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DSC and SAXS



Structures:

I. Lamellar phases: (a) subgel, Lc; (b) gel, untilted

chains, Lβ; (c) gel, tilted chains, Lβ′; (d) rippled gel, Pβ′; 

(e) fully interdigitated gel, L βint ; (f) partially 

interdigitated gel; (g) mixed interdigitated gel; (h) liquid 

crystalline, Lα. 

II. Lipid micellar aggregates: (i) spherical micelles, MI; 

(j) cylindrical micelles (tubules); (k) disks; (l) inverted 

micelles, MII; (m) liposome. 

III. Nonlamellar mesomorphic (liquid crystalline) 

phases: (n) hexagonal phase, HI; (o) inverted 

hexagonal phase, HII; (p) inverted micellar cubic 

phase, Q II M ; (q) bilayer cubic (QII) phase, Im3m; (r) 

bilayer cubic phase, Pn3m; (s) bilayer cubic phase, 

Ia3d

R. Koynova, B. Tenchov



Modular Structure of Glycero-Phospholipids
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Main phase transition temperatures 

Tm of 1,2-di-Cn:0-PC (●)and methyl 

branched PCs 1,2-di-(xC1-Cn:0)-PC 

with x as the position of the methyl 

C1 branches (■ - x = 2, ▲ - x = 3, ►

- x = 4, ▼ – x = 5, ◄ - x = 6) versus 

the chain length n.

Influence of chain length and methyl branches



•Composition

•Lipid organization (LE or LC)

•Secondary structure of peptides

•Visualization of 
domain formation

• Structural parameters of 
ordered monolayers

• e--density profile

•Surface activity

•Adsorption kinetics

•Phase transition
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Methods for the in situ investigation of monolayers

Compression 

Isotherms



Synchrotron based X-ray experiments with monolayers

GIXOS - data taken off-specular 

and under grazing incidence 

conditions



1-monopalmitoyl-rac-glycerol

D. Vollhardt, G. Brezesinski

PCCP 19 (2017) 7009-7024



1,3-diamidophospholipid Pad-PC-Pad
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mechano-responsive Hard-Shelled 

Liposomes (HSLs) used for 

targeted drug release
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Infrared Reflection Absorption Spectroscopy
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In monolayers, cholesterol has an ordering 

effect on liquid-expanded phases and disorders

condensed phases.

40 mol% cholesterol: the LE and LC states 

cannot be distinguished. The wavenumber is 

almost independent of the pressure and has a 

value typical for a liquid-ordered phase.

IRRAS results
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d-values in lipid dispersions and electron density profile

- complete interdigitation below in the gel phase

- addition of 10 mol% cholesterol removes membrane 

interdigitation

- with 40 mol% cholesterol, no transition is 

observable in perfect agreement with the DSC 

curves



R. Tanasescu, M.A. Lanz, D. Mueller, S. Tassler, T. Ishikawa, R. Reiter, G. Brezesinski, A. Zumbuehl, Langmuir 32 (2016) 4896-4903.

F. Neuhaus, D. Mueller, R. Tanasescu, S. Balog, T. Ishikawa, G. Brezesinski, A. Zumbuehl, Angewandte Chemie – Int. Ed. 56 (2017) 6515-6518.

Cryo Transmission Electron Microscopy

A) spherical vesicles are formed if the bilayer 

leaflets are independent of each other and a 

positive curvature C0 is found

B) Pad-PC-Pad membranes show no spontaneous 

curvature and are completely interdigitated

C) A closed Pad-PC-Pad vesicle only forms if the 

inner membrane leaflet is broken

Cryo-EM of extruded vesicles from pure Pad-PC-

Pad (D); Pad-PC-Pad with 10 mol% chol (E); Pad-

PC-Pad with 40 mol% chol (F).

The change from rigid, facetted vesicles (D) 

towards highly flexible vesicles (F) is clearly 

visible. 

Scale bars = 200 nm.



1,3-diureaphospholipid Sur-PC-Sur

F. Neuhaus, D. Mueller, R. Tanasescu, C. Stefaniu, P.-L. Zaffalon, 

S. Balog, T. Ishikawa, R. Reiter, G. Brezesinski, A. Zumbuehl

SOFT MATTER 14 (2018) 3978-3986 
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GIXD and IRRAS of Sur-PC-Sur

- LC1 is dominated by an intermolecular hydrogen 

bond network of the urea moieties - very high chain 

tilt of 52°, highly hydrated phosphate group 

- LC2 with much lower chain tilt of 35°, PO2–

stretching vibration bands are shifted higher values 

indicating a dehydration effect of the phosphate 

moiety



Specular XR of Sur-PC-Sur

Thickness: hydrocarbon chain layer - 17.6 Å and head group layer - 8.4 Å.

Constrains: A = 45 Å2 and 259 electrons in the chain region.

179 electrons in the head group region - practically no water molecules are confined in a hydration shell around 

the head group, or cannot be seen because of no contrast to the surrounding water

* LC1 ~13 Å (tilt angle of 50°), LC2 ~18 Å (tilt angle of 30°). 



DiStearoylGlucAmineInositol

Oblique unit cell – alkyl 

chains

The supercell 

(blue parallelogram) 

contains 3 molecules

Synthetic GPIs –

promising Malaria 

vaccine

C. Stefaniu, I. Vilotijevic, M. Santer, D. V. Silva, G. Brezesinski, P.H. 

Seeberger, Angew. Chem. Int. Ed. 51 (2012) 12874-12878

C. Stefaniu, A. Ries, O. Gutowski, U. Ruett, P.H. Seeberger, D.B. 

Werz, G. Brezesinski, Langmuir 32 (2016) 2436-2444.



8 M urea solution

DiStearoylGlucAmineInositol

Synthetic GPIs

Formation of H-bond network



Total Reflection X-ray Fluorescence

V. L. Shapovalov, M. E. Ryskin, O. V. Konovalov, A. Hermelink, and G. Brezesinski, 

J. Phys. Chem. B 111 (2007) 3927 – 3934

G. Brezesinski, E. Schneck, Langmuir 35 (2019) 8531-8542 

Elemental Analysis at the Air-Water Interface: 
Total Reflection X-ray Fluorescence



Enhanced chain packing via putative head group ion-triplet formation

C. Wölk, G. Hause, O. Gutowski, R.D. Harvey, G. Brezesinski, 

Chem. Phys. Lipids 225 (2019) 104827



Thermodynamics and structures

Pressure-area isotherms of DPPG (black), DHDAB (red) and the 

DPPG/DHDAB mixtures 7:3 (magenta), 1:1 (green) and 3:7 

(blue) and the corresponding wavenumbers of the asymmetric 

CH2 stretching vibration.
GIXD data of DPPG (left) and 

DPPG/DHDAB 1/1 (right) at 10 mN/m. 



Selected parts of X-ray fluorescence spectra 

of DPPG (black), DHDAB (red), and the 

DPPG/DHDAB mixtures 7:3 (magenta), 1:1 

(green) and 3:7 (blue) at a surface pressure of 

π = 20 mN/m on a subphase containing 1 mM

CsBr.

Phase diagram (lateral pressure π versus the mole-fraction of 

DPPG) of the DPPG/DHDAB mixture. The phases observed 

by GIXD are obl (oblique), L2 (orthorhombic with NN tilt), 

and LS (non-tilted hexagonal phase). 

The phase diagram and charge state



Electrically neutral glycolipids

C. Stefaniu, V.M. Latza, O. Gutowski, P. Fontaine, G. Brezesinski, E. Schneck, J. Phys. 

Chem. Lett. 10 (2019) 1684-1690 



MGDG on 1mM KI at 20 °C and 30 mN/m



DGDG on 1mM KI (20 °C) at 10 and 30 mN/m



Variation of the tilt angle with the lateral pressure of the structured 

glycolipid Langmuir monolayers



All monolayers exhibiting pronounced 

preferential interactions with at least 

one ion species belong to the 

monolayer class featuring head group 

order.

Head group order and selective interactions

with ions
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