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L. introduction

Many kinds of surfactants are used in very
large amount in our daily life. In industry,
many more kinds of surfactants are utilized 1in
- large quantities. Food, fabrics, plastics, engin-
eering, architecture, mechanical engineering,
mining, paper industry, electronics, drugs, agric-
ulture, and so on can be listed as users. Thus,
as a key technology, surfactants have been
playing a quite important role in almost all in-
dustries as well as in our daily life. Actually,
new technology or new process almost could
not be developed without the contribution of
surfactants. For a certain period in the past,
however, the surfactant chemistry and industry
had been considered to be fully matured, and
the required performances in those industries
were usually obtained by blending the estab-
lished surfactant components. |

However, nowadays, the circumstances sur-
- rounding surfactant industry are changing.

Especially, surfactants are particular chem-
icals since they are usually discharged into ef-
fluent after use in various industries or our dai-
ly life. The amount of these surfactants has
reached considerable level affecting the hydro-
sphere environment. They should also be hygi-
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enically safe since they are often directly ap-
plied to human body or hair.

From the points of environment(atmosphere,
hydrosphere, safety for human body, and so on)
and the necessary replacement of raw material
of surfactants, from petro—chemical material to
oleochemical material, investigations on the de-
velopment of environmentally acceptable surfac-
tants and also those having higher performance
are becoming active. For these purposes, stud-
ies on the correlation between molecular struc-
ture and surface activity are also brisk. And
studies to develop high performance surfactan-
ts as well as novel surfactants which have new
functions by introduction of new concept are
activated. Moreover, the possibility of establis-
hing new high technology itself besides the tra-
ditional auxiliary key technology have come
into existence.

The surfactant industry is plunged into a new
era and is one of the busiest fields among chem-
ical industries, possessing an actively develop-
ing mind.

II. Development of high performance and
new functional surfactants

Generally, the kind of hydrophilic group, the
kind and the shape of hydrophobic group, and -
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hydrophile-lipophile balance(HLB) can be
enumerated as factors affecting the physical
properties of surfactants, Recently, some effor-
ts to prepare novel amphiphilic compounds with
new functions by adding some molecular mod-
ifications, besides adjustment of the fundamen-

tal factors, have been reported.

1. Amphiphilic compounds with mutti-chain
and multi-hydrophilic group
1) Gemini Surfactants
High performance surfactants which dispfay
superior activity by a smaller quantity in use
are important from the point of improvement of
productivity in industries where surfactants are
used, as well as the points of resources and en-
vironment” . Recently, many works worthy of
notice on these high performance surfactants
are reported. .

Gemini Surfactant

\ !

-
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O : binding group Gemini Surfuctant (example)

Scheme 1.

Multi-chain and multi-hydrophilic group sur-
factants(double chain and double hydrophilic
group surfactant : Gemimi Surfactant, Scheme
1), which are formally synthesized by binding
two single-chain and single—hydrophilic group
surfactant with a proper linking unit, display a
superior performance which can not be expec-
ted from the correlation of the structure and
property of single-chain and single-hydrophilic
group surfactants”. Double-chain and double-
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hydrophilic group surfactants prepared from
diepoxide form micelles at an extremely low
concentration in aqueous solution, show su-
perior surface-tension lowering ability, and
have good water solubility compared to the con-
ventional single-chain and single-hydrophilic
group surfactants(Table 1, compound 1)”. By
analysis of the behavior of insoluble monolayer
film on water concerning a series of double-
chain and double~hydrophilic group surfactan-
ts, it was known that the structure of linking
unit affects the surface properties of these com-
pounds"). Triple-chain and double-hydrophilic
group surfactants derived from N-acyldiethan-
olamine and 1-O-alkyl glycerol surpass double-
chain and double-hydrophilic group surfactants
in surface activity.

OS03Na
R-O
/\( .
R-0 \L OSO:Na

Meanwhile triple-chain and triple-hydrophil-
ic group compound derived from 1,1,1-tris
(hydroxymethyl)ethane shows characteristic
aggregation and adsorption behavior, which is
converse to the relation of hydrophobic chain
length and critical micelle concentration recog-
nized in the case of conventional surfactants®.
From the comparison of the »—A isotherms of
insoluble monolayer film of the triol derived
from tris(hydroxymethyl)ethane and epichlor-
ohydrin and those of the triol derived from
1-O-alkyl glycerol and epichlorohydrin, it was
disclosed that in the former compound, a small
difference in the structure of the linking unit
(additional one methylene group) forces the
hydrophobic chain to adsorb onto the water sur-

_2.._.
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Table 1. Fundamental properties of gemini surfactants

Compound Thp CMC pCas Ycme Foam(ml)
() (mM) (mM /m) 0’ 5 307
1 R=CiwHa <D 0.013 - 27 — -~ -
Y=0C2H4O
1 R=CioHz <0 0.035 — 39 - - -~
Y=p —0CsH1O
n-CizHs0S0:Na <0 16 ~ 39 —~ — ~
" 2 R=CiHsz <0 1.07 3.2 35 280 - 270
2 R=CisHss <0 0.014 5.3 37 100 - 10
RN(CH3)sCl <0 12 2.6 39 20 - 0
13 R=CuHz <0 0.090 — 27.5 270 270 -
CuH2=CO:2Na 19 20 0 37.5 200 190 -

Tep : Krafft point, CMC : critical micell concentration, YcMmc : surface tension at CMC

face less easily.

2) Oligomeric ammonium compounds with

multi-chain and multi~hydrophilic group

Two moles of alkyldimethylamine or dial-
kylmethylamine, one mole of hydrogen chlor-
ide, and one mole of epichlorohydrin react
under mild conditions to give bis—ammonium
salt 2 almost quantitatively. This compound 1s
also a gemini surfactant and has high solubility
in water, extremely low CMC, and good %Ycmc.
Interestingly, some of this kind of surfactants
show very high foaming ability and very high
foam stability, while usual cationic surfactants
show quite low foaming ability(Table 2)%. This

-+ +
Me—l‘il /\‘/\I;I-—-Me - 2C1—

Me OH Me

property is sensitive to the HLLB or the chain
length of compound 2.

Tris— and tetrakis ~ammonium salts(Compoun-
dsll and IV) and the corresponding amine-am-
monium salts were synthesized rather easily by
multi-step process. Their surface active prop-
erties and adsorption behavior on solid surface
are shown in Table 3 and Figure 17.

The oligomeric amines corresponding to am-
monium salfs I, I, and I showed interesting
n~A isotherms. Although dodecyldimethylam-
ine showed no pressure on compression of the
film, all the oligomeric dodecylamines formed
liquid expansion films. And the collapse press-
ure of the films was higher than that of stear-
vildimethylamine, showing that the interaction
between lipophilic groups became very large by
connecting monomeric amine molecules” .

The CMC lowered with the increase of the
linking number, tetrakis—ammonium salts show-
ed quite low CMC(Table 3). The amount of salt
adsorbed on felt increased with the linking num-
ber up to 3, while that of the tetrakis—am-
moniurn salt is lower than the tris-homologue
(Figure 1).

_....3___.
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Tabie 2. Surface—activé properties of bis-alkyldimethylammonium salts at 20
Compound Kraff 4 yemc? CMC(M)? c Foam(mL)*¢
po R point(€C) (mN/m) Lz 0’ 30
CioHa2 <0 36.5 3.2x107° 2.9 40 0
Me Me (280 0)¢
+ + -1
NR - 2CI° CizHzs <0 37.0 7.8%10 3.2 280 270
| | CuHazs <0 39.0 1.4x107" 4.4 270 270
Me OH Me CieHas <0 42.2 1.9x10™° 53 100 10
CisHz» —€ —¢€ —€ —€ 0 0
N CwHa/ 6.1Xx107°
RNMes - C1~ CizHas” <0 39.0 1.2x107¢ 26 20 0
CisHas/ 1.3x1073

: Surface tension : Wilhelmy tensiometer

: at 1 wt% aq. solution
: not evaluated.
:reported values,

“ 0 R >R

150

Adsorption(x107° Neg. /g-felt)

Compound

Experimental conditions

o conc, of surfactant : 1X10°M
ofelt : JIS-R28W

o adsorption : at 50¢C for 12h

o No, of experiment ' 5

: Krafft point : by the naked eye, 1 wt% aq. solution

: Foam property : semi-micro TK method, 0.1 wt% aq. solution

R

I =-NY'N-.-2X"-
1 OH]

442

I “N“Y'N~Y"N--3X~
I OHI OHl

R

i} -N"-"NYN\"N-—' 4X~
OH! OH! OH!

3

N -N-.

3 +2

YV =«NY'N-.2X—

X~ : CH30SOs

X—:C~

M IRYN~-N--2x-
' OH OHl

87T

-NY "N Y"N*Y"N=-- 2X
' OH OH OH!

Fig. 1. Adsorption of oligomeric ammonium and amine—ammonium saits on solid surfaée(dodecyl

derivatives)

Cationic gemini surfactant containing amide
moiety in its lipophilic chain® can be considered
to be gentle to the environment. This kind of
surfactants also have good water solubility,

very low CMC, very good surface tension low-
ering ability, and quite high foaming ability and
foam stability depending on the length of lipo-
philic chain compared with single-chain

.__4_
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Table 3. Surface-active properties of oligomeric ammonium saits
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at 20C
Compound Kraff ¢ vemce? 5
{(dodecyl derivative) point(C) (mN /m) CMC(M) pCa
+§ - - ~¢ 1.3x107% 2.34
|
" é n % <0 29.1 9.8x107" 4.6
—_NY"N—-2X~
| OHI
+§ +§ +§ - 32.0¢ 0.7%107%¢ 5.4
—NY TN TN~ 3X" ‘ ' :
1 ol oHI
+ g 34.0 ¢ 4.5%107%°¢ 5.8

~ N YN Y TN TY TN— - 4x ™

Il OH] OHII OHI

— : CHsOSOs ™

: Krafft point : by the naked eye, 1 wt% aq. solution

: not reported,

X
a
b : Surface tension : Wilhelmy tensiometer
c
d : reported values, at 25T

e

: The solution was clouded at 1 wt% aq., but the surface tension was measured in the range of
concentration in which the solution was clear by dilution,

single -hydrophilic surfactant 4(Table 4)".

More environmentally friendly cationic gem-
i1 surfactants are those which contain an ester
group in each lipophilic chain{Compounds 5, 6).
Those shown in Table 5 have the same lipophilic
chain length but contain an ester group in the
different position in the chain. Quite iteresting-
ly, the position of the ester group in the chain
has very large effect on CMC and Youc”.

Linfield synthesized a series of double~chain
nonionic surfactants 7, and reported that nonion-
ic surfactants 7 have good water solubility and
strong wettability, and are effective as soil wet-
ting agent'’. As can be seen in the case of sur-
finol(2,5-dialkylhex-3-yne-2,5-diol and its
ethoxylate), it has been known that double-
chain and double-hydrophilic group surfactants

display good wettability., These compounds,
however, are usually composed of shorter
hydrophobic chains and smaller hydrophilic
groups than gemin surfactant,

JC*Q_\OH
I
R —N
O

Y)=
=0

R——N

n
L{/O) OH
7
( R : 3-heptyl, octjrl, 2-ethylhexyl )
~Y- : -(CHz)n~, —-CH=CH~-, ~N(CHz2)2N-

.._5_.,_,
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Table 4. Surface active properties of bis-amido-ammonium surfactants

20.1 wt% aqueous solution. at 20C

Compound R Krafft point CMC YCMC Foam(mL)?
PO (e) (mM) (mN/m) 0 10
3a CsHio <0 1.2 33 40 0
3b CuHz <0 0.19 33 260 240
3¢ CisHz <0 0.010 33 270 260
3d CisHa 17 0.0048 33 30 10
4 CuHz <0 6.1 35 20 0

R R

| [
C=0 C=0 O CHs

| | (1 -+
NH HN R=C=N=(CHz): —N=CHs- CI~

(CH2): (CH2)2 H CH3
\ + + / 4
HsC—-N/\I/\I:T -CHs- 2CI~
I
CHs OH CHs
3a—d

Table 5. Surface active properties of bis-ester-ammonium surfactants
¢Measured by Withelmy method. at 20C

e

Krafft point CMC? Yemc? Foam(ml.}
Compound R n () (mM) (mN/m) 0’ 107
ba CuHzs 2 <0 0.082 28 270 260
5b CoHas 4 <0 0.17 34 50 0
5¢C C7His 6 <0 0.79 34 50 0
6a - CuH=z 2 <0 0.60 24 60 30
6b CeHio 4 <0 7.1 28 - 20 0
6¢c C:His 6 <0 14.4 27 10 0
R R
C:0 0:C
0 0 0 A
(C‘}'}_z)n . ('CHZ)H R=C ~-0O—(CH2)n —III—CH?: - Cl
HsC-N" "N-CHs- 2C1~ CH
éHa OH Ay, ba—~c
5a—cC
Menger also synthesized another kind of gem straint of adsorptionin alignment depending on
i1 surfactants, and reported an unusual surface the structure of the linking grou 12
- active properties where the CMC increases 3) Lipid bilayer-interefering amphiphilic com-
with the longer hydrophobic chain due to re- pound “Bolaphiles”

...._6.._
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C » ] atabd @
hydrophilic [ [\ lipophilic
group group

)U.( linking group
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“Supramolecular surfactants”

_mwnannnd

HO Or)ﬂo G- (CHZ) (CHz)y -C Or-(-\or)_\oﬁ 8
‘{' —{CHz)x (CHz)y“CwO’_(\Or)—\O_}. 9

Scheme 2.

Since lipid bilayer mambrane has a potential
as a molecular material, it 1s necessary from the
viewpoint of industrial importance to develop a
process to regulate its physical property as well

as to develop its function. Regulation of lipid

bilayer membrane is also important from the
viewpoint of medical science, since units of liv-
ing thing tissue are wrapped by lipid bilayer
membrane,

Lipophilic part of compound 8, which pen-
etrates into a libid bilayer membrane in a shape
of loop, destroys the alignment of chains of
phospholipid, resulting in the breakdown of the
tissue unit(Scheme 2). Thus, an application to
chemical remedy for HIV(human immuno de-
ficiency virus) by breakdown of its cell mem-
brane, for example, can be expected. Polymer-
ized “Supramolecular Surfactants” 9 show hig-
her activity for this purpose. Proper modifi-
cation of molecular structure may bring about

improvement of performance and membrane sel-

ectivitym. Since cholesterol makes the hpid
membrane closer, it i1s difficult for compounds 8
and 9 to penetrate effectively into those con-
taining a large amount of cholesterol. Thus,
membrane-breakdown ability decreases in in-
verse proportion of cholesterol content of the
membrane, Compound 9 shows weak solubiliz-

ing power to human blood cell membrane which

contains 50% of choesterol. On the contrary, it
solubilizes the cell membrane of human bac-
terium{Proteus Mirabilis) which contains no
cholesterol™ .

2. Reactive surfactants

Depending on the use of a surfactant, there
are cases in which surface activity is required
only during an objective process, and after the
completion of the process the surface active
material should be removed to afford the final
product or to prevent deterioration of product.
For example, the quality of emulsion polymer-
ization product may be deteriorated by remain-
ing emulsifier. In these cases, the emulsifier is
removed by utilizing the clouding phenomenon
in the case of nonionic surfactant or by adding
pdlyelectrolyte in the case of anionic surfac-
tant. These processes, however, may be inad-
equate or may cause secondary defects in some
cases. From these réasons, development of a
destructible surfactant, which can be decompos-
ed under specific conditions to extinguish its
activity after attaining its purpose have gath-
ered attentions.

1) Acetal~type surfactants™

Ionic surfactants and nonionic surfactants
contaiming acetal moiety in linking group be-
tween the lipophilic and hydrophilic groups

_.....7._..
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have been synthesized by some research teams
(compound 10, 11)'*®_ In this kind of surfac-
tants, the instability of acetal hnkage under
acidic conditions is utilized. The rate of acidic

hydrolysis depends on the structure and the 1on-

ic character. It is disclosed that in the case of
cationic surfactants the rate is considerably
small, reflecting the difficulty of protonation on
the acetal linkage affected by an adjacent ca-
tionic atmospherezn.

A series of acetal compounds 12 can be pre-
pared with ease from allyl chloride which 1s de-
rived from epichlorohydrin and fatty alcohol.

The acetal compound 13 derived from tartaric
acid is a very interesting surfactant. It has low
Krafft point(below 0¢C), extremely low CMC,
good surface tension-lowering ability, and good
foaming ability and foam stability, even when it

has two long lipophilic chains of heptadecyl

groups®.
O Ojn OH
OH

ANASASASASAA \_L,O \_)HJ

10

11

Cl -
R-0"0 - rR0™0 x
12

(IJHa
X :-S0OsNa, ~-N+(CH3)3 Cl™, —I\ll"'—CHzCOz“

| CHs
- (;T\ OI):l\OH

*

BEMm{CRERE

ol

R ><0 j CO:Na
R -
0O ‘ COzNa
H
13

2) Surfactants destructible under alkaline
condition

Examples of surfactants hydro]yzable under
high pH conditions are rare ; Siloxy derivative
14 is one of them. This compound contains a sil-
icon-oxygen-carbon linkage, which is hydrol-
yzed with ease to silanol and alcohol under al-
kaline conditions™ . Compound 15 containing
aryloxyethylenesulfonyl moiety is also hydrol-
yzed in alkaline solution .

CiHa
N N W N e Ve Sli—O SNSNH(CHs)s NOs™
CHs

14

n"‘Clezs "@‘ SO2C:H1O ‘@‘SO{M+
| 15

3) Pylorizable surfactant

Amine oxide-type surfactant decomposes
over 150 to afford olefin and a hydroxyamine
derivative(Scheme 3)®. Aminimide-type sur-
factant containing_ a cationic nitrogen-anionic
nitrogen linkage and the blocked isocyanate-
type surfactant are also reported to belong to
pylorizable surfactants.

RCHzCHz*IlI(CHa)z =+ RCH=CHz+(CH3):NOH
o)
Amine oxide
0
I+ - A .
R-C-N-NMe, + R-N=C=0 + Me,N
aminimide

Scheme 3.
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= Q
CH3(CHz)n—N+ CHz -P=0" —t
\_ 4 O
0
16  n=0, 7~17
!!
OH-/HO

H
R : CHs, C2Hs, CiHg, CeH1z, CsHiz

Modern Trend in Development of Surfactants
Q
CH3+HO-p~-0O~

—N+
CH3(CHz)» ND-—
5
-@ @-cm—mo P-O“

Scheme 4.
4) Photo-denaturalizable and photo-destruc- CH=CHCH;
tible surfactant | CHa(CHo)n _@_ (OCH:CH, ) nOSONH.
Although the phosphonic group does not ab-

sorb light, the compound bearing benzopheno-
ne® or pyridinium moiety” linked to this group
by a methylene group absorbs UV light to dec-
ompose and loses, or changes, 1its surface ac-
~ tivity(Scheme 4), This shows a possibility to
develop a new use of surfactant, though there
are many factors yet to be solved, such as sur-
face activity, efficiency of destructibility, or
production. |

5) Copolymerizable surfactant

Copolymerizable surfactants 18 and 19 are
already commercially available. Emulsifier mol-
ecule(or unit) remaining in the polymer product
produced by emulsion polymerization using cop-
olymerizable emulsifier does not display its sur-
face activity. On kneading these surfactant mol-
ecules copolymerize with monomer molecules
and disperse into the polymer bulk and no more
aggrigate. By using this kind of surfactants,
moreover, the waste water from production
plant is not contaminated with the emulsifier,
which forces environmental loads to hydro-
sphere.’ |

CH=CHCHs

CH3(CHz2)n O‘ (OCH:CH32)nOH

18

19

3. Amphiphilic compound having recognition
ability
Amphiphilic compounds having recognition
ability or discrimination ability can be exemplif-
ied as one of those which have a possibility to
construct a new high technology(industry). For
example, if it is possible to equip them with a
recognition ability or a discrimination ability
toward specific cells such as germs, “Bolaphil-
es” and “Supramolecular Surfactants” descr-
1ibed above may function as high performance
drugs.
1) Amphiphilic bis-crown ethers as a neutral
ion carrier
When amphiphilic bis-crown ether 20 is mix-
ed to polyvinyl chloride together with plastic-
izer, it adsorbs on the liquid-liquid interface of
plasticizer and. water to function as a neutral
ion—sensor, Though the character of bis~-crown
ether may change depending on the structure
of linking moiety of the two crown ether rings,

bis-12-crown-4-ether and bis-15-crown-5-

ether display superior selectivities toward so-

dium cation and potassium cation in water, re-

_ spectively”™, and have been practically utilized

in the field of medical science.
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O

20 (n=1, 2)

2) Modified alkylethoxylate surfactant

By modifying the end hydroxy group of
alkylethoxylate with a functional group bearing
coordination ability toward a specific metal cat-
ion, the resulting compound forms micells in a

selectively coordinated structure with the met-

al ion, and may be utilized as a carrier in selec-
tive transport of metal 1on or in extraction of
metal ion. For example, amphiphilic compound
21 can remove contaminative ferric ion from a
ferrous ion aqueous solution, since this com-
pound has a larger selectivity toward Fe** than
with Fe**® . Compound 22 can be also utilized
in extraction of valuable Ga®" from Bayer sol-
ution which is contaminated with A13+, since

compound 22 has a large selectivity toward
3+ 30)

O
()
o~~~ O N0/ NHOH
n

Ga®’ in the solution containing Al

21
AN AN O tOj (‘:'-'-NOH
' " NH.
22

3) Multi-hydrogen bonding surfactant

Cyclic tertamer of resolsinol having long
hydrophobic chains 23 displays affinity selectiv-
ely toward sugar of specific steric structure
through multi-hydrogen bondingm. If a proper

SR aE

molecular design 1s provided, this compound
may be utilized as a sensor toward sugar dissol-
ved in aqueous solution, since this compound
forms a stable molecular membrane and an elec-
trode containing this compound shows an elec-
tric response toward sugar dissolved in aqueous
solution. |

23 R :CuHgx

fll. Conclusion

In various industries, surface chemistry con-
cerns the industrial processes and plays an im-
portant role so often, Thus, the selection of sur-
factant or surface-modifier decides the issue of
the process. Meanwhile, it is quite difficult to
discuss the phenomena on interface which is a
very complicated field by means of the molecu-
lar structure of amphiphilic compound or the in-
teraction between surfactant.molecules or be-
tween the substrate and surfactant molecule.
Therefore, it is almost impossible at present to
design a molecular structure and to develop a
new surfactant having the required perform-
ance, even though lots of informations concern-
ing the correlation between molecular structure
and the properties have been accumulated. It is
easy to speculate that reform in technology be-
comes harder, and required performance of sur-
factant becomes more intricate and more deli-
cate. In order to respond to these circum-

—10—
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stances which may happen in the future, it is
necessary to develop seeds concerning the sur-
factant as many as possible prior to occurrence
of the requirement.

Because of the complicated function of
amphiphilc compound and the complicated cir-
cumstances where the compounds are used,
many unexpected discoveries concerning inter-
facial phenomena or functions of amphiphilic
compound will be brought about in the process
of developing these seeds, and the surfactant
chemistry and industry will become wider and
more important,
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