Ethyl Acetate 158 53 7 1 0681 %86 ' T
403 |Furn 17 18 53 1 070 |731 15 | [
169 mCresol 185 65 137 1 074|105 1 p
637 | Toluene 18 14 2 1 0881 |1066 0 L _ |-
697 | Xylene 178 1 31 1 0853|1211 5 | m G t th SMILES f -b f f
5P v BH 5H v 8D P v 6D 5 L T ~—] e e or | upro en 1ro
25 5 25
; \ .
L - .
S e.g. ChemSpider and calculate
o< - it .
L tomaticall
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J.
s
5 DIY - O
Y-MB | Stefanis-Panayictou | Van Krevelen | Hoy | Numbers | Polymers | HSE | Azeotropes/VP | Solubilty | Miscibilty = Sufactants

H;

B 3D Save Zoom

Ibuprofen

ChemSpider ID: 3544

Molecular Formula: Cy3H430;
Average mass: 206.281 Da
Monoisotopic mass: 206.130676 Da
¥ Systematic name
2-(4-Isobutylphenyl)propanoic acid

¥ SMILES and InChls

SMILES:
CC(C)Celece(eet )C(C)C(=0)O | cops

Spherical D-Min | 15

SMILES or InChlinput m Full data to Clipboard [¥] No Header E

CCC)Cc1cec{ec 1)COC(=0)0

MP°C 970
8D 17.62 Formula |C13H1802 BPC 3104 m
5P (247 E:a}w A R 1508 ﬁ
SH |764 po-Pu Densty |0.998
SHD/A |6/5 p_Ph:1 Mvel |206.8
ore (B8 o D762 247 764 &5 Mo [
Environmental Z Ovalty 1.582
Antoine A | 7518 MCl 7,003
Antoine B | 20761 HAC 15
Antoine C | 1342
VP @25°C |0.0000
VP @C 25 0.0000
RER (0,100
Flash point | 137
n@25c |1786
Log{OHR} |-10.56
[J No SMILES
log{Kow) [3.89 e
log(S) |-253 it =




Predicting PLA

e Poly Lactic Acid
— an important “green” polymer

— lots of wasted work trying to find plasticisers, fillers,
nanoclay barrier properties, controlled release

— the basics sorted out purely with HSP —

e read my predictions for yourself -
POLY (LacTic acip)

e e.g. don’t package cinnamon buns in PLA

EWILEY




Replacing solvents

e |f you know the HSP of your solvent then the
best solvent will have a similar HSP

— Except that “best” also includes cost, odouir,
vapour pressure, VOC ...
* Highly unlikely that any single solvent will give
you what you need

— You would probably know it already as it’s easy
enough to test a bunch of single solvents



The best single solvent for cleaning?

e The John Durkee book is based solidly on HSP
principles
— The tradeoffs between greenness, low VOC and

ability to clean (small HSP Distance) discussed in
depth Cleaning with Solvents: Science and Technology, 1st Edition

Author : J Durkee

Release Date: 30 Jan 2014
Imprint: William Andrew
eBook ISBN : 9781455731619
Print Book ISBN : 9781455731312
Pages: 780

In this practical handbook, John Durkee guides readers through the
technologies and materials of the solvent-based cleaning of surfaces,
explaining how to implement successful cleaning procedures and
exploring regulatory frameworks, economic factors and environmental
concerns.

Cleaning

with Solvents
Science and Technology




Smart solvent blends

Take two non-solvents for a polymer

Mix them 50:50 s

What do you get?

If you do it according to the numbers
you can get a good solvent

The birth of “rational solvent blends”

— optimise for solubility along with cost,
compliance, controlled solubility during
evaporation

Of course you don’t have to use bad
solvents, this example is to make a
point

z

5 -



A green example

* FAME (Fatty Acid Methyl Esters) are too boring to
be much use, but are “green” [16.4, 2.6, 4.5]

* Glycerol carbonate comes from bio-glycerol, CO2
(in principle) and is bio-degradable — but is much
too polar to be highly useful [17.9, 25.5, 17.4]

A 60:40 mix is an impressive match for a great
(but unusable) solvent like Dimethyl Acetamide



A green example

RER Weight Vol%

Solvent &0 &P &H MVol Other Names Distance AA /
| FAME 164 |26 45 (2809 | Fatty Acid Methyl Ester 100 [e00 [@[1060 (96 |2
| Giycerol Carbonate 179 |55 |174 |832 | oo | 8244 |2

Methyl iso-Butyl Carbinel (154 |33 123 |1272  |mIBCOL 100 756 |1
| Methyl Iso-Butyl Ketone... | 153  |6.1 41  |1258 |4Methylpentan-2one 1100 6686 |1
Methyliso-Amyl Ketone |16 |57 |41 1413 |[MIAK 100 1725 1
| Methyl Cyclohexane | 16 o 1 182 | 100 7001 |1

Methyl Ethyl Ketone (M... |16 E 51 (902  |2Butanone 1100 7063 |1
Methy Oleate 62 |38 |45  |307 | 100 17516 |2
Methylene Choide |17 73 |71 |e44 | Dichioromethane 100 708 1

N.N-Dimethyl Acetamide 168 |15 (102 |93 DMA 100 ZIE

NN-Dimethyl Fomamid... (174  [137 113|774  |DMF 100 7241 |1
| Methyl Celosolve 6 (82 |15 |73  2Methoxy Ethanol 100 8097 |1
| Methyl Propyl Ketone | 16 |76 47 1107.3 100 7354 1
[sasa san_wi 7 laa l4nn =n larr [sinan nn [2a0a  n

DMA is the target of 16.8, 11.5, 10.2

The 60:40 blend is 17, 11.8, 9.5

The Distance is 0.7 — rather close

8D & &H
168 115 [[102 |
20 |20 |20

Calculated

170 | 118 [[97 |
Delta

02 |03 |[05 |

Distance RED WA Err

07 |joos | 00 |



Rational green solvent design

—CH,
H
03\/:,” Glycerol carbonate 0
Dﬁ(ﬂ 8P, 8H too high Dimethyl Isosorbide — DMI
[17.9, 25.5, 17.4] delivery H,c—0

But not green (2 reasons)
[17.6,7.1, 7.5]
i;u /0{“3 Glycerol carbonate acetate
© R Excellent potential solvent
H,C
[17.1,14.7,9.2] Diacetate of Isosorbide o

© Should be excellent solvent* gl’\a{
f Will be green ‘{

o’ s
/>-—/ Glycerol carbonate ethyl ether
A

Excellent potential solvent [16.7, 7.5, 8.9]
[16.8, 18.5, 8.7]

Assumes the carbonates can be made without phosgene! *Solid at RT — needs ester mixture



Cleaning a nylon residue

A personal example

Toluene/IPA an excellent* solvent blend for a
specific nylon used on a coating machine

Operators hated the cleaning job

| had tested it on the small scale and proved it
was fine — but on the large scale it was awful!

Reformulated using HSPiP: DBE:Dowanol PnB

— Larger distance, somewhat slower

— Much less volatile — just leave then wipe off later
e DBE:Dowanol PM not so good because PM too volatile

— Great success!

*This was some time ago before toluene tox limits
were lowered even further



The original
blend.
RER ~160

The revised

blend.
RER~5

Solvent D P §H MVol  Other Names RER Weight Vol% Distance AA i~
2-Propandl 158 61 164 769 150 (100 |50 |&|787 [se7 |2
Toluene 18 14 2 1066 190 100 HE} 790 6951 |1
Methyl iso-Butyl Carbinol | 15.4 33 123 1272 |MiBCOL 27 [100 [|43¢ |[756 |1
Methyl iso-Amyl Ketone 16 57 41 1413 |MIAK 50 |100 573 |72%9 |1
Methyl Cellosolve 16 82 15 793 |2-Methowy Ethanol 53 (100 750 [80%7 |1
Methyl Cyclohexane 16 0 1 1282 300 [100 Ofsz2 [70m |1
Methyl Ethyl Ketone (M... |16 9 51 902  |2-Butanone 80 (100 [less |7083 |1
Methyl Iso-Butyl Ketone_.. | 15.3 6.1 41 1258 | 4Methylpentan-2one 162 | 100 [1645 6686 |1

Solvent &D 8P &H MVol Other Names RER Weight Vol% Distance AA
Dibasic Esters (DEE) 162 65 84 159 Di-Basic Ester; Dimethyl... |1 100 |[550 |W|314 |7237
Propylene Glycol Mono... |15.3 45 9.2 132 PnB; 1-Butoxypropan-20l (7 |100 450 Ha.zs 7241
Aromatic hydrocarbons | 18 1 3 100 1 100 [J|715 |6376
Diethylene Giycol Mono... |16 7 106 1704 | DB; 2{2butoxyethoxylet... |3 |100 [J|393 |8456
n-Amyl Alcohol 159 59 139 1086 | n-Pentanol 148 (100 [J|552 7458
n-Amyl Acetate 158 33 6.1 143 67 |100 j383 |73
Acetonitrile 153 18 6.1 529 230 |100 [J|1488 |7.074
n-Butyl Acetate 1538 37 63 1326 100 |[100 [J|3e4 7028 |1
Benzyl Alcohol 184 6.3 137 10338 06 |100 |59 7582 |1
Aliphatic hydrocarbons | 14 0 0 100 1 100 [Jj1152 |6886 |1
t-Butyl Alcohol 152 5.1 147 % 160 (100 [Jjes0 |7133 |1
1-Butanol 16 57 158 52 43 100 /7w 7838 |1
t-Butyl Acetate 15 37 3 1348 280 100 1497 (701 |1
Butyl Benzoate 183 56 55 178.1 03 |00 [1/498 |759% |2
Butyl Diglycol Acetate |16 4.1 82 2082 | BDGA; 2{Zbutoxyethox... (0.1 [100 208 (7831 |2
Butyl Glycol Acetate 153 75 6.8 72 4 100 Ol545 |72% |1
Cyclohexanone 178 84 5.1 1042 29 |100 [Jle42 (7313 |1
y-Butyrolactone (GBL) |18 166 74 76.5 Dihydro-furan-2-one 3 100 1311 |72 |1
Caprolactone (Epsion) 197 15 74 1108 | Oxepan-2-one 01 |100 1265 |7831 |2
Cyclohexane 168 0 0.2 108.9 560 |100 Ols77  |7009 |1
Cyclohexanol 174 4.1 135 105.7 1 100 [Jj442 715 |1
Benzyl Benzoate 20 5.1 52 190.3 0.1 |100 (1749 7498 |2
Cyclopentyl Methyl Ether | 16.7 43 43 1165  |CPME 180 (100 [Jjass |6917 |1
Di4soButyl Ketone 16 37 41 1774 15 [100 [|5.41 7349 1
Diacetone Alcohol 158 82 108 1243 | 4-Hydroy-4-Methyi-2-Pe . |12 | 100 (517 |7874 |1
pRbd Prooinnate 1157 [R5 [8e 1492 | a5 100 Lae 74 2%
oo CiGicktodsableasovent [ Onlyusebadsolventsbeyond R | Search_Text S Y

SHD/A

8D & BH
(169 |38 |92 [o00mo Jom

50 |30 10 | [JReom

&P §H &HD/A

5D
165 |38 0000 [JD/A

50 |30 |10
Calculated
58 |56
Delta
EIRITRIETS

Distance RED Wt Er % Check

[] REDfit

29 |[o3s | [00 | [1000]

[JBest1or2+10 | Radus 80
[] nBuAc=100s (100 | RERc | |

Airm/s pm
[10_]fwo |
1 Tme [100_][sec o]
[ Activity Coeff. [] Show previous
[] Show RED  [] Plot Ra
[] Inc. Target % 100 |

Evaporation | € |

Wetbub %RH Dew-Pont BRP
249 [s00 | [138] 89 |
(] Auto Water RER [ ] Plot Wet

Users\Steve...\OptimizerSolvents sof |




Replacing IPA

An email request after the first webinar
requested a non-flammable replacement for IPA

suggested a mix of PG (propylene glycol) and
DBE (Dibasic Ester)

t won’t be as great a solvent and will be very
slow

— And also slow to evaporate which is inconvenient but
necessary for non-flammable!

TUR always results in compromises. But a non-
volatile compromise might turn out to have
unexpected advantages in the long term

— TUR might require changes in habits




Replacing DCM (1)

* Dichloromethane is useful but must be replaced.

Previous webinar Q&D demanded answers!

e Two HSP approaches

— Use Solvent Optimizer to find all Pairwise blends and
think through the possible matches

e Spreadsheet sent to TURI to examine options

Solvent 1
Butyl Diglycol Acetate
Cyclohexanone

Solvent 2
Propylene Carbonate
Dipropylene Glycol Methyl Ethe

Propylene Glycol Monomet Cyclohexanone

1,4-Dioxane (High P)
Butyl Glycol Acetate
1,3-Dioxolane

|Isophorone
Dimethyl Isosorbide
Methyl Propyl Ketone

Vol% 1

76
66
40
72
27
50

Vol% 2

24
34
60
28
73
50

Distance
0.196
0.2
0.201
0.234
0.234
0.245



Replacing DCM (2)

Disclaimer: | am simply reporting what happened over 10 days from the previous webinar.
| cannot comment on whether these “408s” will be safer or useful in practice.

By chance a potential source for a substituted
methyl furoate came to my attention

Many furoates are food safe and using HSPiP’s
automatic estimation, these furoates seem a
good match for DCM 17,7.3,7.1 == m__ =&

Methyl 5-Methyl Furoate 17.41 8.06
. . Ethyl 5-Methyl Furoate 17.06 7.55 5.08
— TURI is now involved e e
Butyl 5-Methyl Furoate 16.85 6.46 461

— Preliminary testing confirms DCM-like solubility

— But, of course, slower and much less volatile!
Methyl 4@8 'j Ethyl 4@37 Isopropyl 4087 Butyl 408,

0] (0]
(0] 0
o i 0 0/\ ﬁ)“\OJ\ 0 0/\/\
o ° \ \ | \

http://xftechnologies.com/technology/products/



http://xftechnologies.com/technology/products/

Smart evaporation in solvent blends

e Solvent blends allow smart tricks

e HSPiP has the RER of the solvents (or Antoine
Constants for VP at higher T)

 So we can have the best solvent evaporate
faster
— To make the solute crash out quickly

 Or we can have the worse solvent evaporate
faster
— To keep things in solution for as long as possible



A blend of CPME and ethyl lactate is a good match for the target
CPME is a worse solvent but is more volatile (RER=190 versus 22)
So the Ra (HSP Distance) stays OK through the whole process

O ‘Solvent Optimizer - o IEH
Solvent 5D 5P &H MVol  Other Names RER Weight Vol% Distance AA /A @@H o P
Cyclopentyl Methyl Ether 167 |43 43 |65 |ceme [0 10 [0 [Flez  [e917 |1 @@ 0c~ Ox
Ethyl Lactate 16 76 125 |15 2 [0 |50 |Sl274  [s0e1 |2 V] P.Ld/Sv [] NoSort
1,3 Diowolane 181 |66 |93 |639 |s00 |100 Olaes |77 |1 &l (=& O s
| Dithylene Giycol Mono... |16 |7 106 1704 |DB:2@buonethonit.[3 (100 | [Ojesr a4 2 | (DRI ﬁﬁi
Aliphatic hydrocarbons | 14 0 0 1100 1 [0 | |O)2es |68 |1 Target [ ] Show Hi-Lo
| n-Amy Alcohol 159 |59 139 1086 | n-Pentanol l148 (00 | |OJ[asy |7458 |1 | 8D &P BH BHD/A
Acetonitrle 153 |18 61 529 1230 |100 (Ol1225 [7074 [1 | 181 €5 [[10 [0000 []O/A
Benzyl Acohol 184 |63 [137  |1038 los |00 iOls91 7582 [+ [ 50 30 10 | []REDR
| Benzyl Benzoate 20 5.1 52 [1903 01 |00 | |Eszs 7499 |2 - ?:“.“‘ii
|n-Amyl Acstate 158 (33 6.1 148 &7 [0 | ||:]I503 734 |1 = 'Deha:'. :
| Aromaic hydrocarbons |18 1 3 100 1 100 [Ojses  [697% |1 037 [@6 | 87
n-Butyl Acetate 158 |37 63 1326 100|100 O|as8 o (1 s e ke
t-Butyl Acetate 15 137 & 11348 (280 [100 Cfs3s  |70m |1 18 022 | (o0 | (1000

Step Totsl 80 & O&H Ra 51 S2 | A 100 31— T ——— — . el

I 10 [164 60 [84 [18 [s00 [s00 w0 1 e || Qeetlor2+/10 | Radue 80

1 912163 |61 |87 |14 (462 |538 g | rd ] o

2 [829163 [62 [91 [11 [s20 [s80 ] o L efhc=ie |10 _[FiE: |

| | | ] | | 70 L1 1 Arm/s pm

3 (752163 |64 |94 |07 (375 (625 ] ] 10 | [100

4 |682|162 |65 |98 |03 |327 673 aa 1l 03 7me 100 [Soe v vl

5 618|162 |67 [102|03 277|723 _— 1 1117 it L1 Siow seosnotn

6 [561[162 (69 [106]07 [227 |73 1 | SSearin s

7_|5t1]161 70 [110]12 |179 |21 2 | il

8 ‘GE.? ‘lﬁ.l ‘?.2 11_4‘1_5 E‘|3.5 ‘BE.5 20 1 1 — == == —

9 (43016173 [117[18 |37 [s03 \ | e e

10 398 160 |74 (12021 |66 (934 a1 ] Wetbub %RH Dew-Port BRP

1 [371 [160 [75 [121]24 |a3 857 0 l = ' — — 169 | [500 | [138 | |60

15 947 sen 9g l4m9 g ae  lozs | Y g b i 18 = i 30 [:]MOW&UREH DPIdWet

QuiClick to disable asalvert ] Onlyusebad solventsbeyond R |Search_Text e C:\Users\Steven'\Doc..\TURI Evap sof |




Read across

Compare two molecules using their SMILES. Can then “read across” in safety terms
with whatever parameters are relevant to you
& DIY - 0 IEH
Y-MB | Stefanis-Panayiotou | Van Krevelen | Hoy | Numbers | Polymers  HSE | Azeotropes/VP | Solubility | Miscibilty | Sufactants

SMILES or InChl input Chemical 1

cco 2

SMILES or inChl input Chemical 2

(K]

CCiC)o =y
Formula C2HGD HSP Distance 4.8 Formula [C3HBO
. 8D (1562 | [m:1 iso_Pr:1 8D |15.47
OHA 2 OHAN
Using EtOH and i — i - —
Database matchies) Database matchies)
2-PrOH as an 6H (1719 | (325  Bthanol 158 88 570  2-Propanol 158 6.1 6H |12.84
—— 194 125113 164 10710 - —
example where ' '
MVol 582 MVol |75.7
you know what w863 . (G
to look for!
VP@25C 5233 | MPC |943 VP @25°C (8147 | MPT [841
RER 109 BP°C (832 RER [670 BP°C 743
Fash point |21 RI [1.371 Flash point |3 Rl [1.368
LogiOHR) -11.54 | Densty |0.791 Log(OHR) |-11.36 | Densty [0.793
we<T 5233 | Hac |3 Ve<T 8147 | HAC |4
¢ [250
log(Kseil) |0.41 log(Ksoil) |0.59
log(Kow) |-0.19 log(Kow) |0.25
log(S) 207 log(S) 1.73



EAFUS, GRAS, TURI

e HSPiP has lots of data tables, e.g. EAFUS
— Everything Added to Food in the United States

No Solvert &D P 5H Score RED MVl CAS
Acetal 15 24 4 : E 1439 |10557.7
695 | Acetaldehyde 147 125 79 . : 565  |75070
696 | Acetaldehyde DiCis-3He... | 16.1 24 45 2 : 2608  |63449649
698 | Acetaldehyde Dilsobutyla... | 15.0 34 5.1 : : 2108 |5669-090
§97 | Acetaldehyde Disoamyl A... | 15.2 32 50 : I- 2431 |13002080
699 | Acetaldehyde Ethyl Gs-3-.. |15.8 39 44 : : 2009  |2806974-1
700 | Acetaldehyde Ethyl Isobut... | 15.1 29 48 . I- [1759  |696512
10 |(+/)Acetaldehyde Bty ... |15.2 42 48 : - 1581 | 25334-934
701 | Acetaldehyde Phenethyi ... |17.3 4 49 P I- [2195 |749357+4
702 | Acetaldehyde. Buiyl Phen... | 17.2 45 47 : : 2365  |64577.919
703 | Acetamide 173 187 193 |- I- 59 60355
704 | Acetanisole 189 1.2 7 : : 1378 | 100061
705 | Acetic Acid 145 8 125 ' [s76  |64197
706 | Acetic Anhydide 16 17 102 95 108247
707 | Acetoin 162 121 182 883  |513860

dete Pemedem e alcnal 1P 474 rn

a

e e.g. GRAS but is only ~80 chemicals
e We can have TURI lists
— Started with 800+ of the MA Reportables



Rational green plasticisers

Company X had 5 “green” synthons

These could be combined in many ways to give
1000’s of possible plasticiser molecules for some
common polymers

Too many to synthesise and test

So calculated HSP, MPt, VP, etc. of each molecule
— Took 5min from a list of SMILES
Rejected all with low MPt or high VP

For each polymer could identify lowest HSP
distance

— Could then synthesise, test ... and patent!



 The best plasticiser for PLA?

Table of
plasticisers
created (mostly)
automatically
from HSPiP plus
one extra.

The phthalates
are great but can’t
be used. The
citrates are green
but are useless

A polyester is
ideal

In miniature

File Dist. Diff. Adh./Visc. ForceFit Teas HPLC IGC GC Temp. Evap. FindMols Grid DPC PowerTools Help

ITURI Plasticiser

" "

[ No.  Soivent 5D 3 5H Score RED Mol rJLs)lolis]la) .‘;"‘“‘.’%""L:“;td E =
. W 1 Polymer 1; f
221 | Dibutyl Prthalate 178 |86 41 055 |2672 T8k Bl poytactic ac (PLA)
258 | Ditryl Prinalte |76 |as a5 058 [1997 [l hdounmed [ 5hC | 185 80 7.0 6.0
275 Dhexyl Prihaiate 17 76 a6 07 |3323 e’ (o
305 | Diethyhe Phihaate Di.. | 166 |7 31 0% |35
[1219 | Acety Trethyl Cirate 166 |35 |as 102 |29 G coree (%]
1220 | Tin-Buyl Cirate 166 38 101 108|455 [] Master [ 10k [] A1
[1137 [TinBuy Acehicarate 167 |25 [74 110 |3843
313 | Dindecyl Pthalate 66 |54 |19 |- 115|553 3 4
1218 | Triethyi Citrate [65 |45 |12 - 115|243 1 =
% Polymers =
No. Polymer 50 &P &H Radius Comment Rating F~
510 | Nyion 66 174 |99 |46 |8 instart guide 1
61 |PET w2 |64 |66 |8 Instant uice 1
612 |Epoxy 174|105 |9 B Instant guice 1
613 | Polyvinylbutyral 186 44 [13 3 Instant guide 1 i
614 |Poyvinidenefluonide PVF) |17 121|102 |8 | instant quide 1
615 |Pohyphenjenecde PPO) |179 31 |85 |8 Instant guide 1 ;
616 | Polyurethane (PU) 81 [s3  [a5 s Instant guide 1
817 | Polysuiphone 1 5 6 |8 instant guide 1
518 | Polysiicone 172 3 B B3 instart quide 1
519 |Polyethersufone 19 1 8 g Instant guide 1
620 |Poyoumetniene (PON) (172 92 |38 |8 Instart guice 1
621 | Polyvinylpymolidone (PVP) | 18.1 10 [18 3 Instant guide 1
622 |CyclcOlefinCopolymer (COC) |18 |3 |2 [ instart guide 1
623 |Pojethylenewide PEO.P_ |17 10 |5 |8 |’stantguide 1
624 | Polypropylene cide (PFO. | 165 9 [7 |2 Instant guide 1
625 |Polyvinialcohol PVOH) |15 72 |78 |8 Instart guide L T ——
v
| | | | v ) :
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HSP and particles
e [llustrated with CNT

e Shake with test solvents and score from
“Happy” (on the left) to “Unhappy” on the right

e Can calculate HSP of CNT ...
e ...then predict optimized practical blends

— e.g. CNT are easily dispersed in PLA

Works for
nanoclays too.
Working with
U.Mass Lowell!

CNT “happiness” — photos courtesy Dr S Detriche, U. Namur



Diffusion for safety, environment &
practical packaging

e Diffusion across a polymer barrier (gloves,
environmental membrane, protection suit,
packaging of food or chemicals) controlled by
— Polymer (it is what it is)

— Chemical shape/size (it is what it is)
— Concentration gradient

e So a high solubility in the top 1nm means a large
concentration gradient which means faster diffusion

e So can predict glove safety, chemical protection, flavour
scalping, shipping containers, consumer packaging via
HSP



A flavour scalping example

A new juice concept was great,
but lost many of its flavour
molecules after a few weeks.

The “red” molecules are more
soluble (lower HSP Distance)
than the “green” ones so you
lose more of the red flavour
through the packaging

Real data of 20 different

flavour molecules in the juice. to0.0%

BO.O%

All the ones with small HSP
Distances were disappearing
through the walls
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Your formulations too

 HSPiP does a great job with safety-specific
guestions

e Butitis also used for many other reasons all
around the world
— Large corporations, Small companies, Single
consultants

— Polymers, Drug delivery, Environmental, Cosmetics
formulations, Organophotovoltaics, Paints,
Coatings, ...



What now?

There’s a resource pack containing this PPT, an
HSP Excel workbook, a list of links, including to
short HSPiP videos on YouTube

| am actively working with TURI to offer help,
guidance, support on HSPiP for your
community

— After the last webinar I've helped with 2 TURs!

I'm happy to answer your questions by email,
telecon or weblink

And now to your webinar questions ...
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