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Polyelectrolytes

Polymers - contents an clectrolyte group

Dissociate in aquecous solution (water) — form polycations, polyanions
Elclectrolytical and polymer properties (polysalts)

Solutions - electrically conductive, viscous

Strong polyelectrolytes - dissociates completely in solution

Weak polyelectrolytes — dissociates partially = not fully charged

DNA, polypeptides, glycosaminglycans,...



SIMS ( Secondary lon Mass Spectrometry)

Chemical surface characterization
Compared with AES, XPS, ..
Sccondary particles : electrons,
ncutrals, ions...

The ionization probability is strongly
affected by the electronic propertices
of the sample matrix

Only a small portion of secondary
particles (~ 1% of total secondary
particles) are ionized

Time of flight secondary ion mass spectrometry (TOF-SIMS)

ToF-measurement N
/ of secondary ion mass spectrum

vacuum o
Emission of neutrals,

~"_— positive or negative
secondary ions

Sample holder (e.g. glass, silicon wafer)




ToF (Time of Flight)

Mass analyser - the most widely used analyser in static SIMS
Parameter for mecasurement: the flight time of ion

When ions are obtained with a constant kinetic energy from an acceleration potential (V)
of 3 = 8 KV, the flight time of ions through a distance (L) of flight tube to reach a detector is
calculated.

Pulsed primary ions are used for precisely measure

[nitial kinetic energy of secondary ions will affect the resolution of mass analysis
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XPS (X-ray photoelectron spectroscopy)

Surface-sensitive quantitative spectroscopic
technique

Can be applied to a broad range of materials and
provides valuable quantitative and chemical state
information from the surface of the material
[rradiates the sample surface with a soft (low
cnergy) X-ray

X-ray excites the clectrons of the sample atoms

if their binding energy is lower than the X-ray energy,
they will be emitted from the parent atom as a
photoclectron

The kinetic energy of the electron is the incident
cnergy (1486 ¢V from the X-ray) minus the binding
cnergy

Hemispherical Plates

Binding Energy 2p =73 eV
Binding Energy 2p = 117 eV

@ Electron Detector

Esca Spectrum

Silicon

Binding Energy 25 =99 eV
Binding Energy 2p = 149 eV



photon source ERErEY analyser
« X-ray tube
« LUV lamp
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electron
optics
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UHY - Ultra High Vacuum
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Table |
Formides of ikhe polyelecirodyies used for the misliila yered assemblies

Polyelectrolyte Chemical Formula
o

Experiment

@ 3 types of multilayers with different thicknesses
@ Synthesize by dipping charged silicon wafers into solutions

of polyelectrolytes of opposite charge

Table 2
Different characterization techniques used for the analysis of
the multilayered assemblies

Multilayer  ToF.SIMES XPS/ARXPS* XR AFM
assembly reflectivity
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The positive secondary ion mass spectrum
 The mostintense peakin the spectrum corresponds to (28 D)
- Sillicon substrate is not completely covered

- The thickness of multilayer assembly is not sufficient to mask the

substrate ion emission '.E‘
* 2 main series of ions: E v e |
g 11h”'md1'”z'b“‘_mf;nj“‘“1_ﬁﬂdﬁu
* Main chain ( MC)- peaksof N (58D, 84 D,98D, 104 D, 120 2
D, 132 D) E
=
* Pedant group (PG) - phenyl ( carbohydrate) (41 D, 55 D, 77 Q
D) &
o " Tvo @ Tso T s
BO0Q
The negative secondary ion mass spectrum | ‘
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. ( 2 isotopes - 79 D, 80 D ) polyelectrolyte (1) \ | ‘ H || |
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Mass (D)

Fig. 1. Positive (a) and negative (b 51 mass specira of the asembly @070,



Formulae of the main characteristic ions observed in the positive 51 mass spectrum of polyelectrolyte (7). The ion mass is indicated
im dalions (I
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Fig. 1. Poaitive (a) and negative ( b) 51 masa spectra of the assembly @ 7117 )




The sensitivity of ToF-SIMS

® Sensitivity to the PG (p endant group) EHTIAN BTN AT

Passgbive 1oms

@ Y PG decreasing [rom(1)to (3) - Lower abillity to ;ﬂ} o o L;J o

' ; iy & o Thw= 10 - TRow M= T W Jh =

produce ions from polyelectrolytes (2,.5) PG/ TMC px 107 Wx107?  §7x 10
peak TR Difpeak 77 D0 0L 0.21 1.27

« Dillerence ol the polyelectrolytes only in PG groups Negative sons ) N .

! : peak 46 D (N3, LB [V R [ TS [

- but not constant MC peaks peak 137 D Lax107%  10x107%  14x107

peak 216 D 0=10""  Bl=10 ' 1S=10°

& Main chain is mask by the pendant group peak B D (S0, ) - 91xI0E A5xd0 S 2% 01077
= peak 7 DSOH™) DL T T I T Td w1074

@ Activation ol polyelectrolytes

& Characteristic fragments ol functional group 5
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& Sensitivity to the length of the alkyl chain contained in the polymer backbone

o Compare (1) and (4) - very similar from ther chemical viewpoint = dilferent MC peak intesities

® Dillerence: Table 3
Formulae of the main characteristic jons observed in the positive 81 mass spectrum of polyelectrolyte (7). The lon mass is indicated

(1) - produce (CHyNT) with 14 carbon atoms i detions (21

(4) - produce ((J\llyNﬂ with 7 carbon atoms

M=5ED
+
@ Small changes in the chain structure I M=mab
PNy M =98 D
ol the polyelectrolytes give rise marked M=112D

" . . a . : : : M o= 126D
clfect in their organization within coating
) ¢ M= 140D

M peaks A TR B35 7 )

peak 58 D I
. ik = | A=t
peik 98 I 30 = 102

peak 112 D 1.0 = 1032 0.56 = 102
peak 126 D Oa = 102 029 = 12
peak 140 D 6l =107 020w 12




Chemical mapping of the surface

. - looks homogeneous
() (substrate ion) - strongly
inhomogeneous
« Inhomogenities - ( )
- counterions of (3)
- counterion of substrate
Contrast is weak - different emission
depth
Conclusion:
(3) covers the whole area but thickness of layer

varies from place to place
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Fig. 2. Chemical imaging of an imperfect assembly BT Images {a) o (d) show respectively the distribulion ol the
CyHgM ' 8 Ol and O ions on the surface. The field of view is approximately 30 » 50 um?*, The bright circle indicates the same
defect in the four IMARES




Effect of the multilayer build-up

(6)(7)(2) - thickness 30 A
(6)(7)(3) - thickness 20 A

Conclusion:

layers (2) are either less complete or
that the arrangement is such that the
pendant groups are not perpendicular

to the surface - slower decay of the
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Fig. 3. Relative intensity of the 58" substrate wn as 8 function
of the layer number (#) for two (vpes of assembly, BTV,
and 6 7).




Information depth in SIMS

Emission depth in static SIMS - Inm - organic materials ?

Knowledge of the emission depth of the substrate ions seemed of great interest for the
cvaluation of the layer quality

[f depth was similar for atomic (Si*, Si™) and molecularions (SiO4117,S05)
For deeper understanding of results
Two methods have been used
@ SIMS = XRR correlation between Slintensities and the thickness of the multilaver assamblies

» SIMS — XPS correlation



XRR correlation
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Fig. 4, X-ruy reflectivity versus the component of the photon
waveverior perpendicular 1o the interfaces (K_q), and best s
to the data, The poants are shifted wertically fiewr clarnity, The
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Fig & Belative intensitny of the 5i° subsiraie ion as a function
ol the film thickness fof three vpes of amembhes and for a
cleaned silicon wafer. The open circle () refers to the clean
silicon waler, the full corcle () the assemblies BKF1AL), (x=
1,21, the cross (k) to the assembly @7 VIF), and the plus (<)
tor the assemblics 6 TIEN, (x=23}) The thickness 15 mea-
sured by KRR, except i the case of the assembly s30T 105]1,.
where it is measured by AFM. The inset shows the linsar reln-
fon between the 51" sagial and the total miensity.

Elactron density (A )
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Fig. 5. Eleclron density profiles computed from the data of Fig 4
for the assemblies () @ATR2), and (b)Y 6HET),,




& SIMS - XPS correlation
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Fig. 7. (a) Correlation between the abeodute $i° 51 intensity and XPS 80 2p imensity (5%}, The open circle (2 ) refers to the assemblics Fig. & 1a) Correlation betweesn the XPS 5i 2p absolute intensity at different angles {15°, 25°, 357 and the %" 51 absolute intensity
160 and 357, the full cireke () 1o the assemblies TV and BRTIA2), (0= 1,2), and the cross (%) 1o the assemblies i W W3, for 4 samples {cleaned silicon, assembly BW7192), (x =23}, nssembly W71 0): . The 51 inlensities are mean values (3 valoes ot
{x=2-4} The inset shows the linear correlation between the redarive intensity of 5i° and the XPS atom percentage of 5 {b) Correlation leasty. | b Correlatron between the XPS 51 2p absolute intensity a1 different angles and the Si0H* 51 absolute intensity. (¢) Correlation
betwesn the absolute Si0H* and 5i* 51 intensities. (¢ Coreelation between the nbsalute S0, H ™ and 5i* S intensities between the XPS 5i Ip absolute intensity at different angles and the Si0,H ™ 5T absolute intensity.
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Conclusion

Tok SIMS offers valuable information about polyclectrolyte multilayeres assemblies

The sensitivity to the sample thickness in the case of very thin films — another tool to
cvaluate the sample quality

From correlation SIMS — XRR, XPS - atomic or small molecularions are less surface
sensitive than large molecular ions

Combination of several complementary techniques leading to a more fundamental
understanding



THE END

Thank you for your attention



