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BINP AMS facility
The AMS is mainly dedicated for radiocarbon dating of 

archaeological and geological samples, for biomedical, 
environmental and climatological applications by 

measurements of the ratio between carbon isotopes.
AMS can be used for many others applications. 

The ratio between isotopes in sample can be less than 
10-15. So, the counting methods are used for detection 
of such low radiocarbon concentration.



10-15 corresponds to the ratio of the wheat grain 
mass   to the total wheat crop weight   was collected 
in Russia for the year. 

(the total wheat crop weight ~ 50 million tons per year.
the wheat grain mass ~ 0,05 g)

The ratio between isotopes in sample can be less than 10-15.



Even the gold content in 
the earth's crust: 5*10-7

AMS method is applied to  isotopes, not 
for main chemical elements, because the 

natural concentration of the basic 
elements is sufficiently high. 

The low cost methods may be used for  
high concentration levels analyzing.



About 100 AMS facilities in the world



Basic features of BINP AMS facility

• The ion energy selection just after molecular destruction effective filtration of 
the molecular fragments, because energy of fragments always less then ion 
energy (at this moment).

• The magnesium vapor target as a molecule destroyer localized molecular 
destruction

• 2D time of flight detector accurate recognition of each ion



Schematically stages:
• The ion extraction from the sample
• The rejection of the primary isotopes
• The beam acceleration
• The rejection of the isobaric ions
• The rare isotope counting

AMS method  is based on the direct rare isotope counting

•negative 14N ions not stable
• stripping destroys molecules

Reproducibility of measurements

14C/12C ~10-15 for graphite MPG



Algorithm for measuring of the radiocarbon 
concentration  on BINP AMS

The cycle of AMS-analysis of 
samples is represented as follows. 
For each sample, the 14C ions are 
counted four times (10 seconds 
each) and twice the 13C currents are 
measured. After that, the samples 
wheel is turned to the next sample 
for process repetition. Measuring of 
whole graphitized sample wheel (20 
samples) takes about 15 minutes. 
For a set of statistics the wheel are 
moving to the second turn, third, 
etc. Typically, the measurement will 
take approximately 5 hours, with a 
statistical error of measurement for 
modern samples les then 1%. The 
process of isotope measuring and 
sample changing (wheel rotation) is 
fully automated. 

13 3+ currents radiocarbon counts 14 3+

and radiocorbon conctntration
the time



To switch between the isotopes:
The voltage of electrostatic bend 
in terminal is changed

The high voltage of ion source is 
changed

The voltage of dipole 
correctors are changed

The voltage of electrostatic lenses 
are changed

~ 80% of the time  - 14C counting

~ 15% of the time - isotope switching+ 13C current  measuring

~ 5% of the time – sample wheel rotation



Sample preparation

Mg(ClO4)2

For AMS analysis, all samples must be converted to so-called 
“graphite”. For these purposes, a sample is combusted in vacuum. 
Then the carbon from formed CO2 gas catalytically deposited on iron 
powder. The Fe-C mixture is pressed in aluminum sample holder 
(cathode for ion source) for AMS analysis.

Now at BINP AMS used graphitized samples from NGU and LAE SB RAS chemists
and a number of samples graphitized at IG RAS. Samples are produced from a
variety of natural materials: bone, charcoal, wood etc.

Carbon on the iron powder.



Graphitized samples - cathodes for ion source

Sample wheel for 23 samples

Ion source

Now at BINP AMS used two 
types of sample holders: with 
inner diameter of 2 mm (for about 
3 mg of carbon sample) and with 
inner diameter of 1 mm (for 1 mg 
or less of carbon sample). 

The sputtering by Cs beam 
region of the sample is only 
about 0.5 mm in diameter.



Radiocarbon dating errors

Moreover error may occur when normalizing. 
It is  80 years  per 1% without depending on age of the object. 



The typical carbon beam currents from graphitized samples.

The carbon beam current a), mean current c) 
and the residual gas pressure b) for samples.

Typically, the currents 
from samples can differ 
twice. 

The vacuum is worse, 
when the sample from 
sample position 14 is 
sprayed by cesium beam.

The radiocarbon dating 
of samples with small 
current is not reliable 
and usually necessary 
graphitize additional 
sample. 



The kinds of pollution can differ in the 
graphitized samples.

The oxygen beam currents from the samples.

The sample in position 2 is a 
graphite MPG (without sample 
preparation), the samples in 
positions 1, 12 are carbon 
wires (without sample 
preparation), the other samples 
- graphitized natural objects. 
As seen, the oxygen content in 
graphitized samples is 
significantly higher than in 
technical graphite MPG. Many 
other chemical elements can 
be present even in "clean" 
samples. For example, the 
boron concentration 
normalized to the carbon is 
about 10-6 in graphite MPG 
without sample preparation), 
the lithium concentration -
about 10-9.



The isotope ratio may differ significantly 
before and after graphitization.

The radiocarbon standards from different laboratories.

So, the concentration of 
radiocarbon in the 
unknown samples is 
normalized to the 
radiocarbon concentration 
in standards prepared by 
the same laboratory.



The level of sample contamination 
increases with decreasing of sample mass.

The concentration of radiocarbon in the prepared 
graphite as a function of sample mass.



The specific functions of natural samples 
are used for graphitization.

The radiocarbon concentrations in old rhinoceros 
with and without collagen extraction (a), the 
radiocarbon age of young mammoth with and 
without collagen extraction (b).

For example, collagen is used for the 
bone samples or cellulose - for wood 
samples. This reduces the influence of 
natural pollution on the radiocarbon 
dating.

As seen, the radiocarbon concentration in 
samples is smaller with collagen 
extraction than without. This is because 
the bone is contaminated by modern 
carbon. 



The radiocarbon age of lake Sargul sediments, 
depending on the depth from surface level.

Such analyzes
are necessary to
obtain a
timescale for
lake sediments.
Such results are
quite revealing,
since in the
absence of
mixings deposits
should be
observed
dependence - the
deeper the
ancient.



About  dating reliability.



The radiocarbon age of samples, depending on the depth from surface level.

About  dating reliability.
The dating reliability is greatly increased by  duplicate samples.



The radiocarbon age of samples, depending on the depth from surface level.

About  dating reliability.
The dating reliability is radically increased by  duplicate samples.



Use AMS for biomedical studies

Low-concentrated 103/cm3 14C aerosol (225 nm) was inhaled in mice. The aerosol 
was directly registered in mice lungs, liver, kidneys and brain by BINP AMS.



Use AMS for testing human

The 500 Bq radioactivity  is approximately equal to radioactivity of 1 lunch.



SUMMARY
The BINB AMS is used for radiocarbon analysis of graphitized natural samples. The 
algorithm of the AMS analysis was described. Currently, the samples measured by 
BINB AMS are prepared from some independent chemical laboratories. The natural 
and chemical contamination of samples can be detected at BINB AMS.
Over the last year, more than 1000 samples were analyzed at BINP AMS. 

369 ± 36 years35932 ± 462 years1513 ± 64 years

>50000 years
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