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Abstract In the present work the NMR relaxation of the gaseous 3He inside car-
bonizate pores was investigated at temperature 1.5 K. The carbonizates synthesized
from fructose and wood of the tropical tree astronium were used. The dependences
of the 3He relaxation rates T1 and T2 on the gas pressure and the amount of the 3He
atoms adsorbed on the surface of pore walls were measured. The analysis of obtained
results reveals the existence of the 3He phases inside carbonizate—adsorbed solid
layers, liquid and gas.

1 Introduction

The system “Carbonizate–3He” was studied for the nuclear dynamic polarization
(DNP) method for the 3He nuclei to be developed [1, 2]. Activated charcoals with
large surface and a lot of surface paramagnetic centers can be used in such experi-
ments. As an activated charcoal the carbonizate made of fructose was studied [2]. But
this type of carbonizate had a lot of 1H nuclei impurities, localized near the surface
paramagnetic centers. These impurities create a spin–polarization leakage channel.
Fructose carbonizate cleaning is difficult, wood carbonizates are more appropriate
from this point of view.
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2 Carbonizate Properties

Samples of carbonized wood were synthesized at temperatures of 580÷750◦C from
wood of the tropical tree astronium from Central America. The precursor was car-
bonized under CH4 or H2 flow in a special computer-controlled programmable mul-
tizone furnace [3]. After steam processing, grinding and sizing the set of calibrated
samples was obtained. Fructose sample was carbonized in the same way under NH3
flow.

The samples were studied by scanning electron microscope (Philips XL30 ESEM).
It follows from Fig. 1 that in astronium carbonizate possesses many “narrow-channel”
like pores (size of about 5 μm), while fructose carbonizate sample looks quite differ-
ent. When the particles size becomes less than 10 μm, the porous structure of astron-
ium carbonizate is destroyed. The NMR-cryoporometry data show, that there are fine
pores with size less than 10 nm in the samples, as well. It should be emphasized that
temperature pyrolysis can result in formation of very fine micropores [4].

The EPR measurements showed, that properties of paramagnetic centers in fruc-
tose [5] and in astronium carbonizates are similar. The majority of paramagnetic cen-
ters are distributed on the carbonizate surface [6]. The paramagnetic centers concen-
tration was about 10–50% of surface atoms, and astronium carbonizate with particles

Fig. 1 Photo of fructose carbonizate and astronium wood carbonizate (particles size 50–75 μm)

Fig. 2 EPR line in astronium
carbonizate. The two Lorentzian
lines used for approximation are
shown as well
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size 50–75 μm had a higher paramagnetic centers concentration. The EPR line was
well approximated by two Lorentzians (Fig. 2). We suppose that narrow part corre-
sponds to the paramagnetic centers that appeared during carbonization and wide part
can be attributed to the centers that appeared during grinding procedure.

3 Methods

For 3He NMR-relaxation measurements the pulse NMR spectrometer with frequency
range 2−20 MHz was used. Spin–lattice relaxation time T1 was measured by obser-
vation of spin–echo recovery after saturating pulse. Spin–spin relaxation time T2 was
measured by Hahn method. Transverse magnetization decay in astronium was well
approximated with single exponential function. This indicates, that 3He nuclei dif-
fusion in inhomogeneous magnetic field does not influence on the 3He relaxation,
because experiment time 2τ is much longer than 3He molecule flight time between
carbonizate walls.

4 Results

The nuclear spin–lattice (T −1
1 ) and the spin–spin (T −1

2 ) relaxation rates of 3He were
measured at temperature 1.5 K and at different pressures [7]. Three phases in the
experiment were presented: solid 3He layers, gaseous 3He and liquid 3He. At the be-
ginning, during gas injection into the system all the gas molecules were adsorbed by
carbonizate surface, so measured pressure was almost zero. After adsorption capacity
was reached, new portions of 3He gas filled the volume of cell. When condensation
point achieved (saturation vapor pressure is 50.3 Torr at T = 1.5 K) [8], liquid 3He
phase appears, the pressure stays constant.

We could not measure directly a precise quantity of helium in the system, so it
was estimated using 3He nuclear magnetization value (Mz0), determined by using
NMR (from intensity of spin echo). Dependences of T −1

1 and T −1
2 on nuclear mag-

netization are shown on the Fig. 3 (1 a.u. corresponds about 1017 of 3He atoms). As

Fig. 3 Nuclear 3He spin–lattice (T −1
1 ) and spin–spin (T −1

2 ) relaxation rates dependence on helium nuclei
quantity (◦—fructose, •—astronium)
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Fig. 4 3He nuclear spin–lattice relaxation rates dependences on helium nuclei quantity and on paramag-
netic centers concentration (the pressure of 3He was 20 Torr) in astronium carbonizates with different
sizes

shown, during adsorption (range I) T −1
1 rate changes slowly and T −1

2 increases by
a factor of more than two. At Mz0 ≈ 500 a.u. (that corresponds 5 · 1019 of 3He atoms
per 77 mg of carbonizate and is determined by adsorption capacity of carbonizate)
gaseous phase appears (pressure is not zero, range II) and the slope of the depen-
dences changes. The T −1

1 rate decreases exponentially and the T −1
2 slows down after

maximum.
The results of measuring T −1

1 (◦) in fructose carbonizate are presented on the
same figure for comparison. Surface structure of fructose carbonizate is not developed
and adsorbability is less, so it was impossible to study zero pressure range, which
corresponds to filling surface by adsorbing helium nuclei. But when the pressure is
not equal to zero, the T −1

1 rate change is more rapid than in astronium.
The described measurements were made with astronium samples which had dif-

ferent size of particles (<5 μm, 50–75 μm and 125–150 μm). The T −1
1 of 3He depen-

dences (Fig. 4) were similar for all samples, but the spin–lattice relaxation was more
rapid for the sample 50–75 μm. This fact seems to be strange, but mentioned above
data of EPR measurements can explain this result. The different samples of astron-
ium carbonizate had the different concentration of surface paramagnetic centers and
we can depict the dependence of nuclear 3He spin–lattice (T −1

1 ) relaxation rates on
paramagnetic centers concentration (Fig. 4). One can see, the longitudinal relaxation
rate 3He is linearly proportional with concentration of paramagnetic centers.

5 Discussion

As the 3He nuclear spin–lattice relaxation rate depended on concentration of para-
magnetic centers (Fig. 4), and the rate was rather rapid, we could conclude that the
main channel of spin–lattice relaxation was determined by the surface paramagnetic
centers. The magnetic capacity of paramagnetic system was not too high, so relax-
ation of large quantity of nuclei through paramagnetic centers could be limited.

At the region I all atoms of 3He are adsorbed by the carbonizate and situated
near the paramagnetic centers so there is the most rapid spin–lattice relaxation. At
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the region II the gaseous 3He appears. There is rather intensive exchange between
gaseous phase and adsorbed layers of 3He and rapid self-diffusion, so the T −1

1 rate is
averaged. But while the pressure and magnetic capacity of nuclear spin system grow,
the relaxation channel stays the same. So the relaxation rate rapidly decreases at the
regions II and III.

Rate T −1
2 is proportional to homogeneous NMR line width of 3He, so it depends

mostly on the distance between spins. In the range I where the carbonizate surface
adsorbs 3He atoms, the distance becomes smaller and T −1

2 increases. In the ranges II
and III there are atoms with large distance between them. So the more gaseous 3He
present in the system the smaller T −1

2 becomes.

6 Conclusion

The wood carbonizates are characterized by the well-developed surface and high con-
centration of paramagnetic centers on it. That is why these carbonizates are more
appropriate to realize dynamic nuclear polarization than fructose carbonizates or
other. Astronium wood carbonizate represents an unique model system to study phase
change and to determine phase change influence on spin kinetics of quantum liquids,
like 3He.

Acknowledgements This research is partly supported by Russian Foundation for Basic Research (grant
# 06-02-17241).

References

1. L.W. Engel, K. DeConde, Phys. Rev. B 33, 2035 (1986)
2. G.V. Mamin, H. Suzuki, M.S. Tagirov, D.A. Tayurskii, A.N. Yudin, JETP Lett. 79, 641 (2004)
3. R.B. Clarkson, B.M. Odintsov, P.J. Ceroke, J.H. Ardenkjær-Larsen, M. Fruianu, R.L. Belford, Phys.

Med. Biol. 43, 1907 (1998)
4. R.S. Vartapetyan, A.M. Voloshchuk, A.K. Buryak, C.D. Artamonova, R.L. Belford, P.J. Ceroke,

D.V. Kholine, R.B. Clarkson, B.M. Odintsov, Carbon 43, 2152 (2005)
5. G.V. Mamin, H. Suzuki, M.S. Tagirov, V.N. Efimov, A.N. Yudin, Phys. B 329–333, 1237 (2003)
6. V.A. Atsarkin, G.A. Vasneva, V.V. Demidov, F.S. Dzheparov, B.M. Odintsov, R.B. Clarkson, JETP

Lett. 72, 369 (2000)
7. G.V. Mamin, M.S. Tagirov, D.A. Tayurskii, A.N. Yudin, R.L. Belford, P.J. Ceroke, B.M. Odintsov,

JETP Lett. 84, 41 (2006)
8. B.M. Abraham, D.W. Osborne, B. Weinstock, Phys. Rev. 80, 366 (1950)


	Nuclear Spin-Kinetics of 3He in Carbonizates with Various Porosity
	Abstract
	Introduction
	Carbonizate Properties
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


