
Accepted Manuscript

Elucidating the effect of additives on the alkyl chain packing of a double tail
cationic surfactant

Rui A. Gonçalves, B. Lindman, M.G. Miguel, T. Iwata, Yeng Ming Lam

PII: S0021-9797(18)30613-1
DOI: https://doi.org/10.1016/j.jcis.2018.05.092
Reference: YJCIS 23670

To appear in: Journal of Colloid and Interface Science

Received Date: 17 April 2018
Revised Date: 25 May 2018
Accepted Date: 25 May 2018

Please cite this article as: R.A. Gonçalves, B. Lindman, M.G. Miguel, T. Iwata, Y. Ming Lam, Elucidating the effect
of additives on the alkyl chain packing of a double tail cationic surfactant, Journal of Colloid and Interface
Science (2018), doi: https://doi.org/10.1016/j.jcis.2018.05.092

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jcis.2018.05.092
https://doi.org/10.1016/j.jcis.2018.05.092


  

1 
 

Elucidating the effect of additives on the alkyl chain packing of a double tail 

cationic surfactant 

Rui A. Gonçalves 
a
, B. Lindman 

a,b
, M. G. Miguel 

a,c
, T. Iwata 

d
, Yeng Ming Lam 

a
 

a School of Materials Science and Engineering, Nanyang Technological University, 639798 Singapore, Singapore 
b Division of Physical Chemistry, Department of Chemistry, Centre for Chemistry and Chemical Engineering, Lund 

University, SE-221 00 Lund, Sweden 
c Department of Chemistry, University of Coimbra, 3004-535 Coimbra, Portugal 
d Global Hair Care R&D, Procter & Gamble, 138547 Singapore, Singapore 

 
 

A R T I C L E   I N F O 
 

A B S T R A C T 

Article history: 

Received 

Revised 

Accepted 

Available online 

 Hypothesis: Some low molecular weight additives can strongly 

influence the phase behavior of aqueous surfactant systems, and this 

offers an important handle to control the properties of surfactant 
solutions and thus to optimize the stability and performance of various 

formulations.  

Experiments: The surfactant dioctadecyldimethylammonium chloride 

(DODAC) self-assembles into two lamellar phases in water, the gel 
phase (Lβ) and the liquid crystalline phase (Lα). Here, we present 

approaches to tune the gel-to-liquid crystalline transition temperature 

(Tm) with the use of additives. The effects of urea, sodium butyrate and 
butyric acid on the packing behavior of DODAC were determined. The 

surfactant phases were characterized using polarized optical 

microscopy (POM), differential scanning calorimetry (DSC), and 

small/wide angle X-ray scattering (SWAXS). 
Findings: All three additives - urea, sodium butyrate and butyric acid 

yield a single and stable lamellar phase. Urea and sodium butyrate have 

only minor effects on Tm, butyric acid gives a large decrease as it 
stabilizes the Lα phase with respect to the Lβ phase. From the bilayer 

thickness of the gel phase an interdigitated or tilted packing of the 

surfactant molecules is suggested. The addition of sodium butyrate 
gives a highly interdigitated gel structure and resulted in the transition 

from lamellar liquid crystal to an isotropic L3 phase. 
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1. Introduction 

 

Amphiphilic molecules, such as surfactants and polar lipids, can be used for many novel health-

care and personal-care applications as solution behavior modifiers [1-5]. Since the first investigations by 

Kunieda and Shinoda [6] on the solution behavior of long di-alkyl quaternary ammonium salts, there has 

been much work done to understand the properties of the bilayer structures that dominate the phase 

diagrams of the binary surfactant-water systems [3, 7-9]. Two types of lamellar structures are found for 

these systems – the lamellar gel phase (L) with highly ordered alkyl chains with little conformational 
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