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Binary phase diagram
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Bicontinuous cubic——»
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1 1 = 50
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1 0 20 40 60 80 100
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3 Holmberg, Lindman et al. (2002) Surfactants and Polymers in Aqueous Solution
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Chem. Soc. Rev. 47, 2609-2679 (2018)
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10 mg L*
Mean width (height): 1.7 nm (+0.7)
Charge density: 760 pumol g (+80)
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Armsoft E (commercial)

N CI

Composed mainly of di(hydrogenated tallow) dimethylammonium chloride in ethanol

Surface activity

Emulsifying,

wetting agent

foaming,

Complexing agent
Anionic species with poor water solubility

, sugar refining etc.)

(water treatment
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Fatty acid precursors
for surfactant synthesis
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CNM whereabouts (?)

Between voids or in defect regions Confined in the aqueous space
of the liquid crystalline phase between DODAC bilayers

B ~» CNC or CNF
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Sample preparation

1« 10, 30, or 50

3/
! ! 1wt% CNC OFr 0.1 wt% CNF
wt% pobAc /.,/ Wtz °

0 10% DODAC 0 30% DODAC a 50% DODAC

' a 10% DODAC + 1% CNC e 30% DODAC + 1% CNC e 50% DODAC + 1% CNC
9 10% DODAC + 0.1% CNF G 30% DODAC + 0.1% CNF e 50% DODAC + 0.1% CNF
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DSC

Gel-to-fluid phase transition temperature (T _,) and the transition enthalpy (AH)

- 10 % DODAC
=30 % DODAC

— e e
o 10% DODAC 37 67
' 370 10% DODAC + 1% CNC 34 74
10% DODAC + 0.1% CNF 36 74
30% DODAC 35 79
30% DODAC + 1% CNC 36 92
30% DODAC + 0.1% CNF 36 76
) 10 20 30 40 50 60 70 8« SUAUNBTE 37 £l
50% DODAC + 1% CNC 36 36
Temperature / °C 50% DODAC + 0.1% CNF 36 88
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SAXS (1% CNC)

\,/
\.’/ SAXS (15t peak)
A\ 10 % DODAC d/nm (1)
_ 10% DODAC 24.6
Z N\ 10% DODAC + 1% CNC 21.6
30 % DODAC + 1 % CNC 30% DODAC 7.9
30% DODAC + 1% CNC 7.8
A /\ 50 % DODAC
50% DODAC 5.6
50-% DODAC +1 % CN 50% DODAC + 1% CNC 5.3

03 06 09 12 15 1.8

q/ nm™1
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30+ wt% DODAC led to L, e L phases
10 wt% DOCAC: shift to higher g values (lower repeating distances)
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SAXS (o 1% CN F)

SAXS (1t peak)

10 % DODAC

d/nm (+1)

10 % DODAC + 0.1 % CNF

_ 10% DODAC 24.6
Z 30 % DODAC 10% DODAC + 0.1% CNF 18.8
30 % DODAC + 0.1% CNF 30% DODAC 7.9

30% DODAC + 0.1% CNF 7.9

50 % DODAC 50% DODAC 5.6

50% DODAC + 0.1% CNF 5.3

S0 % DODAC + 0 1% CNF |

0.5 1.0 1.5 2.0
q/nm1

B\ TAPPI

30+ wt% DODACled to L, e L phases AN“
10 wt% DOCAC: shift to higher g values (lower repeating distances) DIVISION
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10 wt% DODAC 30 wt% DODAC 50 wt% DODAC
107 Yooy
e "
o @
10°
(7))
[+ 3
o 10 <,
—
> 1 .:‘ ¢
= 10 e® o'
(V2] ° é
o ° )
® 10" %, %
; 0.00 ..00
10° e 10% DODAC e 30% DODAC %s e 50% DODAC 8 ':
e 10% DODAC + 1 % CNC e 30% DODAC + 1 % CNC ° e 50% DODAC + 1.0 % CNC
e 10% DODAC + 0.1 % CNF e 30% DODAC + 0.1 % CNF e 50% DODAC + 0.1 % CNF
10'5 T T T T T T T T T T T T T T T T T T T T

10 10 10* 107 10° 10° 10 10  10° 10* 10 10" 10? 10 10*  10° 10* 10° 10 10 10*

Shear rate / s_1 Shear rate / s_1 Shear rate / s_1

CNM did not change the viscosity of the lamellar phase
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Amplitude sweeps

'
—— - ‘\.
-

10 wt% DODAC 30 wt% DODAC 50 wt% DODAC
1064 ¢ G'-10%DODAC ® G'-30%DODAC e G'-30 %DODAC +0.1 % CNF
°© G"-10 % DODAC o G"-30% DODAC o G"-30 %DODAC +0.1 % CNF
e G'-10 % DODAC +1.0 % CNC e G'-30%DODAC +1 % CNC
s]1 © G"-10% DODAC +1.0 % CNC o G"-30% DODAC +1 % CNC 088000000000000000000000000000
10°] ¢ G-10 % DODAC+0.1 % CNF S2388000008085000000052000008
nc: o  G"-10 % DODAC + 0.1 % CNF gogsssssssssssssssssssssseeee 000000000000000000000000000000
~
6104 e | 888888838883888388888888888888
- ©000000000000000000000000000,,
&) 00000000000000000000000000000 lZSkPa
®0000000
103 000000000 000000000000 8 kPa e G'-50%DODAC ® G'-50 %DODAC+0.1%CNF
000000000000000000000000000000 o G"-50 % DODAC© G"-50%DODAC+0.1%CNF
0000000000000 0000O00000O0O00000O0 1.1 kPa ° G'-50 %DODAC+1 % CNC
102 o G"-50 % DODAC +1 % CNC
rr ——r—rrTrry ——r—rrTrry T —r—T—rTrrrTy —r—T—rTrTrrTy T ——rrrTrr ——r—rrrrr
1 10 100 1 10 100 1 10 100
Shear stress (t) / Pa Shear stress (1) / Pa Shear stress (1) / Pa

10% DODAC: CNCincreased G’
CNF decreased G”
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Frequency sweeps

-

10 wt% DODAC 30 wt% DODAC 50 wt% DODAC
.| ® G-10%DODAC 1 .
10§ 6 G"-10% DODAC s 00 ®
e G'-10 % DODAC + 1.0 % CNC 88 ‘..ttg!ﬁ*"
o G"-10 % DODAC + 1.0 % CNC W2 R . R LI
e G'-10 % DODAC +0.1% CNF o° E YT I E 333§8§§82§§§§88§e° S
£ 10'4 o G"-10 % DODAC +0.1 % CNF 002e8 : 0se? 0:::..-"' o : g§g§§§§°°°°°°° %o
e, i gae 98839, . 00 1 88 :
~ o]
3 { sseesttios $333803888888880 5.8 { g4 i
_n 33085°°°°°°° 1 °
Q 10’ 0o ©
1 o GL10%DODAC o G- 10%DODAC + 0.1% CNE 4 ¢ G'-10%DODAC e G'-10 %DODAC +0.1 % CNF
© G"-10%DODAC o G"-10 %DODAC +0.1% CNF °© G"10%DODAC o G"-10 %DODAC +0.1 % CNF
) ° G'-10 % DODAC + 1 % CNC [ ] G'-10 % DODAC +1 % CNC
10 4 o G"-10% DODAC +1 % CNC -4 © G"-10 % DODAC +1 % CNC
T T T T T T T T T I T T T TTITTTTTT—T T T T T T T T T T T T
10° 10° 10" 10’ 10' 10° 100 102 10" 10 10" 10 10° 10> 10" 10" 10 10’
Frequency / Hz Frequency / Hz Frequency / Hz

10% DODAC: CNCincreased G’
CNF decreased G”
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Conclusions
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* CNM changed the lamellar microstructure and the rheology of 10% DODAC samples only

e CNM can be confined in the agueous space between the bilayers (for 10% DODAC samples) and form
microsized aggregates (CLMS)

 CNC stiffened while CNF ‘plasticized’ the gel. CNM morphology seems to play a role on the interaction
with the lamellar phases.

 What's next?
CNM structuring/organization (e.g., nano-IR, cryo-TEM)
Molecular anionic cellulose derivative (e.g., CMC)
Influence of surface charge density e/ .
Applications: lubricant (skincare) AN“
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Confocal __ Confocal microscopy

10% DODAC + 0.1% CNC (NR / NB)
50 50 pm 50 0 um

10% DODAC + 0.1% CNF (NR / NB)
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