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PHYSICO-

CHEMISTRY

FORMULATION

MODELLING

THE HT-SMARTFORMU PLATFORM

PERFORMANCES

THE HT-SMARTFORMU PLATFORM Bâtiment CHEVREUL –
Cité Scientifique
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 Carl Neuberg (1916) : organic salts like sodium benzoate or salicylate contained in urine are

responsible for the solubilisation of hydrophobic compounds in water

 McKee (1946) : extension to small non-ionic amphiphilic compounds able to  the solubility of oil in

water through aggregation

 Solvo-surfactants (Kunz 2004) = Volatile & NI hydrotropes = Amphiphilic solvents

1) Short chain glycerol 1-monoethers: new class of solvo-surfactants. Queste at al. Green Chem., 2006, 8, 822. 2) Dowanol DPnB in water as an example of a solvo-

surfactant system. K. Lunkenheimer, W. Kunz, Prog. Colloid Polym. Sci., 2004, 126, 14.

Main features of hydrotropes:

  the solubility of organic molecules in water

 Small molecules more or less hindered

 Slightly amphiphilic 

 Destabilization of LC phases

 Solvo: high volatility and solubilizing capacity of solvents

 Surfactant: surface activity and self-aggregation
n

OH

OH
O

OH

n m

N+

Cl-

Tetraethyl ammonium chlorideSodium xylene sulfonate

1,2-Alkanediol (n  6)
PPG monoalkyl ether

(n  6, m  4)

SO3Na

HYDROTROPES AND SOLVO-SURFACTANTS
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MAIN FAMILIES OF HYDROTROPES

V. Molinier et al. « Sugar-based hydrotropes: preparation, properties and applications », Carbohydr. Chem., 2014

AROMATIC

ALIPHATIC

OTHER
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EXAMPLES OF REPORTED HYDROTROPES

NATURELS BIOLOGIQUES BIOSOURCES
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AQUEOUS BEHAVIOUR OF HYDROTROPES

i and j   Amphiphily 
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Hydrotropes & Solvo-surfactants

 agreggation = ? dimers, trimers, weak interactions

“True” surfactants

 micelles then liquid crystals

Low amphiphile Medium amphiphile Strong amphiphile
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MECHANISMS OF SOLUBILIZATION OF HYDROTROPES

Amount of hydrophobic

compound solubilized

[Amphiphile]

CMC MHC

Hydrotropic solubilization

Micellar

solubilization

Thermodynamic considerations 

Fluctuation Solution Theory (FST) 

3 Hypotheses

 Self-aggregation of hydrotrope molecules

 Modification of the water structure by hydrotrope

 Formation of hydrotrope/solute complexes
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Patel et al., Science 356, 753–756 (2017)
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AQUEOUS PERFUMES
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b-Pinene

Methyl cedryl ether

b-Ionone

Linalool

Ethanol

Water

Fragrance

(Almost) no structuration !

Nano-droplet formation in fragrance tinctures. Kunz et al. Flavour Fragr. J. 2013, 28, 294–299

Fragrance classification:

 Perfume  15 – 40 wt.%

 Eau de Parfum  10 – 20 wt.%

 Eau de Toilette  5 – 15 wt.%

 Eau de Cologne  3 – 8 wt.%

 Aftershave  1 – 3 wt.%

o Perfumes = complex mixtures of fragrances dissolved into alcohols

14

FRAGRANCE SOLUBILIZATION IN ALCOHOL

2 phase-region



WHY A NEED FOR ETHANOL-FREE SYSTEMS?

o European VOC legislation (Council Directive 1999/13/EC)

 Replacing or, at least, reducing volatile organic compounds

o Practical concerns linked to EtOH:

 Alcoholic odour

 Drying action on skin & hair

 Irritation

 Generation of free-radical damages

 Active research is being conducted by industry to offer new compositions for new markets driven by public

health and environmental reasons  WATER

Phase separation !Unfavourable contact between surfaces of 

different polarity 15



HOW TO SOLUBILIZE FRAGRANCE IN WATER? 
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C12E5

- Very efficient

- Quite cheap

- Biocompatibility

- Volatility (VOC)

- Odor

- Quite efficient

- Semi-volatile

- No LC formation

- High CAC (cost, tox)

- Efficient

- No solvent

- Residues

- Skin irritation

- LC formation





Molecular HydrotropicMicellar

Co-solvents NI HydrotropesSurfactants






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
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+

FragranceWater Microemulsion

o Types of microemulsions (Winsor systems)

o Main features of microemulsions:

 Submicronic dispersion

 Spontaneous formation

 Thermodynamically stable

 Clear solution

 droplets = 10 – 50 nm

 Low viscosity

 Very low w/o gint (10-2 – 10-4 mN/m)

?

17

HYDROTROPE/FRAGRANCE/WATER MICROEMULSIONS

T*

C*

 T* reflects the hydrophobicity of the oil

 C* expresses the efficiency of the amphiphile

 C* of hydrotropes >> C* of surfactants !



18

HYDROTROPE/FRAGRANCE/WATER MICROEMULSIONS

Volatility

No 

residue

High 

solubili-

sation

(≥ 5%)

Stability in 

temperature

(5 – 50  C)

Transparent 

system

No 

fragrance 

alterations

Biocom-

patible

Fluid

(no LC)

Low % of 

amphiphile

( 10%)

No 

greasy feel

Non 

toxic

Non 

irritant
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

Methylated monoalkyl

glycol ethers

Cn01 & Cn10



Monoalkyl

glycol ethers

CnEm

O
OH

n m

n = 4 to 6 m  4



Monoalkyl isosorbide

ethers

CnIso

O

O
O

OH
n

n = 3, 4, 5

n = 3 à 5


Monoalkyl glycerol

ethers

CnGly

O

OH

OH
n

n = 3, 4, 5

O OH
OCH3

n

CHOICE OF HYDROTROPES

1) Solubilizing and Hydrotropic Properties of Isosorbide Monoalkyl and Dimethylethers. Durand et al. J. Surf. Deterg. 2009, 12, 371. 2) Volatile short-chain amphiphiles

derived from isosorbide: esters vs. ethers. A. Lavergne et al. RSC Adv. 2013, 3, 5997. 3) Hydrotropic properties of alkyl & aryl glycerol monoethers. L. Moity et al. J.

Phys. Chem. B. 2013, 117, 9262.
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C6E4 > C5Iso > C4Iso > C6E3 > C3Iso > C710 > C701 > C5Gly > C4Gly - C610 > C601 > C510 > C501 > C410 > C401 

VOLATILITY OF HYDROTROPES
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Water/Citronellol = 50/50 10% Citronellol

B
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F

A

C5Gly/Citronellol/water

Structuration 

in the one-phase region

SELF-AGGREGATION OF THE HYDROTROPES

 Fragrance  

citronellol

2-phase region

 C5Gly    C5Gly  

At the limit of demixion

water

C5Gly
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0%

5%
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15%
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25%

-11,4
-1,8

-0,4
2,1

7,3

%
 S

D
S

Hydrophobicity (EACN)

o Hydrotrope + Anionic surfactant = Synergy   of the hydrotrope and surfactant amounts

% SDS required to solubilize 10% of fragrance with 10% of CnIso

Note: 40% of CnIso required to 
solubilize 10% of fragrance
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SYNERGY BETWEEN HYDROTROPES AND SURFACTANTS



FORMULATION OF WATER-BASED FRAGANCE SYSTEMS

g-undecalactone

cis-3-hexenyl acetate

hexenyl cis 3 benzoate

eugenol

b-ionone

g-methylionone

benzyl propionate

benzyle acetate

hedione HC

iso-g-super

cis-3-hexenyl salicylate

vaniline

Perfumes in the form of aqueous microemulsions. O. Boucenna Verdier, V. Rataj-nardello, Jean-marie Aubry, G.Douyere, C. Mainguy WO2018220147A1

Clear and fluid water-based

fragrance microemulsion

stable from 5 to 50 °C

5% hexylene

glycol
5% propylene

glycol

23

Reformulated perfume (P)



o Nonionic hydrotropes derived from ethylene glycol, glycerol and

isosorbide

o Strong synergy when combined with surfactants

o Decrease of the amount of hydrotrope by a factor up to 5

o Formulation of green, transparent, fluid, volatile and stable

fragrance-in-water microemulsions containing high amounts of

fragrances

o Possibility of mono-, bi- and triphasic systems (Winsor)

o Very promising systems for various domains where aqueous 

solubilization of hydrophobic compounds is desired (e.g. window 

cleaners)
24

FORMULATION OF WATER-BASED FRAGANCE SYSTEMS
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Solubilization = 

prerequisite for extraction

Extraction of CA from

rosemary with

maximum recovery

0

10

20

30

40

50

0 10 20 30 40 50

S
C

A
(g

/L
)

C (Amphiphile) (%)

Tween 80 SXS

Solubility 

limit

C4Gly
C4E2

Objective 

Stirring 24h, 25 °C, pH 2

Common 

plant/solution ratio: 

1 g / 10 mL

Rosemary 

leaves: 

2.7 % CA

 Solubility required: 2.7 g/L

Solubility curves of CA

  

C
4
E

2
S

X
S

  

Mazaud, et al., ACS Sustain. Chem. Eng., 2020, 8, 15268–15277.

HYDROTROPIC EXTRACTION OF CARNOSIC ACID
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Nonionic hydrotropes

Monoalkyl glycerol ethers
(CiGly)

Alkyl polyethylene glycol 
ethers (CiEj)

Alkyl polyglycosides
(CiGlyco)

Ionic hydrotrope

Alcohols

Sodium xylene
sulfonate (SXS)

ij

C4E1

C4E2

C4E3

iC5E2

C5E2

C5E3

C6E2

C6E3

C6E4

iC4E1

Surfactants

iC5Xyl

C7Glu

C4Glu

C6,-2Glu

C8/10Glyco 
(C8Glu, C10Glu, C8Xyl, C10Xyl) 

C8E3, C8E4, 

C10E4, C12E4

iC5Gly

C5Gly

C4Gly Ethanol

Propanol

Butanol

Other amphiphiles 

for comparison

INVESTIGATED HYDROTROPES
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Kinetics of extraction 

Kinetic (< 8h):     C4E1 < EtOH < C5E2 < C5Gly < iC5Xyl < SXS 

Efficiency (48 h): EtOH < C5E2 < C5Gly < C4E1 < iC5Xyl < SXS 

0

0,5

1

1,5

2

0 10 20 30 40 50

C
C

A
(g

/L
)

t (h)

iC5Xyl

C5Gly

C5E2

C4E1

EtOH 96 %

SXS

Hydrotrope (10 mL)

30 wt.% 

Rosemary   (1 g)

Whole leaves

S/L extraction 
Rotative stirring (48 h, 25 °C)

CA dosage 

(HPLC)

Büchner filtration

30 %

DIFFUSION THROUGH THE PLANT CELL BARRIERS
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Solubility curves
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)
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C

RA

UA

MA

Stirring 24h, 25 °C, pH 2 

HPLC UV, ELSD or GC-FID analysis

Rosmarinic acid

(RA)

Camphor (C) Stearic acid

(SA)

Myristic acid

(MA)

Carnosic acid

(CA)

Ursolic acid

(UA)

Influence of the solute

0.8 2.1 5.4 5.8 7.8 8.7

iC5Xyl

Sigmoïdal ↗ with Chydrotrope

Solubility ↘ when log P ↗
MHC ↗ when log P ↗

Solutes

Solubility enhancement

coefficient

Minimum Hydrotropic

Concentration (MHC)

Solubility in water (g/L)

SELECTIVE HYDROTROPIC EXTRACTION

log P
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Selectivity of iC5Xyl
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SELECTIVE HYDROTROPIC EXTRACTION
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Composition of 

a dry extract CA and iC5Xyl 

major compounds

Di/triterpenes ratio 

in extract >> 

rosemary

Extraction 

22.5 wt.% iC5Xyl, pH 2

25 °C, 30 min, 250 rpm

Precipitation

stirring 30 min, 350 rpm, 

resting 30 min

0,8
1,7

0,7

4,5

3,3

Composition of 

rosemary

(g/100g)

Flavonoids (0.1)

Pigments (0.1) RA (0.4)

Fatty acids (1.9)

Triterpenoids (1.7)CA 

derivatives

(6.5)

CA (17.0) iC5Xyl (19.2)

Flavonoids

Hydroxycinnamic

derivatives

Volatiles
Diterpenes

Triterpenes

Tri and diterpenes: 

major compounds

Removal in three

washings (water)

SELECTIVE HYDROTROPIC EXTRACTION
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