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* vSechny prvky se vyskytuji ve form¢
ruznych 1zotopu
* stabilni a radioaktivni 1zotopy
* Z —pocet protonu

* N — pocet neutront

* A —pocet nukleonu
e A=/7+N




AMCTTTI I T T

Oblast stabilnich
jader

Z, — pocet protonu

A — pocet nukleonu




Uhlik - carbon (C)

Izotop Forma PoloCas | Prirozeny
rozpadu| vyskyt (%)

10C radioaktivni 19,3 s -
HC radioaktivni 20,3 m -
12C stabilni - 98,89
13C stabilni - 1,11
4C* radioaktivni (§-) |5 730 let| 107" EREEI N
I5C radioaktivni 2,45 s -

* radiokarbonova metOda; https://cs.wikipedia.org/wiki/Radiokarbonovd metoda datovéni




Vodik - hydrogen (H)

Izotop Forma PoloCas | Prirozeny
rozpadu| vyskyt (%)
'H stabilni - 99,985
’H stabilni - 0,015
’H radioaktivni 12,32 -
roku




Kyslik - oxygen (O)

Izotop Forma PoloCas | Prirozeny
rozpadu| vyskyt (%)
140 radioaktivni 70,6 s -
150 radioaktivni 1222 s -
160 stabilni - 99,759
170 stabilni - 0,037
180 stabilni - 0,204
°0 stabilni - -




Dusik - nitrogen (N)

Izotop Forma PoloCas | Prirozeny
rozpadu| vyskyt (%)
12N radioaktivni 0,1s -
BN radioaktivni (B+) | 10 min :
S\ stabilni - 99.63
5N stabilni - 0,37
16N stabilni - -
N stabilni : :




Fostor - phosphorus (P)

e 23 iZOtOpﬁ, 24P to 40P (https://en.wikipedia.org/wiki/Isotopes_of phosphorus)

Izotop Forma PoloCas | Prirozeny
rozpadu| vyskyt (%)

e stabilni - 100
LR radioaktivni (B-) | 14,3 dne -
3P** | radioaktivni (B-) |25,3 dne :

* dcefinny izotop 32S
** dcefinny izotop 33S




Stabilni 1zotopy — pouzivane¢ terminy a veliCiny

. latkove mnozstvi studovaneho izotopu prvku
(ptirozeny) vyskyt = : [70]
latkové mnozstvi vSech izotopli daného prvku

vyskyt (abundance) tézkeho 1zotopu

vyskyt (abundance) lehkeho 1zotopu

13CO,
12CO,

R(13CO,)= R = (1sotopic) ratio, 1zotopovy pomer

mechanismy variability vyskytu jednotlivych stabilnich 1zotopt

standardy pro jednotlive stabilni izotopy




Mechanismy variability vyskytu stabilnich 1zotopu

. = variabilita ve vyskytu stabilnich izotopi; jsou vysledkem
(malych) rozdilu ve fyzikalnich a chemickych vlastnostech 1zotopu
danc¢ho prvku; ¢im vétsi hmotnostni rozdil mezi 1zotopy, tim vétsi
rozdily ve fyz-chem vlastnostech danych 1zotopt a tim vEtsi
frakcionace

* termodynamické rovnovahy

* kineticke procesy (asociovany s jednosmérnymi procesy — vypar, diftize,
disociacni reakce...)
* enzymaticke

* vSechny tyto mechanismy vedou k variabilité¢ vyskytu v fadu
odchylky o max. jednotky procent z puvodniho mnozstvi (!)
,,t¢Zkého 1zotopu!




Standardy pro vyskyt stabilnich 1zotopu

* v soucasnosti jsou akceptovany 4 mezinarodni standardy pro pét
zakladnich prvku vyuzivanych v biologickém vyzkumu

Primarni standard Izotopovy R (x10%) = 95% CI
pomér

Standard Mean Ocean H/'H 155,76 = 0,10

Water (SMOW) 180/160 2 005,20 + 0,43
70/1%0 373 £ 15

PeeDee belemnite B3C/2C 11237,2+9.0

(PDB) 180/160 2067,1+2,1
170/160 379+ 15

Air ISN/I4N 3676,5+8,1




Standardy pro vyskyt stabilnich 1zotopu

4. primarni standard: Canyon Diable meteorite (CD) — pro siru

* originalni SMOW a PDB jiz vyCerpany

* sekundarni standardy:

* V-SMOW - sm¢s ruznych vod; JAEA

* SLAP — standard light Antarctic precipitation — Plateau Station, Antarctica

* hodnoty sekundarnich standardii precizné porovnany s hodnotami
primarnich standardu (V-SMOW~ SMOW; R(D/H)q; 4p=89,02 £+ 0,05

e pro PN/!N se bézné vyuziva vzduch




Definice o (mal¢ delta)

Sample — Rstd 0,01123 -0,01124
Rgq 0,01124

R

=-0,00089

RSample B RStd « 1 000

RStd

RSample
—1 ) <1000
o




* 0 je bezrozmeérna veliCina
* %o 1ndikuje pouze matematickou operaci (x 1 000)
 vZdy nutné specifikovat, s kterym izotopem se pracuje:

013C
01N
570
0180
0’H =06D

* 1zotopovy podpis (isotopic signature), 1zotopove sloZeni
(1sotopic composition)




0>0

RSample = RStd

t]. vyskyt tézsiho 1zotopu je vétsi ve vzorku oproti standardu,
vzorek je tedy timto 1zotopem obohacen

0<0

RSample < RStd

t]. vyskyt t€zSiho 1zotopu je vetsi ve vzorku oproti standardu,
vzorek je tedy timto 1zotopem ochuzen

standardy: 0 = 0




Vyhody pouziti o

* operaci (x1 000) se mal¢ rozdily v 1zotopovych pomérech
stavaji snaze ,,vnimateln¢

* technika stanoveni 1zotopovych poméru (IRMS) ma
mnohem v¢Etsi presnost pri stanovovani relativnich rozdilu v
1zotopovych pomeérech (vztazeno na standard) nez pr1 méreni
absolutnich 1zotopovych poméru

® pi1 vyuZiti mezinarodnich standardu jsou vysledky
vyjadiene jako o vzajemneé pln€ srovnatelné




Diskriminace A

R
A = source 1

Rproduct

0 — 0

source
A =

l1+0

product

product

A>0 — O e ™ Ooquer  Produkt je vzhledem k substratu ochuzen o t&Z3 izotop

A<O — < Oproquet Produkt je vzhledem k substratu obohacen o t€zsi izotop

A je nezavislé hodnot¢€ d

Source

A hodnota se méni s teplotou




Technika stanoveni 1zotopovych poméru

= Continuous Flow - Gas Chromatography — Isotope Ratio Mass
Spectrometer

* 1zotopy musi byt nejprve prevedeny do plynné faze (H,, N,, CO,, CO,
O,, SO,, SFy)

* plynova chromatografie — He jako nosic

e ,,mass-spec* — hmotnostni spektrometr; prichod proudu izotopi (g)
elektromagnetickym polem; vychyleni jejich drahy dle jejich
hmotnosti




Priprava vzorku pro mass-spec

* oxidace: vSechen C - CO,; vSechen N - NOy
* redukce: CO, se neredukuje; NOy — N,
* vysuSeni — odstranéni veskeré vody

* GC kolona: separace CO, a N,

* pyrolyza (vysoka t)
* konverze kysliku na CO
* GC kolona: separace CO od zbytku

* GC kolona: separace CO, od N, a O,







Mass-spec

An 1sotope ratio mass spectrometer
AN‘;EEE';EF.{,%LM (IE.IS) measures the relative
UFIONBEAM abundance of different 1sotopes
it a gas sample. Thisis

fon repeller =4 oo o . .
g,u,G,,':'ﬁ"LE —— . accomplished through four basic

VACUUM PUMP .
NLET steps (kevedto the diagrams):

ACCELERATION .
FILAMENT - WD EOCUS . Conversion of the gas molecules

2 OF ION BEAM into positivel y charged particles

i1 the 1on source.

Focusing and acceleration of
these posttively chargedions

into a high-speed 1on beam.
separation of the total 1on beam
into mass-specific beams within
a strong macsnetic field
Detection and measurement of
the individual mass-specificion
beams (e.g., masses 28 and 29 of
I, gas: VM and DR

This iz all done under lngh vacuum
within metallic framework.




Proc jsou stabilni 1zotopy tak “trendy*?

e Protoze jsou STABILNI

. odpada radioaktivita
. nepotiebujete certifikované laboratore
* vzorky nepodléhaji ,,zkaze*
. Protoze mass-spec je vysoce citliva metoda

. N: cca 20ug N 10,15 mg suSiny rostlin

. C: cca 300ug C [ 0,025 mg suSiny rostlin
e O: cca 0,5 ul vody

. Ca O v CO,: 4 nmol CO,

. ProtoZe ceny analyz jsou dnes jiz velmi priznivé

*  http://stableisotopefacility.ucdavis.edu/ (»)




Pri¢iny variability vyskytu stabilnich 1zotopu
Kineticke 1zotopove efekty

* Uplatiuji se u jednosmérnych procesu typu:
® cvaporacec
* difuze

* disociacnich reakci
kdy dochazi k bezprostrednimu odcerpavani produktu
(neustavuje se termodynamicka rovnovaha)

Jsou zpusoben¢ ruznou pohyblivosti riznych 1zotopomeru
(napt. 1“CO, vs. 13CO,)




Pri¢iny variability vyskytu stabilnich 1zotopu
Kineticke 1zotopove efekty

%0 500, = -10%

vapor

o180 = 0%o

water




Pri¢iny variability vyskytu stabilnich 1zotopu
Kineticke 1zotopove efekty

CO, CO, CO,

CO, CO,
CO,

13 — _Qo
0 Catmosphere_ 8%o

CO,

61 3CIeaf < '1 24%0




[Latitude effect

080 of meteoric water
e Mean temperature (°C)

Latitude (°)

ROZANSKI et al. 1993




PriCiny variability vyskytu stabilnich 1zotopu
Rovnovazne¢ 1zotopove efekty

* Uplatnuji se u rovnovaznych procesu

* Hmotnost atomu (molekuly) ovliviiuje jeji
termodynamicke vlastnosti

* Molekuly obsahujici tézké 1zotopy jsou
“stabiln¢jSi” nez molekuly s lehkymi 1zotopy a

W v/

slouCeninach

CO, + H,0 « H*+HCO,
513C(HCO,) > 5'3C(CO,)
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meteoric water

ocean water SN

terrestrial plants
aquatic plants  RRIRHHIHHHBEURTTISSS

-300 -200 -100 0 100

5D (o/oo)

Observed ranges of hydrogen isotope ratios from various substances.
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Observed ranges of oxygen isotope ratios from various substances.




soil organic material TS IHIINNINNNN
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Observed ranges of nitrogen isotope ratios from various substances.
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Observed ranges of carbon isotope ratios from various substances.
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CAM plants
marine carbonates
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Kineticka frakcionace uhliku

Occurs when a reaction is sensitive to molecular mass of the substance and, so, the
reaction velocity differs for both isotopes; for example carboxylation reactions

C; rostliny:

CO, + rubisco+RUBP . 2 (3-PGA)

R,.n  0.01085

frakcionacni faktor je: A= (a—1)[1000 =29 %o .

C,rostliny: -

8L61

v 12 IPIUIYS

HCO; + PEPC+PEP » OAA+P ~
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Food web

You are what you eat...

...plus a few permile
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Post-photosynthetic fractionation of stable carbon isotopes
between plant organs—a widespread phenomenon’
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Discrimination against ">C during photosynthesis is a well-characterised phenomenon. It leaves
behind distinct signatures in organic matter of plants and in the atmosphere. The former is
depleted in '*C, the latter is enriched during periods of preponderant photosynthetic activity of
terrestrial ecosystems. The intra-annual cycle and latitudinal gradient in atmospheric ">C resulting
from photosynthetic and respiratory activities of terrestrial plants have been exploited for the
reconstruction of sources and sinks through deconvolution by inverse modelling. Here, we compile
evidence for widespread post-photosynthetic fractionation that further modifies the isotopic signa-
tures of individual plant organs and consequently leads to consistent differences in 6'>C between
plant organs. Leaves were on average 0.96%0 and 1.91%0 more depleted than roots and woody stems,
respectively. This phenomenon is relevant if the isotopic signature of CO,-exchange fluxes at the
ecosystem level is used for the reconstruction of individual sources and sinks. It may also modify
the parameterisation of inverse modelling approaches if it leads to different isotopic signatures of
organic matter with different residence times within the ecosystems and to a respiratory contribu-
tion to the average difference between the isotopic composition of plant organic matter and the
atmosphere. We discuss the main hypotheses that can explain the observed inter-organ differences
in 6">C. Copyright © 2005 John Wiley & Sons, Ltd.




Rozdily 1zotopoveho slozeni

rostlinnych organu

Table 1. Differences in '*C-isotopic signature of organic mass or classes of metabolites of different plant organs (p = error level
for rejection of null hypothesis of zero difference)

Belowground— Other organs— Roots— Roots—
aboveground leaves leaves, C3 leaves, Cy
Average 1.23 1.26 1.08 0.09
Minimum —-14 —2.06 —-0.43 -1.8
Maximum 5.64 8.4 3.5 1.5
Standard error of the mean 0.19 0.07 0.09 0.28
p <0.001 <0.001 <0.001 0.68
n 38 410 78 10
n with diff. < —0.2 1 38 1 2
n with diff. > +0.2 33 333 71 4
n with —0.2 < diff. < 0.2 4 39 6 4

Copyright © 2005 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectrom. 2005; 19: 1381-1391




Rozdily 1zotopoveho slozeni

komponent rostlinnych organu

Table 2. Differences in '*C-isotopic signature for the chemical components cellulose, lipids and lignin as compared with total
organic matter

Cellulose— Starch— Sugars— Lipids— Lignin—

organic mass organic mass organic mass organic mass organic mass
Average 1.29 2.02 1.71 —4.68 -3.17
Minimum -1.3 0.0 -3.8 -8.8 —6.7
Maximum 42 4.1 7.7 —0.6 1.6
Standard error of the mean 0.08 0.21 0.3 0.23 0.30
p <0.001 <0.001 <0.001 <0.001 <0.001
n 107 34 46 84 37
n with diff. < —0.2 5 0 6 84 33
n with diff. > 40.2 98 32 36 0 2
n with —0.2 < diff. <0.2 4 2 4 0 2

Copyright © 2005 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectrom. 2005; 19: 1381-1391
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