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Hmotnostni spektrometrie v poslednich dvaceti letech
pronikd ze specializovanych laboratoii do vyzkumnych
i aplikacnich laboratoii nejriiznéjsiho zaméteni. Jeji rozsiteni
je spojeno s poznanim zékladnich dé&ju pfi ionizaci latek, se-
paraci a fragmentaci iontll a s navazujicim instrumentalnim
vyvojem. Dnes Ize podrobit hmotnostné spektrometrické ana-
lyze prvky aizotopy, malé organické molekuly, ale i velké
proteiny, latky polarni i nepolarni, t€kavé i termolabilni, a to
vSe Casto ve slozitych matricich. Technicky pokrok rovnéz
zjednodusil obsluhu piistroju a zvysil jejich robustnost. Hmot-
nostni spektrometrie se naptiklad vyuziva jako nastroj vyzku-
mu v biologickych oborech, pfi hledani i vyrobé novych Iékt,
pfi kontrole potravin a zivotniho prostedi. Jako nastroj anti-
dopingové kontroly je neodmyslitelnou soucdasti zajisténi
i vrcholnych sportovnich udalosti véetné olympijskych her.
Hmotnostni spektrometry jsou instalovany i na palubach ves-
mirnych sond. Jejiho vyznamu pro forenzni védy
a vySetfovani trestnych ¢intl si v§imli i autofi televiznich seri-
alu, kteti ji, byt v ponékud zjednodusené podobé, predstavuji
divakiim jako vysoce vykonnou analytickou techniku.

Moznosti hmotnostni spektrometrie 1ze dokumentovat
na fad¢ prikladi pravé z oblasti forenzni. Prvkova analyza
hmotnostni spektrometrii s indukéné vazanym plazmatem
(ICP-MS) byla aplikovéna pii analyze materialu stiel, pfi¢emz
kromé zastoupeni prvkd byly sledovany i vybrané izotopy
s cilem prokazat, ze které zbrané byl vystielen smrtici projek-
til'. ICP-MS s laserovou ablaci miize poskytnout informace
pro odliSeni pozistatkti riiznych jedinct na zékladé distribuce
prvkd v kostech a zubech?®. Uréeni poméru stabilnich izotopi
uhliku hmotnostnim spektrometrem dovoluje odhalit dopova-
ni testosteronem® & piispiva k zachyceni pancovani potravin®,
napf. pfimichavani levnéjsiho sirupu do sirupu javorového.

Do oblasti analyzy organickych molekul patéi znacny
pocet aplikaci vénovanych identifikaci a stanoveni drog nebo
kontrole potravnich doplnkd, kdy udajny ucinek ptirodniho
materidlu je podpoifen pfidanim syntetizované ucinné latky,
Vyznamnou oblasti je i problematika novych drog a tzv.
»suvenyrl z Amsterdam shopt“.

Pfimé analyza vzorkt bez jejich predchozi Gpravy nebo
pouze s velmi jednoduchou upravou se opira o tzv. ambientni
ioniza¢ni techniky studované v poslednich letech. Prokazat
Ize jimi drogy na bankovkach’, coZ miiZe potencialng pomoci
pii vySetfovani prodeje a distribuce drog, nebo lze odhalit
vybusniny pfimo na zkoumaném povrchu® (mozné vyuziti pii
kontrolach na letiStich). Zminéné techniky dovoluji potvrdit
pfitomnost drogy ¢i toxinu v biologickém materialu, kontrolo-
vat piibarvovani vin’. Ambientni ionizace i dal§i piistupy
zaloZené na hmotnostni spektrometrii jsou testovany pro Gce-
ly odhalovéani umysln& zalozenych pozari®®. Zajimavou ob-
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lasti je také analyza inkoustd a barviv pii odhalovani fales-
nych bankovek a podvrhii listin'® & pii datovani uméleckych
dél. Prikladem dokumentujicim vyuziti analyzy proteinti mu-
ze byt metoda prokazujici pfimichani kravského mléka do
koziho'".

Do oblasti forenzni analyzy vstupuje i zobrazovani
hmotnostni spektrometrii. Lze sledovat distribuci drogy
vjediném vlasu drogové zavislého jedince'? nebo zobrazit
chemicky otisk prstu s prokreslenim papilarnich linii, coz
muze prokazat manipulaci jedince s kondomem pii vySetiova-
ni sexudlniho utoku'?.

Uvedeny ptehled zahrnuje i metody, které jesté zdaleka
nejsou soucasti bézné vysetfovaci praxe, a neni zcela jisté
vycerpavajici, ale doklada potencial hmotnostni spektrometrie
pti odhalovani trestnych ¢intl. Pro jeji plné vyuziti je zcela
nezbytné, aby kvalifikovany analytik dokéazal efektivné spolu-
pracovat jak s kriminalisty, tak s ostatnimi odborniky, ktefi se
na vySetfovani podileji. V soucinnosti pak spravné interpreto-
val ziskana data v kontextu vysettované¢ho skutku ¢i udalosti.

Tato prdce vznikla za podpory Ministerstva Skolstvi, mladeze
a télovychovy Ceské republiky, projekt MEI10013 (Kontakt)
a CZ.1.05/2.1.00/03.0058 (Operacni program Vyzkum a vyvoj
pro inovace, Evropsky fond pro regionalni rozvoj).

LITERATURA

1. Ulrich A., Moor Ch., Vonmont H., Jordi H.-R., Lory M.:
Anal. Bioanal. Chem. 378, 1059 (2004).
Castro W., Hoogewerff J., Latkoczy Ch., Almirall J. R.:
Forensic Sci. Int. 795, 17 (2010).
. Cawley A. T., Flenker U.: J. Mass Spectrom. 43, 854
(2008).
Meier-Augenstein W., Liu R. H., v knize: Adv. in Foren-
sic Applications of Mass Spectrometry, (J. Yinon, ed.),
kap. Forensic Applications of Isotope Ratio Mass
Spectrometry. CRC Press LLC, New York 2004.
Armeta S., de la Guardia M.: TRAC-Trends Anal. Chem.
27,344 (2008).
. Cotte-Rodriguez 1., Takats Z., Talaty N., Chen H., Cooks
R. G.: Anal. Chem. 77, 6755 (2005).
Hartmanova L., Ranc V., Papouskova, B., Bednat P.,
Havli¢ek V., Lemr K.: J. Chromatogr., A 1217, 4223
(2010).
. Cody R. B., Laramée J. A., Dupont Durst H.: Anal.
Chem. 77, 2297 (2005).
Montani I., Comment S., Delémont O.: Forensic Sci. Int.
194, 115 (2010).
Tang H.-W., Wong M. Y.-M., Chan S. L.-F., Che C.-M.,
Ng K.-M.: Anal. Chem. 83, 453 (2011).
Miiller L., Bartik P., Bednai P., FrySova 1., Sevéik I,
Lemr K.: Electrophoresis 29, 2088 (2008).
. Porta T., Grivet C., Kraemer T., Varesio E., Hopfgartner
G.: Anal. Chem. 83, 4266 (2011).
Bradshaw R., Wolstenholme R., Blakledge R. D., Clench
M. R., Ferguson L. S., Francese S.: Rapid Commun.
Mass Spectrom. 25, 415 (2011).

2.

10.

11.

13.



Chem. Listy 106, 479-481 (2012)

PL-02
BIO-INSPIRED STRUCTURES AND FUNCTIONS

EHUD KEINAN

Schulich Faculty of Chemistry, Technion — Israel Institute of
Technology, Haifa 32000, Israel, Department of Molecular
Biology and the Skaggs Institute for Chemical Biology, The
Scripps Research Institute, La Jolla, California 92037, USA

Understanding how nature solves specific problems and
achieves specific task may lead to new concepts and new
technologies. The following four examples were inspired by
biological principles.

Catalytic Antibodies. A relatively unexplored oppor-
tunity in the science of biocatalysis is the in vivo modification
of an organism phenotype by incorporating the gene that en-
codes for a catalytic antibody into the genome of that orga-
nism. An attractive application of this concept would be the
expression of such a catalyst in transgenic plants to award the
plant with a beneficial trait. For example, introduction of
herbicide-resistance trait in commercial plants is highly desi-
rable because it allows growing the crop plant in the presence
of a non-selective herbicide that affects only weeds and other
undesired plant species. We have shown that herbicide-
resistant plants can be engineered by designing both herbicide
and a catalytic antibody that destroys it in planta.

Bio-Molecular computing is defined as a programma-
ble cascade of chemical events. We have developed various
programmable finite automata that compute autonomously
with all of their hardware, software, input and output being
soluble biomolecules mixed in solution. Various aspects and
applications of this concept will be discussed as encryption
and deciphering of images and construction of a molecular
transducer.

Cucurbituril-based rotaxanes, sensors and rotary
motors. The cucurbituril host-guest chemistry has been ex-
ploited for the development of specific chemical sensors via
interconnected cascades of binding equilibria and for initial
attempts to construct rotary motors. The following topics will
be discussed: Switchable cucurbituril fluorescent beacons,
studies towards the construction of molecular rotary motors,
and the mechanochemistry of rotaxanes.

Synthetic capsids. Stable structures of icosahedral sym-
metry can serve numerous functional roles, including chemi-
cal micro-encapsulation and delivery of drugs and bio-
molecules, epitope presentation to allow for an efficient im-
munization process, and synthesis of nanoparticles of uniform
size. By examining physical models of spherical virus assem-
bly we have arrived at a general synthetic strategy for produc-
ing chemical capsids at size scales between fullerenes and
spherical viruses. Such capsids can be formed by self-
assembly of pentagonal molecules based on the corannulene
core and equipped with specific binding mechanisms, inclu-
ding hydrogen bonding, metal binding and disulfide bonds.
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Knowledge in the molecular magnetism has been en-
riched substantially in recent two decades. In addition to the
molecular analogues of the Prussian blue forming 3D-
networks of cyanido-complexes, the organic ferromagnets
assembled of 1D-chains of metal complexes linked by TCNE
and TCNQ ligands are well known'”. The most fascinating
class, however, is represented by single-molecule magnets.
Pioneered by the famous “Mn12” complex, an initial period
was characterized by searching for the clusters of Mn(IIT) and
Fe(IIl) as big as possible possessing structure of plaquettes,
wheels, grids, or endohedral keplerates™*.

The life-time of the definite spin state |S,Ms> is deter-
mined by the barrier to spin reversal; its height A is propor-
tional to the square of the spin and the anisotropy constant
that is given by the axial zero-field splitting parameter D: A =
ID|S”. Therefore, large total spin provided by the ferromagnet-
ic interaction gives a predisposition of high relaxation time.
The second factor, however, is also in the play so that even
with small spin but with large D, the low-nuclearity complexes
could behave as single molecule magnets. Mononuclear Fe(II)
and Co(II) complexes are examples of such a situation.

A tuning of the magnetic anisotropy, i.e. a tailoring of
the axial zero-field splitting parameter D is far from being
routine. This represents one of the open questions addressed
to experimental and theoretical chemists nowadays.



Chem. Listy 106, 479-481 (2012)

In literature various magnetostructural J-correlations
were proposed where the isotropic exchange constant J corre-
lates with a suitably chosen geometrical parameter (M-X-M
bond angle, M-X distance)’. A new type has been proposed
recently: the magnetostructural D-correlations®’. Here the
axial zero-field splitting parameter correlates with the struc-
tural tetragonality Dy, The latter is defined as a distortion
from the ideal octahedron: Dy, = Raxial — Requatorial-

In hexacoordinate Ni(II) complexes with the chromo-
phores {NING}, {NiN4N’2}, {N1N402}, {NiNzozo’z} and
{NiN,O,}, along the reaction path retaining the (approximate)
Dy, symmetry, the ground electronic state is B I (3A2g for the
regular octahedron). This is split by the spin-orbit interaction
into the crystal-field multiplets T'y and I's(2x). With D > 0 the
ground multiplet is I’y and this situation is consistent with an
elongated tetragonal bipyramid. On the contrary, for a tetrago-
nally compressed bipyramid D < 0 holds true and the ground
state is the magnetoproductive I's multiplet. The magnitude of
the D-parameter is tuned by the excitation energies and the
orbital reduction factors: D = 4(£285)[x,,"/ ACB1— E,)
— KZZ/A(3B1g—>3B2g)]. The first magnetostructural correlation is
then Dp.e vs Dy along a straight line with positive slope
(Fig. 1). This correlation predicts that the hexacoordinate Ni
(II) complexes in the geometry of a compressed tetragonal
bipyramid posses negative D (until D/hc = -8 cm™) and thus
they are candidates to be single molecule magnets.
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Fig. 1. Magnetostructural D-correlations for hexacoordinate Ni
(IT) and Co(II) complexes. Lines — predicted

In hexacoordinate Co(Il) complexes the situation is
completely different. First, the ground crystal-field term in the
octahedral geometry 4T1g is orbitally degenerate and subjected
to the Jahn-Teller effect. On tetragonal elongation the ground
term 4Eg stays degenerate and cannot be described by the spin-
Hamiltonian formalism. On tetragonal compression the
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ground state stays ‘A, ¢ and the spin-orbit coupling causes its
splitting into two Kramers doublets: ['¢(2x) is the ground
multiplet separated from I';(2x) by 2D. The magnetostructural
D-correlation is strongly non-linear and the D-parameter rises
progressively on approaching the octahedral geometry.
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