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Purpose of the project 

• Investigation of size and shape of micelles in 
C12E7 solutions of different concentrations 
and at different temperatures. 

 

• Investigation of size and shape of micelles in 
mixture systems of C12E7 and d-urea 
solutions at different temperatures. 

 



Surfactants 









NONIONIC SURFACTANTS 
type CiEj 

 In the conventional notation CiEj,  

 ”C” and ”E” refer to alkyl (CH)x and 
ethoxylate (CH2CH2O) units. 

 



                        NONIONIC SURFACTANTS 
 

•Nonionic surfactants such as oligo(oxyyethylene)-n-alkyl 
ether (abbreviated as CiEj) show a rich phase behaviour in 
aqueous mixtures.  
 
•At very low surfactant concentrations, the surfactant dissolves to 
unimers.  
 
•With an increase in the surfactant concentration, the temperature 
dependent critical micelle concentration (CMC) is passed and the 
surfactant molecules form micelles, mostly globular, at least at low 
temperatures. 
 



•Above the so-called cloud curve, the solutions first become very 
turbid and then the phases separate into two micellar solutions of 
extremely different surfactant contents.  
 
•The position of the critical point depends on the overall chain 
length of the amphiphile and the hydrophilic-lipophilic balance.  
 
•The understanding of the binary phase behaviour and structural 
properties is central for understanding of ternary mixtures with 
oil (microemulsions). 



Heptaethylene Glycol Monododecyl 
Ether (C12E7) 

 • Synonym: C12E7, Dodecylheptaglycol, 
Polyoxyethylene (7) lauryl ether 

• Classification: nonionic detergent 
• Molecular Formula: C26H54O8 
• CAS Number: 3055-97-8 

Formula Weight: 494.70 
pH: 3-8 (1% solution in water) 

 
 
 



Application 

•  Heptaethylene glycol monododecyl ether is a kind 
of non-ionic detergent which can be utilized as a 
source of carbon and energy by an organism 
isolated from activated sludge.  
 

• It can facilitate degradation of waste hydrocarbons 
such as crude oil and vegetable oil 
 

 
 
     

 



C12E8  
(Octaethylene glycol monododecyl) 

• Detergent used for the study of membrane 
proteins in a native-like state, e.g. ATPase. Used in 
the mixed micellar assay for lipoxygenase activity 
at neutral pH and for functional reconstitution of 
influenza virus envelopes.  

• Octaethylene glycol monododecyl ether has been 
used in research on the intestinal sodium 
transport mechanisms. It has also been used in a 
study to investigate interactions between dyes 
and surfactants in inkjet ink used for textiles.   

 



SANS theoretical background 
(Small-angle neutron scattering) 

 



Information from SANS 

• Size 

• Shape 

• Molecular weight 

• Interaction distance 

• Self-Assembly 

     0.008˚ - 8˚ 



Range of SANS 
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SANS fundamentals 
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  I(Q) – intensity 
  A – const. 
  P(Q) – normalized form factor 
  S(Q) – structure factor  
  (for dilute solutions S=1) 
  n – number of density 
  ν – volume of particle 
  ∆ρ – difference of length density  
          scattering (contrast) 
  Q – scattering vector 

 
 



Atomic nucleus b [fm] Molar weight [g/mol] 

1H - 3.741 1 

2H + 6.674 2 

C + 6.646 12 

N + 9.362 14 

O + 5.805 16 

Br + 6.795 173 



Scattering length density 



The scattering vector 

 The modulus of the resultant between the 
incident, ki, and scattered, ks, wavevectors, 
given by: 
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Differential cross–section 
 Contains all the information on the shape, size 

and interactions of the scattering bodies in the 
sample. 

 
 
 

Np – number concentration of scattering bodies 

Vp
2 – square of the volume of scattering body 

∆σ2 – square of the difference in neutron scattering length densities 

Q – the modulus of the scattering vector 

Binc – the isotropic incoherent background signal 
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Equipment 



Fast Pulsed Reactor IBR -2M 



PuO2 

Reactor 
vessel 





Spectrometer YuMO 
1 – two reflectors 

2 – zone of reactor  

 with moderator 

3 – chopper 

4 – first collimator 

5 – vacuum tube 

6 – second collimator 

7 – thermostate 

8 – sample table  

 and sample holder  

9 – goniometer 

10 – V-standard 

11 – V-standard 

12- ring-wire detector 

13 – position-sensitive  

 detector “Volga” 

14 – direct beam  

detector 

 



Experimental results 







Temp [0C] Radius [A] +/- [A] 

10 26.3  0.2 

15 26.8 0.2 

20 27.0 0.2 

30 27.3 0.2 

Temp [0C] Radius [A] +/- [A] 

10 26.9 0.1 

15 27.2 0.1 

20 27.3 0.1 

35 28.2 0.1 

Fitter  
Model: Ball 

Concentration: 0.17% Concentration: 0.50% 







Conclusions 
• In all cases, micelles appeared to be spherical 
• In all cases, with increasing temperature the radius of 

spheres increased. The concentration of micelles in the 
solution also increased. 

• With increasing surfactant concentration, the 
concentration of micelles in the solution also 
increased, but the radius of micelles reamained nearly 
the same 

• After adding d-urea, micelles became more spherically 
symmetric 

• Increasing the d-urea concentration had no influence 
on the radius and concentration of the micelles in the 
solution (results for concentrations of 4M and 8M were 
analogical as in case of 2M) 
 
 
 



Software 
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