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Conformational Analysis of Nonionic Surfactants 
by FT-Raman Spectroscopy Measurements 

TAKASHI MIHARA and NAOYUKI KOIDE 

Department of Chemistry, Faculty of Science, Science University of Tokyo, 
1-3 Kagurazakn, Shinjuku-ku, Tokyo 162-8601 JAPAN 

A conformational analysis of ethylene oxide and methylene chains for the mixtures of noni- 
onic surfactant (polyethyleneglycol mono n-dodecyl ether, C12EOn, n = 5 - 8) with pure 
water was carried out by FT-Raman spectroscopy measurements to clarify the relationship 
between the conformation of the methylene or ethylene oxide chain and the aggregate for 
Cl,EO, in the pure water. The trans conformation for C-C bond in the hydrophilic ethylene 
oxide chain in liquid crystalline phase was less than that in aqueous micellar solution and 
pure Cl?EO,. On the other hand, the order of the hydrophobic methylene chain decreased 
with increasing concentration of Cl,EOn. 

KentwdY: nonionic surfactant; lyotropic liquid crystal; FTRaman spectroscopy 

INTRODUCTION 

It is well known that lyotropic liquid crystal is consisted of the mixture of 
amphiphilic molecules with a solvent such as water. The exhibition of 
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lyotropic liquid crystalline phases like a hexagonal and/or a lamellar phase 
was mainly dependent upon the concentration of the amphiphilic mol- 
ecule in the mixture. For example, in high concentration of the mixture of 
soap such as a sodium stearate with water, lamellar and hexagonal phases 
were exhibited, while in lower one, micellar solution was formed. 

In this study, we paid attention to the conformation of the hydro- 
philic and hydrophobic groups for the amphiphilic molecules in the lyo- 
tropic liquid crystalline phase. Raman spectroscopy measurement was a 
useful tool for the investigation of conformational analysis for the mix- 
ture of amphiphilic molecules with water. In the case of lipids, the phase 
structure was deeply influenced by the conformation and order (lateral 
packing) of the hydrophobic methylene chain ['-*I. The conformation and 
order (lateral packing) of the hydrophobic methylene chain was discussed 
by the spectral intensity ratio of symmetric and asymmetric methylene 
stretching peaks. In the case of the lipids, the order of the hydrophobic 
methylene chain became higher with increasing order of the mesophase 
structure. 

On the other hand, mesophases were also detected for the mixture 
of nonionic surfactant with water. Nonionic surfactants generally con- 
sisted of an ethylene oxide chain as a hydrophilic group and a hydropho- 
bic group like methylene chain or alkylbenzene. The conformation of the 
ethylene oxide chain for the mixture of nonionic surfactants with water 
was investigated by Raman spectroscopy measurements. Fukuhara et a1 
discussed conformation of the ethylene oxide chain for nonionic surfac- 
tants in the solid phase Is'. However, the conformational analysis of the 
hydrophobic group was little investigated. 

In this report, in order to investigate the relationship between the 
mesophase structure and the conformation of hydrophilic and hydropho- 
bic group for the nonionic surfactant, Raman spectroscopy measurements 
of nonionic surfactants were carried out. We discussed mainly the confor- 
mation of the hydrophobic group in the nonionic surfactants. 
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CONFORMATIONAL ANALYSIS OF NONIONIC SURFACTANT [3395]/607 

EXPERIMENTAL 

Materials 
Samples of polyethyleneglycol mono n-dodecyl ether (C,,EO,, n = 5 - 8) 
were purchased from Nikko Chemicals Co.. It was used without further 
purification. Pure H20 was prepared by Mili Qlabo system. 

The mixture of C,,EO, with pure water in various concentrations 
(in the case of C,,EO,, 34,47,60,70,80,89 wt%) and pure C,,EO, (n = 

5 - 8) were prepared in glass tubes. After centrifkgation of the mixtures, 
all samples were permitted to stand in a thermostat for several days. 

Thermal properties 
In order to obtain a phase diagram of the mixtures of C,,EO, with pure 
water (C,,EO,-H,O system), we investigated thermal properties of C,,EO,- 
H,O system by using of polarized optical microscopy (Nikon 
OPTIPHOTO-POL polarized optical microscopy equipped with a Mettler 
FP80 controller and a FP82 hot stage), X-ray (Rigaku IUNT 2500, lmm 
diameter quartz glass capillaries) and differential scanning calorimetry 
(Mettler DSC 821') measurements. Phase diagrams of the mixtures were 
summarized in Figure 1. The phase diagrams except C,,EO,-H,O system 
were already reported by Tiddy et al. 141 Raman spectroscopy measure- 
ments of C,,EOn-H,O system were carried out based on the phase dia- 
gram obtained. 

SDectroscopv measurements 
Raman spectroscopy measurements of the mixtures and pure C,,EO, were 
measured at 2 cm-' resolution with a JEOL JIR-7000 spectrometer equipped 
with RS-RSU200 Raman spectroscopy units. 500 scans were accumu- 
lated. Excitation radiation of a cw Nd: YAG laser (1064nm) was used. 
The laser power was controlled to be constant during Raman spectros- 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

09
 1

5 
A

ug
us

t 2
01

2 



608/[3396] TAKASHI MIHARA and NAOYUKI KOIDE 

Compositlon (wt% C12E05) 

(c) 9 0 7 1  
V . i:/, ,$I 

0 25 50 75 100 
Composition (wtW Ci2EO7) 

Composition (wtX C12E06) 

0 25 50 75 100 
Composition (wtX C12E08) 

FIGURE 1 Phase diagrams for mixtures of CI2EO, (n = 5 - 8 )  
with water: (a) CI2EO,, (b) CI2EO,, (c) CI2EO,, (d) CI2EO, : 
HI, hexagonal; V,, bicontinuous cubic; L,, micellar isotropic; 
L2, liquid surfactant containing dissolved water; La, lamellar; 
I,, closed-packed spherical micelle cubic; M2, liquid crystal- 
line phase; S, solid phase. 

copy measurements. Elevated temperature spectra of FT-Raman were 
obtained by placing the glass tube in the temperature-controlled cell 
(Mettler FP-80 temperature controller with a FP82 hot stage). Before each 
spectral acquisition the temperature was kept constant for about 1 hour to 
ensure complete temperature equilibration. Measurement temperatures 
(20-60 or 70 "C) were determined based on the phase diagram already 
reported by Tiddy et a1 as shown in Figure l[41. 

RESULTS AND DISCUSSION 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

09
 1

5 
A

ug
us

t 2
01

2 



CONFORMATIONAL ANALYSIS OF NONIONIC SURFACTANT [3397]/609 

Optical micrographs of hex- II *- 
agonal and lamellar phases 
for C12E0,  were shown in 
Figure 2. The d-spacings of ' 
their phases were summa- I 

I I 

rized in Table 1. In the hex- (a ) (b) 

agonal phase, a limited num- FIGURE 2 @tical micro@aphs Of C,~Eo-- 
H,O system; (a) 50 wt%, hexagonal phase, 

ber OfBr+% were ob- (6) SOW%, lamellar phase. 
served on circles whose ra- 

dii fit the spacing ratios 1 : & . 
The spacing ratio was character- Concentration / A 
istic ofa hexagonal phase. In the 
lamellar phase. a sharp Bragg 
diffraction was observed, corre- 
sponding to an oriented lamel- 
lar phase. 

A typical Raman spectrum for the mixture of C,,EO, with pure wa- 
ter (C,2EOn-H20 system) was shown in Figure 3. This spectrum consisted 
of the peaks attributed to various kinds of vibrational modes for hydro- 

TABLE I d-spacing ofC,ZEO,-ff,O 
system. 

50wt% 46.7 , 27.6 

80wt% 42.6 

3500 3000 2500 2000 1500 1000 500 

Wavenumber I cm-3 

FIGURE 3 Raman spectrum of C,,EO,-H,O system. 
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6 1 O/[398] TAKASHI MIHARA and NAOYUKI KOIDE 

philic ethyleneoxide and hydrophobic methylene group. These peaks at 

780-950 cm-', at 1000-1200 cm-I, at 1200-1350 cm-l, at 1400-1550 cm- 
I ,  and at 2700-3100 cm-' of C,,EOn-H,O system were assigned to CH, 
rocking, to C-0, C-C stretching and CH, rocking, to CH, twisting, to CH, 
scissoring, and to CH,, CH, stretching Is+]. 

Maxfield et al. investigated the conformation of poly(ethy1ene ox- 
ide): PEO, by Raman spectroscopy measurements [51. A peak near 809cm- 
' was attributed to x-t-x conformation for (0-C-C-0) unit in PEO group, 
while a peak near 85 1 cm-' was assigned to x-g-x conformation for the 
unit (t and g means trans and gauche conformation, respectively. x 
indicates t or g.). Therefore the conformation of PEO group in C,,EO,- 
H,O system can be explained by the intensity ratio of these peaks near 
809cm-' and near 85 1 cm-I. High peak intensity ratio indicated that quan- 
tity of (0-C-C-0) unit with x-t-x conformation increased relative to that 
with x-g-x conformation in PEO group. An increase in x-t-x conforma- 
tion in PEO group showed that PEO group in C,,EOn-H,O system ap- 
proached more extended form. 

The concentration depen- 
dence of the peak intensity ratio 
was demonstrated in Figure 4. The 
peak intensity ratios in liquid crys- 
talline state of C12EOn-H20 system 
were low compared with those of 
micellar solution and C,,EO, mol- 

ten state. These results indicated 20 40 60 80 100 
that (0-C-C-0) unit easily formed Composition (wt% C12EO8) 
x-g-x conformation in liquid crys- 

FIGURE 4 Raman intensity ra- 
talline phase compared to micellar tios (1, /I,,,) as a function ofcon- 
solution and C,,EO, molten state. centration of C,,EO,: 20°C( ), 

ing a helix structure had x-g-x con- 

1.1 

'.O 
O.' 

2 

It is known that PEO group form- 3o"c( ), 40°c( Ir 1 7  50"c( 1 3  

60"C( 0 ) and 70°C( 0 ). 
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CONFORMATIONAL ANALYSIS OF NONIONIC SURFACTANT [3399]/611 

formation for (0-C-C-0) unit. The helix structure of PEO group in micel- 
lar solution would be influenced by hydrogen bonding formed between 
water and oxygen atom in PEO group. 

The peak intensity ratios were investigated for polyethyleneglycol 
(PEG) with same length as hydrophilic PEO group in CI2EO, for com- 
parison with change in the intensity ratios for C,,EO,-H,O system. The 
peak intensity ratio decreased with decreasing concentration for PEG- 
H,O system. This result demonstrated that the x-g-x conformation for (0- 
C-C-0) unit in PEG increased with decreasing concentration of PEG 
We could not observe same changes in the peak intensity ratio for PEG- 
H,O system as those for C,,EOn-H,O system. Therefore changes in the 
conformation for the hydrophilic group in C,,EOn-H,O system would arise 
from the difference in the state of aggregation (micelle and liquid crystal- 
line phase). 

As mentioned above, the relationship between the conformation and 
order of the hydrophobic methylene chain of lipids was investigated by 
Raman intensity ratio of the peaks 
attributed to symmetric and asym- 
metric stretching vibration in the re- 
gion of 2700-3100 cm-'. The peak g 
intensity ratio of asymmetric 
stretching vibration and symmetric a 

stretching vibration displayed the - 
order of the methylene group. The 
order of the methylene group was 
higher when the peak intensity ra- 
tio became bigger. The peak inten- 
sity ratio became bigger when the 
order of phase structure for the lip- 
ids-H,O system increased with in- 
creasing concentration of lipids "1. 

0.9 0.8 u 
20 40 60 80 100 
Composition (wt% C12E08) 

FIGURE 5 Raman intensity ra- 
tios (I289o / I,,,,) as a function of 
concentration of C,2E0,: 20"C( W 
), 30"C( 0 ), 40"C( A ), 50"C( + ), 
60°C( 0 ) and 70°C( 0 ). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

09
 1

5 
A

ug
us

t 2
01

2 



61 2/[3400] TAKASHI MIHARA and NAOYUKI KOIDE 

We applied this procedure to the investigation for the conformation 
of the methylene group in nonionic surfactant C,,EOn-H20 system. The 
intensity ratios of the peaks near 2890 cm-I (assigned to CH, asymmetric 
stretching vibration) and near 2858 cm-' (assigned to CH, symmetric 
stretching vibration) were plotted in Figure 5. The peak intensity ratio 
decreased with increasing concentration of C,,EO,. The order of the me- 
thylene group decreased with increasing concentration of C,,EOn. There- 
fore it was considered that the order of the methylene group was depen- 
dent upon the concentration of C,,EO, rather than the state of aggrega- 
tion. 

Quantitative analysis of the methylene stretching vibration region 
was carried out for investigating the order of the methylene group. The 
methylene stretching vibration region could be divided into five peaks by 
the curve-fitting procedure as shown in Figure 6.  We paid attention to the 
peak area ratio [(C)/(A)] to estimate the order of the methylene group 
because the peak area ratio can exactly explain the order of the methylene 
group compared to the peak intensity ratio. 

3000 2920 2840 2760 

Wavenumbers / cm-i 

FIGURE 6 Deconvolution of CH, stretching region for 
C,,EOn-HIO system; (A) CH, symmetric (alkyl), (B) CH, sym- 
metric (alkyl), (C) CH2 asymmetric (alkyl) and CH, symmet- 
ric (ethylene oxide), (D) C y  symmetric (alkyl) and (E) CH, 
asymmetric (alkyl) and CH, asymmetric (ethylene oxide). 
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CONFORMATIONAL ANALYSIS OF NONlONIC SURFACTANT [3401]/613 

The peak area ratios were plot- 
ted in Figure 7. The peak area ratios 
in the low concentration region were 
dispersed depending on temperature. 
The peak area ratios decreased with 
increasing concentration of C,,EO,. 
This result indicated that the order of 
the methylene group decreased with 
increasing concentration of C,,EO,. 
This is the same result displayed by 
the peak intensity ratio mentioned 
before. 

Further, we investigated the 
order of the methylene group by us- 

1.8 I 

co 

0.6 

0.4 
20 40 60 80 100 

Composition (wt0h Ci2E08) 

FIGURE 7 Peak area ratios (Azsg0 / 
A2858) as a function of concentration 
of C,,EO,: 20°C( W ), 30°C( 0 ), 
40°C( A ), 50°C( + ), 60°C( ) and 
70T( 0 ). 

ing of differential spectra between the C,,EO, and PEG as a hydrophilic 
group. It would be considered 
that the differential spectra con- 
tained the conformational infor- 
mation about the methylene 
group in the C,,EO,. A typical 
differential spectrum was shown 
in Figure 8. The differential spec- 
tra between C,,EO,-H,O and 
PEG-H,O systems were obtained 
by using of the computer pro- 
gram. We admitted that the dif- 
ferential spectra included some 
errors because the Raman spec- 
tra of the PEG-H,O system could 
not contain the information 
about the state of the aggregation 

5200 3ow 28W 2600 

Wavenumbers I cm-1 

FIGURE 8 Raman spectra of CH, 
stretching region for CIZEO8-H2O 
system(a), PEG-H20(b) and their dif- 
ferential spectrum(c). 
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like a micelle and liquid crystal- 
line phases. However, it would be 
worthwhile to estimate the order 
of the methylene group in the 
C,,EOn-H,O system by using of 
the differential spectra. 

The peak intensity ratios be- 
tween CH, asymmetric stretching 
vibration and CH, symmetric 
stretching vibration for the differ- 
ential spectra were plotted in Fig- 
ure 9. These intensity ratios de- 
creased with increasing concen- 
tration of C,,EO, in the systems. 

1.2 I 1 

1.0 
1 0.9 
- 
0 m 
2 0.8 - O0 " l i  

0.7 

0.6 
20 40 60 80 100 
Composition (wt% C12E08) 

FIGURE 9 Raman intensity ratios 
(I28w I I,,,,) as a function of concentra- 
tion of C,?EO, (Differential spectrum): 
20°c( ), 30°C( 0 ), 40"c( A ), 50"c( 
+ ), 60°C( 0 ) and 70"C( 0 ). 

This was the same result that demonstrated by the intensity ratio in the 
original peak and the area ratio by curve-fitting procedure. The order of 
methylene chain in the C12EOn-H20 system decreased with increasing con- 
centration of C,,EO"-H,O. Therefore we concluded that the order of the 
methylene group decreased with increasing concentration of C,,EO, in 
the system based on the three methods. 
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