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(1856 - 1940)

Cambridge University
Cambridge, Great Britain

The Nobel Prize in Physics 1906

"in recognition of the great merits of his
theoretical and experimental investigations on
the conduction of electricity by gases"

The Nobel Foundation

first mass spectrometer

Joseph John THOMSON


http://www.nobel.se/physics/laureates/1906/

H+

Mass spectrum of
neon with masses
20 and 22 u
measured by

J. J. Thomson
(1913) using

his parabola mass
spectrograph




Francis William ASTON

(1877 - 1945)

Cambridge University
Cambridge, Great Britain

The Nobel Prize in Chemistry 1922
"for his discovery, by means of his mass
spectrograph,

of isotopes, in a large number of non-
radioactive elements,

and for his enunciation of the whole-
number rule"

The Nobel Foundation



http://www.nobel.se/chemistry/laureates/1922/
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Wolfgang Paul

(1913 - 1993)

University of Bonn
Bonn, Germany

The Nobel Prize in Physics 1989
"for the development of the ion trap
technique”

The Nobel Foundation



http://www.nobel.se/physics/laureates/1989/

A quite different type of mass
spectrometer — the first 180

magnetic sector field mass / |
spectrometer |

(see Figure 1.7), with directional = ==~ D
focusing of ions for isotope | /@]
analysis, was constructed N fﬁl \

vy Dempster, = Tl'

il

independently of other
instrumental developments in
mass spectrometry, in 1918.

A —ion source; B — electromagnet;
C — Faraday cup; D — electrometer



Basic investigations in mass spectrometry, continue to influence instrumental
developments.

The first application in iOn CyCIOt rO n
resonance MmMadass spectrometry

( I C R- M S) was described by

Sommer, Thomas and Hipple in 1949.



The instrumental development of

aquadrupole ion trap,

which can trap and analyze ions
separated by their m/z ratio using
a 3D quadrupole radio-frequency
electric field, was initiated

by Paul and coworkers in the
fifties.




In 1974, Comarisov and Marshall developed
Fourier transform ion cyclotron

resonance mass
spectrometry (FTICR-MS).

This technique allows mass spectrometric measurements
at ultrahigh mass resolution R = 100 000-1000 000,
which is higher than that of any other type of mass
spectrometer and has the highest mass accuracy at
attomole detection limits.



Ultrahigh mass resolution R = 100 000-1000 000, which is higher than that of any other type of
mass spectrometer and has the highest mass accuracy at attomole detection limits.



However,
NEEDS for Mass Spectrometry of HIGH

MASS BIOMOLECULES

were growing and
SOFT MS approaches were searched for ....



Two recently developed mass spectrometric techniques
have had a major impact on the analysis of large
biomolecules:

matrix-assisted laser desorption/ionization
mass spectrometry (MALDI-MS)

and
electrospray ionization mass spectrometry
(ESI-MS).

SOFT IONISATION



Fennand Tanaka (together with 2002

With rich) received the Nobel Prize
for chemistry in 2002 in recognition of their contribution to the

characterization of biomolecular
macromolecules and to mass spectrometry and nuclear resonance

spectroscopy (NMR).
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ELECTROSPRAY
Nobel Prize
for chemistry in 2002
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K. Tanaka

MALDI
Nobel Prize
for chemistry in 2002




MALDI TOF MS

Matrix Assisted
Laser Desorption lonisation

Time Of Flight

IVlass Spectrometry



MALDI

1.Laser Desorption lonisation LDI

Sample

+ MATRIX



MALDI

GAS

PHASE

Laser pulse

Sample

"+ MATRIX




IONISATION

The matrix absorbs the laser energy and from analyte
M the ions are formed

for example [M+H]+ in the case of an added
proton,

[M+Na]+ in the case of an added sodium ion,

or [M-H]- in the case of a removed proton.
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Awarded Order of Culture
at the imperial Palace on =
November 3rd, 2002 =

S TARTRAAATIERNY
. : .

Profs KARAS and HILLENKAMP, Germany : co-discovered
MALDI




Matrix Assisted Laser Desorption
lonisation

Time Of Flight Mass Spectrometry

[1] Karas M., Hillenkamp F., Anal. Chem. 1988, 60, 2299-2301.

[2] Tanaka K., Waki H., Ido Y., Akita S., Yoshida Y., Yoshida T., Rapid Commun. Mass
Spectrom. 1988, 8, 151-53.



Matrix-assisted laser desorption/ionization mass spectrometry
(MALDI-MS)

+TOF

PEPTIDES, PROTEINS
PROTEOMICS

BIOMOLECULES
TISSUE IMAGINING



1. LASER DESORPTION IONISATION
2. DELAYED EXTRACTION

3. TOF DETECTION

4. REFLECTRON



1. LASER desorption
lonisation




1. IONISATION

DELAYED EXTRACTION
TIME OF FLIGHT DETECTOR
REFLECTRON



High productivity: 384 samples/target




Matrices used for MALDI: M A L DI

HO\T:::I:COOH
OH

Dihydroxybenzoic Acid (154,1)

~_-COOH
JO
HO

a-Cyano-4-hydroxycinnamic Acid (189,17)

CKWi::IiCOOH
OH

5-chlorsalicylic Acid

(172,6)
CH50 \_COOH
HO
OCH;

Sinapinic acid
(224,21)



Axima Kratos - CFR Shimadzu
Mass Spectrometer

Nitrogen laser 337 nm,

pulse duration 3 nS

B |

Time Of Flight
Mass Spectrometry

CHC, S ] e [on Acceleration
DHB, \\\‘ i}

DHC, S #

OHP

4_
A _
N : i Linear positive
MAtrix/Sample Mixture® « | ff Desorption/Tonization .m',’de




Principals of LDI and MALDI

1. Ultra short laser pulse, typically t ~ 3 ns
(LDI, MALDI), max. us.

Molecules are vaporized BEFORE
decomposition.

2. Energy is absorbed mostly by matrix
(M), not by analyte.

g (matrix) >> ¢ (analyte), c(matrix) >> c(analyte)

Matrix —» MH*, M*, M*, fragments, ions of
fragments.

Analyte, dispersed in matrix, is vaporized
together with matrix.




The problem: Peaks are inherently broad in MALDI-TOF
spectra (poor mass resolution).
The cause: lons of the same mass coming from the target have

different speeds. This is due to uneven energy distribution
when the ions are formed by the laser pulse.

Sample + matrix on target

lons of same mass, different

//veloc/ltles




DELAYED EXTRACTION

15000 1MET1
Linear TOF-MS
o0 Resoiion = 500 (FWH)
5000 /f
y e
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] —————— P
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Can we compensate for the initial
energy spread of ions of the same
mass to produce narrower peaks?

Delayed Extraction

Reflector TOF Mass Analyzer



2. DELAYED EXTRACTION



Delayed Extraction (DE) improves performance

lons of same mass, different velocities

v

Step 1: No applied electric field. lons spread out. OV
(+ ) >
20 kV. 5 o—
oV.
Step 2: Field applied. Slow ions accelerated more than fast ones.
L —
20 kV. o—
Oo—

Step 3: Slow ions catch up with faster ones. OV




3. DELAYED EXTRACTION

A “delayd extraction”.

This is basically @ time delay

between ion generation
and allowing the ions to go into the flight tube.

This, in a way, cools the ions and Narrows their initial

kinetic energy distribution, so they start with
more uniform kinetic energies improving resolution.



DELAYED EXTRACTION
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TIME OF FLIGHT TOF

The mass-to-charge ratio of an ion is proportional to the square of its d rlft

time ¢ Time Of Fiigh)

= Drift time

= Drift length

= Mass

= Kinetic energy of ion

= Number of charges on ion

|



5. REFLECTRON



MALDI TOF MS

1 Moderni hmotnostne spektrometricka metoda

tlumici

kolecko

hranol laser

N / reflektronovy

kovovi detektor

vysokonapétové elektricka a
desky cocka vakuové
pumpy

Schéma pristroje MALDI TOF



What is a reflector TOF analyzer?

A single stage gridded ion mirror that subjects the ions to a uniform repulsive electric field to
reflect them.

Detector

lon Source

—

Reflector (lon Mirror)

The reflector or ion mirror compensates for the initial energy spread of ions of
the same mass coming from the ion source, and improves resolution.



A reflector focuses ions to give better mass resolution
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Reflector
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Counts

8000

6000

4000

2000

Resolution & mass accuracy on mellitin

Resolution = 18100
15 ppm error

Resolution = 14200

24 ppm error

Resolution = 4500

55 ppm error

2840 2845 2850 2855

Mass (m/z)
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Matrix-assisted laser desorption/ionization mass spectrometry
(MALDI-MS)

+TOF

PEPTIDES, PROTEINS
PROTEOMICS

BIOMOLECULES
TISSUE IMAGING

INORGANIC MATERIALS?
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INORGANIC COMPOUNDS

MATERIALS
NANO-MATERIALS

SURFACES
Laser ablation synthesis

Examples:



Fullerene

Nanoparticles
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Nanorods Nanodiamonds

Nanomaterials _



Silver or silver nanoparticles: a hazardous threat to the environment
and human health?

- 1341083

Sl ﬂ215-7 8632

ﬁ a0 100

% ) masAgwssAg 861 2

% 40 1069Ag1059Ag /\_j %80 N

IR C

2 k_/ %

- 6 om o < 60

& 10 215.8 859.2

gul B 40

c 2138 867.2

g 278

g, 40 0

€ 857.2

E ' 869.2
e 20 212 o1 256 28 0 859.2 871.2

l 850 8% 80 85 80 85 880
Miz Mass/Charge

Ag, cluster Agg cluster

N. R. Panyala, E. M. Pena/Mendez,et al. Silver or silver nanoparticles: a hazardous1
threat t0o the environment and hitrman health? 1 Anpl Riomed 2002 A 117



NANO GOLD



Structure of selected Nano-gold clusters

oo fdh B &

* Au,;-Aug planar, higher 3D

cation neutral anion
Structure of clusters e.g. like AU7 Is different for cation, neutral and

_ anion
« Structures of some higher gold clusters:

53
Bulusu, S., Li, Xi., Wang, L.S., Zeng, X.C. (2006) Evidence of hollow golden cages. PNAS, 103: 8326-8330.



Titanium carbide, TiC




Titanium Carbide —DLC composite MAGNETRONE SPUTTERING

100 ] .
Experiment Experiment
—_ 50
o
| S}
>
. =
(7))
= 0
93
c Model Model
; 100 - 852.6 852.6
> TizC,H,,O7 TizC,sH;0,y
- 850.6
% 850.6| | 854.5 Ti,C,,H,0, TigC,sH 0,y
o 854.6
50
848.6 856.6 848.6
A | A u ﬂass.s
0‘ ad A ﬂ ' : AA A | L /) ]\
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. Laser desorption ionisation quadrupole ion trap time-of-flight mass spectrometry of
titanium-carbon thin films. Rapid Commun. Mass Spectrom, 2013, 27, 1-7.



SURFACE ANALYSIS

CLEANING via PLASMA TREATMENT

A. Pamreddy, D. Skacelova, M. Hanicinec, P. Stahel, M. Stupavska, M.
Cerndk a J. Havel. Plasma cleaning and activation of silicon surface in

Dielectric Coplanar Surface Barrier Discharge. Surf. Coat. Technol., 2013,
236, 326-331.



FIGURE X

Desorption
Laser pulse(s) and/or ionisation
E LASER ABLATION OF
Laser pulse(s) BULK MATERIAL

[A] [B]

O . [ ]

A. Pamreddy, D. Skacelova, M. Hanicinec, P. Stahel, M. Stupavska, M. Cerndk a J. Havel. Plasma cleaning
and activation of silicon surface in Dielectric Coplanar Surface Barrier Discharge. Surf. Coat. Technol.,
2013, 236, 326-331.



LASER ABLATION synthesis



GOLD ARSENIDES

there are just a few known

Au+As = ?



GOLD ARSENIDES

there are just a few known

Au+As = ?

L. Prokes, E. M. Pena-Méndez, J. E. Conde, N. R.
Panyala, M. Alberti and J. Havel, Laser ablation synthesis of
new gold arsenides using nano-gold and arsenic as

precursors. LDI-TOF mass spectrometry and spectrophotom.,
Rapid Commun. Mass Spectrom. 2014 Mar 30;28(6):577-86 .



w b : T e A S

SEM MAG: 100.0 kx WD: 4.77 mm ; MIRA3 TESCAN
View field: 2.77 pm Det: InBeam, InBeam BE
Date(m/d/y): 06/14/13 Bl: 8.00 Department of Physical Electronics, CEPLANT
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GOLD ARSENIDES

... more than

450

new gold arsenides were identified ...
L. Prokes, E. M. Pena-Méndez, J. E. Conde, N. R. Panyala, M. Alberti and J. Havel,

Laser ablation synthesis of new gold arsenides using nano-gold and arsenic as precursors. LDI-TOF
mass spectrometry and spectrophotometry, Rapid Commun. Mass Spectrom. 2014 Mar 30;28(6):577-

86 .



MALDI TOF MS
s first of all used for analysis peptides-proteins
In Proteomics

PROTEOMICS
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use of MALDI TOF MS
peptides-proteins in Proteomics
But also
i) inorganic compounds and nano-materials

(i) adsorbed organic and/or inorganic compounds on
various surfaces

(iii) Elucidate chemical structure of coordination polymers
MOF’s

(iv) Laser Ablation Synthesis



MALDE-> SALDI -> SELDI -> NALDI

Surface Assisted LDI
Surface Enhanced LDI
NAno Particles LDl
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Gold nanoparticles (GNPs) used as a drug carriers

Drug molecule

Gold nanoparticle Drug loaded Gold nanoparticle

Cell

75



EXPLOADING Gold nanoparticles

a b
grax ;monmmecmml Laser radiation
Shock waves with
supersonic expansion
nhv Au
Explosia Au atoms and clusters
e high velocity
Hoh-pressure
layers
Cancer cell Cancer cell

Nano photothermolysis of cancer cells

R. R. Letfullin, et al. Laser induced explosion of gold nanoparticles: potential role 78
for nanophotothermolysis of cancer. Nanomedicine 2006, 1, 473.



Titanium carbide, TiC

F. Amato, N. R. Panyala, P. Vasina, P. Soucek, J. Havel. Laser desorptionionisation
quadrupole ion trap time-of-flight mass spectrometry of titanium-carbon thin films. Rapid
Commun. Mass Spectrom, 2013, 27, 1-7.



Titanium carbide, TiC
RESULTS:
Ti-C films were found to be composites of

(i) pure and hydrogenated TiC

(ii) titanium oxycarbides, and [Tig(g)CnOp:H].

(iii) titanium oxides of various degrees of hydrogenation
(all embedded in an amorphous and/or diamond-like
carbon matrix).

(iv)JHydrogenated titanium oxycarbide is was the main
component of the surface layer, whereas while deeper
layers are were composed mostly primarily of TiC and
titanium oxides (also embedded in the carbon matrix).

[Ti8C25010H8], [Ti8C25010H9], and [Ti8C25010H10]

F. Amato, N. R. Panyala, P. Vasina, P. Soucek, J. Havel. Laser desorptionionisation
quadrupole ion trap time-of-flight mass spectrometry of titanium-carbon thin films. Rapid
Commun. Mass Spectrom, 2013, 27, 1-7.



SURFACE ANALYSIS

CLEANING via PLASMA TREATMENT

A. Pamreddy, D. Skacelova, M. Hanicinec, P. Stahel, M. Stupavska, M.
Cerndk a J. Havel. Plasma cleaning and activation of silicon surface in

Dielectric Coplanar Surface Barrier Discharge. Surf. Coat. Technol., 2013,
236, 326-331.



FIGURE X

Desorption
Laser pulse(s) and/or ionisation
E LASER ABLATION OF
Laser pulse(s) BULK MATERIAL

[A] [B]

O . [ ]

A. Pamreddy, D. Skacelova, M. Hanicinec, P. Stahel, M. Stupavska, M. Cerndk a J. Havel. Plasma cleaning
and activation of silicon surface in Dielectric Coplanar Surface Barrier Discharge. Surf. Coat. Technol.,
2013, 236, 326-331.



CARBIDES, NITRIDES, ....

Boron nitrides

P3Ns



CARBIDES, NITRIDES, ....

Boron nitrides

P3N;

Applications
Ceramic applications
-sintering additives
-pigments
-ionic conductors
-microporous materials
-for the doping of semiconductors

Aims

-to study laser ablation ionization of solid P;N: and analyse P, N _*/~ clusters
formed in order to understand the formation of phosphorus-nitrogen clusters
-and/or also to check the possibility of generating nitrogen rich compounds

As POSSIBLE HIGH ENERGY CONTENT MATERIALs




LDI TOF MS
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Matrices

2,5-dihydroxybenzoic acid (DHB)

fullerene (C,)

a-cyano-4-hydroxycinnamic acid (CHC)
1,8-dihydroxy-9[10H]-anthracenone (DIT)
3-hydroxypicolinic acid (HPA)
trans-2-[3-(4-terc-butylphenyl)-2-methyl-2-propenylidene]-
malononitrile (TMN)

2-amino-5-nitropyridine (ANP)

Sulfur

Selenium



HPA

:
UNTEE
4 L) g
+ N'd A
u/ ]
ARSI 3
+N°d 4%
NG B |
=~Zm\*\e+ =0
+Zm |MM<UU
9\ 19 9M
+N'd L?RUU
SN (N
~ “
o
O
- AN
S\1€ .
JING— 3
O
10
e, — 31 T
o o o
o 0

[%] Ansuajul anne|ay

m/z



TMN

™~
_
e o]
Z
e
-y
s v Nd — 3
5 Nd— =9
o —
: E
=
m SNd =
(R
= N (N R
=
_'HN —
INTE Efe
-'N'd —
o o | o
o (@)

[%] Aysuajul anne|ay

m/z



S. D. Pangavhane, L. Hebedova, M. Alberti and J. Havel, Laser ablation synthesis of new phosphorus
nitride clusters from a-P3N5. Laser desorption ionization and MALDI time of flight mass spectrometry,

Rapid Commun. Mass Spectrom., Rapid Commun. Mass Spectrom. 2011, 25, 1(wileyonlinelibrary.com)
DOI: 10.1002/rcm.4937.



Summary

Phosphorus nitride

» Many new N, and binary P, N_cluster ions were identified in
positive and negative ion modes

» It was found that HPA is the most suitable matrix to
generate nitrogen rich P_N_ clusters in positive ion
mode

» high nitrogen clusters (up to N,.”) generated by laser
from a solid material are described for the first time
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CHALCOGENIDE
GLASSES



Chalcogenide elements in Mendeleev Table

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Th

Pa

Pu

Am

Cm

Bk

Cf

Lu

H m
Es |Fm|Md

No

Lr




Chalcogenide glasses Ga5Ge208b10865




transmit focus light













Pulsed laser deposition

Laser beam

Port with
- quartz window

Target

carrousel Heatable

sample stage

Rotating target acuum chamber




Phase change random access memory chip




Scientific instruments

Waveguides Micro-lenses Relief Gratings




Chalcogenide glass photonic chip

N

Push internet speeds






Infrared technology in communication

Main advantages for this technology are:

-stable and scalable communication method.
-high-speed communication with low cost.
-does not interfere nor is it disturbed by other
radiofrequency devices.

-Information is secured

-license free and can be used worldwide.



Live-Cell based bio-optic sensors

-Live human lung cells are coated onto an IR transparent chalcogenide glasses fibres

-Biochemical change in the living cells

-Detection minute quantities of bio-hazardous and toxic molecules
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Minimally invasive surgery

Fibre optic camera for endoscopy

Rotator Cuff

\I MendMeShop

An arthroscope uses optical fibers to form an image of the damged cartilage, which itsends to atelevisionmonitor that helps the
surgeon perform surgery. (llustration by Argosy inc.)




Gastroscopy Colonoscopy

Colonoscopy




Growth of Brain tumour

3D image of brain helps to understand growth of tumour




What is the structure for?



To mass analyser

-+

Analyte

Glass sample deposited on target
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Isotopic envelope
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Composition of the glasses studied

As-Se

AsSe,, As,Se,;, As,Se,, As,Se,, and As,Se;

As-S-Se

AS33S33 55535, AS33S5,5€, 7, and Asz3S,;Seg

Ga:Ge, ShpSes

Er doping: 0.05, 0.1, 0.5 w.%



As Se,: Glasses of the composition studied

)

> AsSe,

| Selenium rich

> As,Se;

> AS4SG4 a— 11

)

» As,Se,

b Arsenic rich

> As,Se,
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Effect of laser energy: As,Se; Glass
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Intensity [a. u.]

Raman spectra for As-Se glasses

— As rich glass (As,Se;): As, Raman

Raman shift [cm™]

/

/

band at 206 cm!
As,Se, As,Se,

Se rich glass (AsSe,): -Se-Se-Se-
chains or AsSe; units, band at
238 cm?

As rich cage like structures As,Se, and
As,Se,

AsSe, pyramidal units (broad band
at 220-230 cm™1)
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Se,, glass

AS3355
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(A) AS3 S+
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Relative intensity [%)]

Spectra of bulk and nano layer of glasses
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Er Doped glass: Ga-Ge-Sbh-S




Erbium doped GasGe,sSb,S4, glass

1. Suitable thermo-mechanical properties for optical fibre drawing
2. Gallium allows better solubilisation of erbium ions

3. Erbium posses mid-IR emission around 4.5 um
IR emissions beyond 3 pm are scarcely reported using other
rare earth elements (Terbium, Dysprosium, Holmium, Thulium,

etc).



Ga:Ge,,Sb,;S4: glass

Er doping: 0.05, 0.1, 0.5 w.%

- Strong luminescence Fiber amplifier and near/mid
- Laser action infrared laser devices

- IR emission at std telecommunication wavelength ~1540 nm
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Ga:Ge,,Sb,,S4: glass Er 0.5 w.%
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Raman Spectra

Intensity (a.u.)

[GeS,,] tetrahedra

~330-340 cm-!
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STRUCTURE of CLUSTERS



Structures: series of clusters
Arsenic:chalcogen = 3:3 and 3:4
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Structures: series of clusters
Arsenic:chalcogen = 3:3 and 3:4
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Relative Intensity [%0]

Mass spectra of a mixture (1:1) of As,S; and S,
as precursors
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Comparison of theoretical and experimental mass spectra of AsS,*
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Some structures of AsS, (n=1-7) clusters were
demonstrated by QUANTUM CHEMISTRY MODELLING

D

2.10 A 0.2542

103.0° 102.6°

G. Ramirez-Galicia, E. M. Pefia-Méndez, S. D. Pangavhane, M. Alberti, J. Havel, Mass
spectrometry and ab initio calculation of AsS, (n = 1-7) ion structures, Polyhedron 29
(2010) 1567-1574.



Do Mass Spectra Reflect Condensed-Phase Chemistry of

Glasses?
YES,

Mass spectrometry is giving (some) information about the structure of the glasses

S. Dagurao Pangavhane, J. Houska, T. Wagner, M. Pavlista and Josef Havel, Laser
ablation of ternary As-S-Se glasses and clusters analysis by time of flight mass
spectrometry, Rapid Commun. Mass Spectrom., 2010, 24: 95-102.
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Atomic switch
memory Ge,Sb,Te.

J. Houska, E. M. Pefa-Méndez, J. Kolar, J. Pfikryl, M. PavliSta, M. Frumar, T. Wagner a J. Havel. Laser Desorption Time
of Flight Mass Spectrometry of atomic switch memory Ge2Sb2Te5 thin films, Rapid Commun. Mass Spectrom, 2014,
in print.
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What is the structure of
chalcogenide glasses
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http://crystals.otterbein.edu/gallery/alum.html

Dan Shechtman

(Hebrew: ;nuow |1

born January 24, 1941 in
Tel Aviv)tl

Technion — Israel Institute
of Technology

The Nobel Prize in Chemistry 2011
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http://en.wikipedia.org/wiki/Technion_%E2%80%93_Israel_Institute_of_Technology
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Are chalcogenide glasses SEMI-CRYSTALS
or
even less organized

CHAOTIC CRYSTALS (Havel's term)




LASER ABLATION SYNTHESIS



LASER ABLATION SYNTHESIS

Gold carbides
Gold arsenides

Gold phosphides

Gold tellurides
Gold selenides

Precursor: mixture of elements or compounds = TOF MS
analysis



Gold phosphides Applications

Gold Phosphide is a semiconductor used in

(1) high power, high frequency
applications

(1) laser diodes

(i) biomedical technology

(Iv) faprication of_high purity gold | Gold phosphide
phosphide sputtering targets - useful in sputtering target
semiconductor, chemical vapour
deposition (CVD) and physical vapour
deposition (PVD) display and optical
applications

166



AugP5 unit cell

Two phenyl rings bound to each phosphorus are not shown.

P. Sevillano, O. Fuhr, E. Matern, D. Fenske. Synthesis, Crystal structure and
Spectroscopic Characterization of [Au,,(PPh),(P,Ph,),(dppm),CI,]Cl,. Z. Anorg. Allg.

Chem. 2006, 632, 735-738.
167



Heterocyclic structures as proposed by X-D. Wen et al. 2009

Au,P heterocycle

X-D Wen, T. J. Cahill, R. Hoffmann. Element Lines: Bonding in the Ternary Gold
Polyphosphides, Au,MP, with M ) Pb, Tl, or Hg. J. Am. Chem. Soc. 2009, 131, 2199.

M. Eschen, W. Jeitschko. Au2PbP2, Au2TIP2, and Au2HgP2: Ternary Gold

Polyphosphides with Lead, Thallium, and Mercury in the Oxidation State Zero. J.1&§olid
State Chem. 2002. 165. 238.



Gold phosphides

These compounds contain a framework of condensed Au,Pg and Au,Pg rings
forming parallel channels, which are filled by lead, thallium, or mercury atoms.

M. Eschen, W. Jeitschko. Au,PbP,, Au,TIP,, and Au,HgP,: Ternary Gold
Polyphosphides with Lead, Thallium, and Mercury in the Oxidation State Zero. J. Solid
State Chem. 2002, 165, 238.

X. D. Wen, T.J. cahill, R. HOffmann. element Lines: Bonding in the Ternary

Gold Polyphosphides, Au,MP, with M= Pb, Tl, or Hg. J. Am. Chem. Soc. 2009, 131,
2199.
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LASER ABLATION SYNTHESIS
of gold phosphides

from
NANOGOLD and RED PHOSPHORUS

precursors

N.R. Panyala, Havel J, et al. Laser ablation synthesis of new gold phosphides using red
phosphorus and nano-gold as precursors. Laser Desorption lonisation time-of-flight Mass ;-4
Spectrometry. Rapid Commun. Mass Spectrom. 2013
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Table. Overview of clusters detected in plasma plume via laser desorption ionisation of red
phosphorus +nanogold mixture

AunP, clusters observed (excess of gold)
Positive ion mode
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AU12+
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Summary
1.Rich family of several series of Au_P,, clusters

was detected In positive and negative ion
modes via laser ablation synthesis.
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Summary
1. Rich family of several series of Au P, clusters was detected in positive and negative

lon modes via laser ablation synthesis.

2.The formation of fullerene like phosphorus
containing Au. P, (m=1, n=14, 16, 20, 24, 28,
30, 32, 40, 44 and 60) clusters was suggested.
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Summary

1. Rich family of several series of Au P, clusters was detected in positive and negative
lon modes via laser ablation synthesis.

2. The formation of fullerene like phosphorus containing Au,P, (m=1, n=14, 16, 20, 24,
28, 30, 32, 40, 44 and 60) clusters was suggested.

3.Experimental evidence of AuP, cluster
formation given for the first time. —possible

fullerene?
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Summary
1. Rich family of several series of Au P, clusters was detected in positive and negative

ion modes via laser ablation synthesis.

2. The formation of fullerene like phosphorus containing Au,P, (m=1, n=14, 16, 20, 24,
28, 30, 32, 40, 44 and 60) clusters was suggested.

3. Experimental evidence of AuPg, cluster formation was proved for the first time.

4. Au_P. (m=1, n=10, 14, and 40) clusters
formation containing “magic” numbers of
phosphorus atoms (n=10, 14, and 40) was
detected.
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Summary
1. Rich family of several series of Au P, clusters was detected in positive and negative

lon modes via laser ablation synthesis.

2. The formation of fullerene like phosphorus containing Au,P, (m=1, n=14, 16, 20, 24,
28, 30, 32, 40, 44 and 60) clusters was suggested.

3. Experimental evidence of AuPg, cluster formation was proved for the first time.

4. Au,P, (m=1, n=10, 14, and 40) clusters formation containing “magic” number of
phosphorus atoms (n=10, 14, and 40) was detected.

5.Experimental proof of gold-covered phosphorus
P.,Au,, (n=1, 2, and 4) clusters formation is

given.

R
0000
WwW

N.R. Panyala, et al. Rapid Commun. Mass Spectrom. submitted .



Summary
1. Rich family of several series of Au P, clusters was detected in positive and negative

lon modes via laser ablation synthesis.

2. The formation of fullerene like phosphorus containing Au,P, (m=1, n=14, 16, 20, 24,
28, 30, 32, 40, 44 and 60) clusters was suggested.

3. Experimental evidence of AuPg, cluster formation was proved for the first time.

4. Au,P, (m=1, n=10, 14, and 40) clusters formation containing “magic” number of
phosphorus atoms (n=10, 14, and 40) was detected.

5. Experimental proof of gold-covered phosphorus P, Au,, (n=1, 2, and 4) clusters
formation is given.

6.Phosphorus-rich clusters e.g. AuPg,", AUP 44
clusters were detected.

The knowledge about the generation of Au-P clusters might be useful for the inspiration
to fabricate new Au-P materials with specific properties.
The elucidation of the structures will require additional experimental and computing work.
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Endohedral Au@P¢,?? Or Au is bound to Py,
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Cluster-cluster structures ?
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CONCLUSIONS

Instrumentation of MALDI, LDI (matrix free) TOF MS
can be used for characterization of INORGANIC
MATERIALS including NANO MATERIALS or for analysis
of surfaces....

In spite of the fact that LDI is partially destructive, some information about the
original structure of the materials is obtained

“Puzzle items” of structural fragments can be useful to elucidate the structure of
inorganic materials, e.g. of chalcogenide glasses

Combination of LDI TOF MS with non-destructive methods like Raman, NMR etc is
needed and highly reccomended

LDI TOF MS based LASER ABLATION SYNTHESIS is promising technique for generation
of new un-usual clusters and might initiate development of new materials with unusual
properties
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CONCLUSIONS

Instrumentation of MALDI, LDI (matrix free) TOF MS can be used for
characterization of INORGANIC MATERIALS including NANO MATERIALS

Or for analysis of surfaces....

In spite of the fact that LDI is partially destructive, some information about the original
structure of the materials is obtained

“Puzzle items” of structural fragments can be useful to elucidate the structure of
inorganic materials, e.g. of chalcogenide glasses

Combination of LDI TOF MS with non-destructive methods like Raman, NMR etc is
needed and highly reccomended

LDI TOF MS based LASER ABLATION SYNTHESIS is
promising technique for generation of new un-usual
clusters and might initiate development of new materials
with unusual properties
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