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Summary 
In this paper the bibliography of hydrophjlic silicones chemistry is reviewed. These compounds ha
ve an important play role in the development of technology pharmaceutical , because their knowled
ge is a key factor influencing the technological and economie development of pharmaceutical for
mulations. In this group are included the silicone surfactants than can be used to prepare emulsions 
at room temperature, and yields stable W/S and S!W emulsions with excellent appearance and opti
mum hydrating and protective properties. 

Riassunto 
In questo lavoro vengono riportati gli ultimi dati tecnici riguardanti la chimica dei siliconi idrofili. 
Questi composti giocano un importante ruolo formulistico sia per i preparati cosmetici che farma
ceutici essendo utilizzati anche come tensioattivi per emulsioni NS (Acqua/Silicone) e S/ A (Silico
ne/ Acqua). 
Tali emulsioni svolgono un eccellente attività protettivo-idratante. 
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INTRODUCTION 

This work, a continuation of two previous arti
cles on silicones (l, 2), is dedicated to the study 
of hydrophi llic silicones. 

CLASSIFICATION 

Attempts were made to modify PDMS by the 
incorporation of other organic groups so that 
they would be more co mpatib le with water 
and/or other organic media. The syntheses car
ried out have led to a whole series of modified 

organo-polysiloxanes with a wide range of pro
ducts and applications. Development has been 
spectacular due to the interesting properties for 
application obtained. Below we summarize ali 
the derivatives of silicone known to date that 
have been obtained by the incorporation of or
ganic groups via direct esterification reaction, 
hydrolyzed transesterification, or other subse
quent reaction phases that may be ionie or non
ionic (cationic, anphoter or anionic) (3). The fi
gure below aids in understanding these new sil i
cones, taking into account their hydrosolubility. 

Hydrophilic Silicones 
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Fig.l Classification of hydrophilic silicones 
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COPOLYOL DIMETHICONES 

The physical properties and usefulness of di
methicone in applications for personal care have 
been extensively recognized and applied. As 
the use of silicones has increased in the last 40 
years, the limitations of silicones, such as their 
characteristic Jack of reactivity, low compatibi
lity and low solubility both in potar and apolar 
solvents, have been progressively solved (4). 
One of the methods used to develop new silico
nes has consisted in modifying the basic structu
re of the dimethicone with organic groups pos
sessing the desired solubility or reactivity, that 
satisfy special formulation requirements, main
tain the high aesthetic and textural properties of 
silicone oi ls and, frequently, that also confer 
particular synergic properties (5). 
One aim was to find sili cone substitutes that 
would increase its solubi li ty in water and other 
polar media. The most common method to mo
dify the insolubility of silicones in water has 
been to change the structure of dimethi cone 
with polyoxialkalized substi tutes that are highly 
soluble in water. That is, the dimethicone poly
mers are substituted by methyl groups fixed to 
the siloxane chain by polyether side-chains (6). 
These side-chains are polymers of ethylene oxi
de or propylene oxide, or copolymers of ethyle
ne oxide and propylene (7). The addition of 
polyox iethylened substitutes considerably in
creases the solubility of the silicones in water. 
No rm a ll y, the a mou nt o f subunits of 
po lyox ialkaline needed to reach solubil ity in 
water ranges from a 2 to 4 ratio with dimethylsi
loxane monomer units. 
Copolyol dimethicones are soluble in ethanol 
and water, with the res ult th at they are em
ployed in non-substantive formulations for skin 
care, to which they confer the necessary proper
ties of silicones and can then be washed free 
(4). Polyoxialkalene substitutes in highly wa-

ter-soluble dimethicone copolyols provide them 
with a solubility ratio inversely proportional to 
the temperature. That is, as the temperature in
creases, their solubility in water decreases (8). 
This reaction is due to the fact that, at low tem
peratures, the polyether groups are hydrated and 
therefore the molecule dissolves. At higher 
temperatures, the po lyether group hydrogen 
bonds break, the surfactant becomes insoluble 
and turbidity results. 
This property can be used during the manufac
ture of cosmetics as, above the turbidity point, 
these products act as anti-foaming agents, while 
below it, they act as foaming agents. This cir
cumstance is well documented with regard to 
propylene glycols, in which, at a given concen
tration, the temperatures of phase separation 
drop as the mo lec ul ar weight increases. 
Polyethyleneglycols, in contrast, do not possess 
this inverse relationship between solubility and 
temperature, although it does occur in all the 
water-soluble dimethicone copolyols (9). Wha
tever the polyoxialkalene substituted, polyethi
lene glycols solidify at room temperature when 
their molecular weight exceeds 600. The addi
tion of polyethilene glycol to a PDMS results in 
a viscous fluid (400 cP) at room temperature. 
Thi s effect is obtai ned by incorporating the 
polyethileneglycol as various smaller subunits 
in a polymeric silicone structure (10). This ba
sic PDMS structure is characterized by its ex
ceptional mobility, which makes it remain fluid 
at high molecular weights ( 11 ). 
Nonetheless, there is a wide range of possible 
copolyol dimethicone molecules spanning from 
fluids like water to waxy-looking solids at room 
temperature, basically depending on the mole
cular weight of the polysiloxane chain and on 
the degree of substitution of the polyoxiethile
ned chains. Moreover, other properties such as 
surface tension, solubil ity, turbidity point, foa
ming action and the generai properties of silico
nes given by their basic structure, are determi-
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ned by the indices of the n, m, x or y polymers 
(see figure). The combination of these parame
ters allows us to obtain distinct properties for a 
whole range of copolyol dimethicones, where 
the ratio of OE/OP will also influence the hy
drophillic/lipophillic properties of the dimethi
cone copolyol (12). The higher the percentage 
of propylene oxide in the polyether group, the 
better its compatibility with oils. In contrast, the 
higher the proportion of ethylene oxide in the 
polyether group, the more hydrophillic the di
methicone copolyol. The combination of hy
drophillic and hydrophobic properties in silicon
glycols is a requirement for obtaining surfactant 
properties. 
Although aqueous solutions of copolyol PDMS 
produce abundant foam, the height and quality 
of the foam are insufficient for them to be con
sidered as primary surfactants in dermocosmetic 

-

applications. They can be used as transitory 
defoaming agents for products that, for exam
ple, foam when cold and are packaged hot to 
avoid the problem of foaming during packaging, 
particularly if it is under pressure. 
These organo-modified silicone derivatives ha
ve been shown to diminish eye irritation caused 
by anionic surfactants. The compound is a non
ionic surfactant. The relative affinities of the 
molecules can be established in order to form 
anything from emulsions of water in oil or wa
ter in silicone, to certain tactile properties for a 
non-greasy, soft feel, to emulsions of oil in wa
ter. Copolyol dimethicones can also act as resin 
modifiers in formulations of hair sprays, as hair 
sprays incorporate sticky resins that become fra
gile and inflexible, with no means of elimina
ting the stickiness and improving the plasticizer 
leve!. 
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Fig.2 Chemical srructure of dimerhicone copolyol with erhylene oxide and propylene oxide 
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Two areas of increasing use are anti-perspirants 
(together with cyclomethicones) and creams and 
lotions for skin care. Nonetheless, the potential 
of copolyol dimethicones as anti-irritants could 
extend beyond persona! care products to include 
such products as shampoos and soaps. These 
versatile silicones can also be incorporated in 
mild or strong liquid detergents, generai-use 
cleaners, floor-cleaning products, liquids for 
car-washing and products for generai cleaning. 
The anti-irritant properties of these silicones is 
currently spurring research to solve serious irri
tant problems caused by cationic substances, 
perfumes, sunscreens, anti-perspirant salts, a 
myriad of acids and bases, topica) medecines, 
and other chemical products producing adverse 
reactions in contact with the human body (1 3). 
Finally, there is another class of copolyol di
methicone that acts as a highly effective non-io
nie surfactant at low concentrations. The hy
drophobic part of these short-chain, low-visco-

IH3 CH3 

I 
H3C-Si --O i-o 

!H3 
tH3 

sity silicones is a dimethyl/trimethyl siloxane of 
low molecular weight that is a poor lipophillic. 
The result is moisturizing without the solubili
zation of lipids. 

HYDROPHILIC AMINOSILICO
NES 

These products appeared from the substitution 
of methyl groups by organic aminofunctional 
units. There are two types of aminofunctional 
silicones, according to whether the alpha and 
omega positions of the linear PDMS have al
coholic groups (amodimethicone) or methyl 
groups (trimethylsililamodimethicone). These 
silicones form an emulsion with a neutra! or sli
ghtly acid pH, where the polar aminic groups 
have a strong effect on the fixing properties of 
these organically modified siloxanes, particu
larly on protein surfaces such as the hair. 
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Fig.3 Chemical structure of hydrophilic aminosilicones 
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The durability, substantiveness, and resistance 
to wash-off of the aminofunctional silicone 
polymer varies according to the percentage of 
antina in the molecule and to the degree of poly
merization. Certain studies report that, the hi
gher the polymerization compared to the num
ber of antinic groups, the greater the substantive 
and fixing properties on the hair, with no accu
mulation phenomena. Although the two types 
of silicones have a similar degree of capillary 
fixing, their styling and permanence effects are 
distinct. Thus, amodimethicones, or reactive 
PDMS-aminics, have greater capillary sprea
ding due to the hydroxyl radical, which is very 
reactive. In emulsion they are very stable, but 
when the emulsion is broken on the surface of 
the hair, the silano! groups internet to form the 
siloxane structure: 
These long, spira] chains previde a Iong-lasting 
fi lm resistant to washing, even more so than the 
homologous antinic silicone. As described abo
ve, both silicones are provided and studied as 
non-ionie emulsions. Given the basic nature of 
the amino groups in these aminofunctional sili
cones, the polymers develop a positive charge 
(which in theory is what bonds itself to negati
vely charged particles of the capillary keratin), 
which has a neutra! or slightly acidic pH (14). 
Therefore, in most cases they are incompatible 
with the use of anionic surfactants, but very ef
fecti ve or synergic with cationic or non-ionie 
elements. The conditioning functions of the 
two silicones are influenced by the different 
groups in the alpha and omega positions, which 
also deterntine other characteristics. Trimethyl
sililamodimethicones (TSA), for instance, are 
less reactive and therefore more compatible 
with a wide variety of formulations. On the 
other hand, the droplet size is smaller in amodi
methicone emulsions, making them more stable 
in certain formu lations. 
Since these silicones are ever more important as 
additives is hair-care products, many tests have 
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been carried out on their safety and environ
mental impact. 

SURFACTANT SILICONES 

Modem techniques of manufacturing silicones 
and organo-modified derivatives of silicones 
open up new vistas of potential applications for 
these W/O formulations (15-1 8). Thus, new io
nie, non-ionie and anphoter silicone surfactants 
have appeared, ali applicable in both hair-care, 
capill ary products and sunscreens. They can be 
classified as follows: 

NON-IONIC SURFACTANTS 

A certain portion of alkilic radicals have been 
added to polyether-polysiloxane (copolyol d i
methicone), leading to the production of excel
le nt W/O surfactants. The most outstanding 
characteristic of these copolymers are the hy
drophillic and lipophillic side groups fixed to 
the siloxane backbone via a Si-C bond. The re
sult is a siliconic derivative generically termed a 
copolymer-polyalkil -polys iloxane or alkildi
methiconecopolyol. In the W/O interface of an 
e mul sion wi th an external o il phase, these 
polyalkil-polyether-polysiloxanes seem to place 
themselves such that the hydrophillic groups of 
polyether are dissolved in the water phase and 
the alkilic groups in the oil phase. The siloxane 
units lie between them, as at a particular length 
they are neither hydrosoluble nor liposoluble . 
In fact, we could speak of a triphase system: 
water/silicone/oil. This type of emulsion produ
ces W/O or W/Si emulsions with different vi
scosities, depending on the percentage and type 
of the o il phase ( 19, 20). 
These copolymers are generally soluble in oil 
and have low HLB values, which makes them 
particularly suitable as surfactants for emulsions 
with an external oil phase or as secondary or co
surfactants in W/O emulsions. Emulsions pre-
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pared with alk.il-dimethicone-copolyol have a li
ghter, less greasy and non-waxy feel in compa
rison with conventionaJ W/O systems (21 ). Ap
propriateJy formulated, these products neither 
separate nor lose viscosity. Emulsions formula
ted with these surfactants are white and shiny, 
but Jack a waxy appearance (22). 
These emulsions can be economica! thanks to 
their high water content and the possibility of 
manufacturing them at room temperature when 
there are no solid elements requiring prior mel
ting (23). A small amount of eJectroJyte in the 
aqueous phase is needed for these emulsions to 
increase thermostability. This addition is com
mon in ali W/O formulations in order to stabili
ze them (24-25). Yegetable oils can be used in 
proportions of around 5% or at concentrations 
that do not vary or affect the physical stability 
of the emulsion. Co-surfactants such as gli
ceryl-sorbitan-isostearate must usually be added 
in order to incorporate vegetable oils. 

IONIC SURFACTANTS 

PDMS are generally considered to be chemical
ly inert compounds, so that the simple substitu
tion of the methyl groups bonded to the silica, 

for example via oily alcohols or polyesthers in 
the sense of a nucleophyllic reaction, is not fea
sible. For the synthesis of modified organic 
PDMS, it is necessary to use reactive siloxanes 
containing halogen atoms, alcoxy groups, or hy
drogen atoms with a silica bond beside the 
methyl groups. These siliconic derivatives are 
obtained from epoxy siloxanes (reactive com
pounds) and by the reaction with appropriate 
nucleophiles (26). 
Anionic siloxanes can be obtained by the che
mical transformation of epoxy siloxanes with 
sodium s ulphi drate or sodium thiosulpha te. 
Although the corresponding sulfonates have no t 
found an application in cosmetic preparations as 
yet, silicone thiosulphate are extremely impor
tant in the most recent tests on application tech
niques in capillary treatments. The synthesis of 
cationic and anphoter si loxanes is obtained from 
secondary amines and via reaction with epoxy 
siloxanes (reacti ve). The intermediate terciary 
aminosiloxanes obtained can, in tum, be chemi
cally transformed into silicone betains with so
dium chloroacetate. In the presence of acids su
ch as acetic acid, the terciary amines break the 
epoxydic circle, generating the silicone quats. 

OH 
+ NaHS03 I 

.Si"-J CH-CH2-S03Na 

OH 

I 
/\ 

.Si ~ CH-CH2 _ 

.Si~ CH-CH2-S2 0 3Na 

Fig.4 Che mica/ structure of a11io11ic siloxanes 
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ANIONIC SURFACTANTS 

Anionic surfactants are obtained via the substi
tution of thiosulphate-sodium alylglicidilether 
for a methyl from the siloxane unit. This substi
tution can be made in the methyl and/or or in 
the side methyl position of the polymer chain, 
producing linear silicone or combl ike thio
sulphate, respectively. These silicone salts be-

CH CH3 Cl H3 
I 3 I 

CH -Si-O Si-O Si-CH 3 

I I I 
3 

CH3 CH
3 

CH3 

n 
Fig.5 Chemical structure of PDMS 

long to the group commonly known as "Bunte 
salts". This polyorgano-thiosulphate-polysiloxa
ne can be dispersed in water, forming translucid 
dispersions in which the amount of siloxane 
monomers with respect to the tiosulfates deter
mines the degree of transparency of the solu
tion. In addition, it can be dispersed in isopropyl 
myristate and liquid paraffin, and is soluble in 
propylenglycol and glycerine. 

CH OH 
I 3 I 

R-N-CH -CH-CH -0-(CH ) 2 2 2 3 

I 

CATIONIC SURFACTANTS 

Cationic surfactants are also known as silicone 
QUATS or Polyquaternium. These surfactants 
have two drawbacks: 1) their low solubility in 
water, which limits their use to formulations in 
sprays or with a high alcohol and/or oil content; 
and 2) their cationic nature makes them incom
patible with anionic surfactants. 

The first drawback can be solved using a co
polyol dimethicone as the siloxane backbone, to 
which the cationic radical is incorporated. It 
can also be solved by decreasing the molecular 
weight of the siloxane polymer with respect to 
the alkilic radical of the cationic part, taking ad
vantage of the low surface tension of polydi
methylsiloxanes that makes them easily disper
sible in water. The second drawback is solved 
by using diquaternary aminas or iminas. 
Amphoter surfactants 
Amphoter surfactants are termed siloxane betai
nes or propyl-pg-betaine dimethicones. The 
reaction of PDMS with secondary amines gives 
rise to terciary amine siloxanes that can be ma
de to react with Cl-CH2-C02-Na amphoter sur
factants, producing amphoter surfactants with a 
siloxane lipophilic chain. These organo-modi-

-

CH3 - - n 

Fig.6 Chemical structure of silicone quats or polyquaternarium 80 
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fied derivatives are soluble in water up to 10% 
and therefore cause no problems on being incor
porated to the distinct form ulations they are 
used in (27-29). 
The world of silicones is so wide and changea
ble that it is constantly evolving, and so the 
classification of these organo-modified poly
mers cannot be considered to be definitively 
closed (30). 
Almost everyday new products of the PDMS 
group appear in the market. It can be said they 
are the compounds of the future. 
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