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Study of nucleon-nucleon interactions is interesting for hadron
physics. Development of targets with "frozen" polarisation of hydro-
gen nuclei-protons - allowed solving meny problems of strong inter-
actions. Now the targets of this type have been made with polarised
deuterium nuclei which are a weakly bound state of the proton and
neutron.

Complex compounds of pentavalent chromium and deuterated li-
gands have found the widest use as an operating material for polari-
sed deuteron targets. The most suitable technique for synthesis of
such complexes is based on the reduction reaction of Cr(VI) compounds,
mainly chromates and bichromates, in deuterated solvents, e.g. diols
/1-11/. A sufficiently narrow line of the electron paramagnetic re-
gsonance (EPR) snd practically isotropic g-factor are characteristic
of the complexes like these. Their fast cooling results in glasses
with homogeneous distribution of paramagnetic centres. All these
properties allow & high deuteron polerisation.

Recently we have synthesised Cr(V) complexes in deuterated
ethanediol /8/. The use of fully deuterated ethanediol (CD20D)2 as
the initial material allowed achieving a larger amount of deuterium
in a complex which is only determined by the degree of deuteration
of initially used ethanediol. The complex obtained was used as the
target operating material. A 40% deuteron polarisation was achieved
in a sample 60 cm3 in volume at 0.3K in the magnetic field of 2.1T.
Another important parameter of this operating material ~ the .deuteron
relaxation time which is A 500 hours at T=20 mK and H=0.45T - allows
a target to operate in the "frozen" mode, which significantly widens
experimental capabilities of such polarized deuteron target

Thus the target operating material based on deuterated ethanediol
comprises 17.3% by weight of deuterium. Protons only occupy 145% of
possible hydrogen positions in this sample. Bacause of 4% of diol is
apent for the production of the complex, the number of OD bonds is
92% of that of CD bonds.

Bagides high concentrations of deuterium and high degree of nuc-
lear polarisstion, the target operating material must have the maximum
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possible wvalue of r which is the ratio of the number of polarised
neutrons (or protons) to the number of all nucleons (neutrons and
protons). For ethanediol r= 0.30, for propanediol following ethane-
diol in the homologous series of diols r=0,32. A higher concentra-
tion of neutrons in the target will allow increasing accuracy of pﬁr—
ticle scattering experiments and investigating reactions with small
cross sections.
It has been also proved /1-4,9/ that dynamic polarlsation of
the majority of substances containing several nuclear apins leads to
equality of their spin temperatures and not to equality of polarisa-
tion. Thus the deuteron polarisation obtained by the dynamic method
will be of the order of 45% as compared to the proton polarisation
which is close to 100%. Now the highest proton polarisation has been
?btg}ned in the Cr(V) complex compound in propanediol-~1,2 C H6(0H)2
To obtain the maximum polarisation and increase the deuterium
concentration in the target operating material we have synthesised a
Cr(V)-complex in fully deuterated propsnediol-1,2. It should be noted
that synthesis of the Cr(V) complex has been carried out in partly
deuterated diol C3D6(0D)2 so far since one considered it necessary to
keeg hydrogen agtoms in hydroxyl groups for production of the complex
« To increase the amount of deuterium in the target material, the
following method was suggested for its preparation: a high concentra-
tion of Cr(V)-complex in 03D6(0H)2 was obtained, then this complex
comg?und was d%ssolved by fully deuterated propanediol-1,2 03D6(0H)2
« Ref. describes the working material of a polarised deu-
teron target prepared on the basis of fully deuterated propanediol by
dissolving a stable Cr(V) complex - EHBA~Cr(V) - in it. We studied
solutions of the analogous.HMBA-Cr(V) complex by the EPR method and

found out there were several different paramagnetic complexes in the

solutions. The complexes were produced by the ligand exchange with
the solvent

So we think that preparation of the target working material by
synthesis of the Cr(V) complex in fully deu‘erated propanediol has
advantages over the above methods.

Deuterated propanediol-1,2 C3D6(OD)2 with the deuteration degree
98.3 atomic per cent and potassium bichromate K2Cr207 were the initial
compounds for our synthesis. C D6(0D)2 was analysed by the nuclear
magnetic resonance method. It was established that hydrogen admixture
is mainly contained in CD-groupd. The OD-group which takes part in
production of the complex is deuterated by 99% of higher. The complex
was gynthesised as follows: a mixture of 03D6(0D)2 and K2Cr207 (weight

o an s

ratio 11:1) was stirred up by a magnetic stirrer at 80°C and lowered
pressure in order to remove water produced in the diol oxidation re-
action., In 75 minute time a Cr(V) complex compound of the necessary
concentration were obtained. A detailed description of the synthesis
procedure i3 given in Ref. « The complex obtained was analysed by
the EPR method. The width of the EPR line between the maximum slope
points was H=5‘1O_4T at T=298K. This substance was tested as a
target operating material where the dynamic polarisation process was
investigated « A 40% polarisation of deuterons was achieved. Cr(V)'
complexes have already been studied in Ref. /14_15/. Cr(V) complex in
chG(OD)Z have not been described yet. We were interested in the
structure of the complex and we studied the EPR spectra. Specimens
with low concentration of the complex were prepared. Beside the
spectra of the deuterated complex, we also recorded for comparison
spectra of Cr(V) in 03H6(0H)2 with a low concentration of the complex.
Fig. 1 shows the EFR spectra at room temperature. It was impossible
to distinguish between hyperfine splitting and ligand protons even
at 20~fold dilution by ethanol. Only the hyperfine interaction with
nuclei of 23Cr isotope (its natural concentration was 9.55%) was
distinctly observed. Spectral parameters of Cr(V) complexes in non-
deuterated propanediol are in good agreement with the described data
. In Pig. 2, one can see central parts of the spectra registered
in the X-range at 77K. To find out how hyperfine splitting depends on
changes in the nature of ligands, we diluted complexes with ethanol
(1:20). These spectra are shown in Fig. 3. We did not observe hyper-
fine interaction. The table lists EPR parametcrs of the complexes.
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Fig. 1. EPR spectra of the Cr(V) complex at T = 298K. a - in
C3Dg(0D), 5 b - in C4H (OH),



Fige 2. Central parts of EPR spectra of Cr(V) complexes at
T =T7Ky a = in CBDG(OD)2 3 b=idn CBHG(OH)Z'
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Fige. 3. EPR spectra of Cr(V) complexes at T = 77K. a - in C3D6(OD)2;
. b - in‘CBHs(OH)z. Solutions of the complexes are diluted
with ethanol in the ratio 1:20.

The target operating material based on fully deuterated propa-
nediol containg 19% by weight of deuterium. Protons occupy 1.7% of
possible hydrogen position. To produce the complex, 4% of diol are
necessary. The number of OD bonds in the target material is 60% of
the number of CD bonds.

According to the theory of nuclear dynamic polarisation (NDP),
the final temperature achieved by nuclear spins during NDP is inver-
sely proportional to the EPR line width of paramegnetic inclusions
responsible for NDP . Because of a large error in measuring the
concentration of paramagnetic inclusions by the EPR method, we fail-
ed to compare the EPR line widths of complexes of the same cr(V)
concentration with deuterated and non-deuterated ligands. Ref./2/
points out that the Cr(V) complex in 02D4_(0D)2 has a narrower line
than the Cr(V) complex in 03H6(0H)2 where proton polarisation can

Table

TIK) 9o Bu Plo Albdenw Yitelonsdlen)

K20r207 + 298 - - 1.9817*

deuterated ; >

propenediol TT 19778 1.9844 1.9812%% 5.24x 3S.E4x 15.z4x
10 10 10

K20r207 - 198 - - 1.9796%*

propanediol T7T 1.9768 1.9845  1.9793%% 5.7 X 35.6 x 15.7 %

1074 1074 10

¥ = Experimental values P
**% ~ Calculated values. f/}’a =§—/Z,Q_/_ W//)-

amount to 98-99%. It is also known that the EPR line width of the
Cr(V) complex in propanediol is 10% smaller than that of the similar
complex in ethanediol » Consequently, the temperature of nuclear
spins in the Cr(V) complex in CBDS(OD)2 can be the lowest one, while
polarisation can be at its maximum.

Finally we note that the Cr(V) complex in fully deuterated
propanediol-~1,2 is now the most suitable operating material for a
deuteron target with "frozen" polarisation.

We wish to thank N.S.Borisov, Yu.F.Kiselev, M.Yu,Liburg, V.N.
Matafonov, A.B.Neganov, Yu.A.Usov for measuring the polarisation of
the operating model of the target and to B.S.Neganov and Yu.M.Kazari-
nov for their interest in our resesarch.
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Byusarosa 3.H., By6hos H.H. E12-86-529
CuHTes kommiekca Cr(V) B pgeirepHpoBaHHOM
HponaHpuosie AJis MHWEeHH c ''3aMOpOXeHHOH'

nonspHsanyest GeHTPOHOB

CospaHa QeHTpOHHAA [ONADH30BAaHHAA MMIIeHbL ¢ ''saMopoxenHOH"
nonsipusanueii. C 1eJbl NOBLHIEHHS COJAepxaHWs HeHTPOHOB B paboueM
BemecTBe H MHOJydYeHHA MAaKCHMAJIbHOH NONApH3alnHH LeHTpOHOB CHHTe-—
3MPOBAH KOMIUIEKC MNATHBAJIeHTHOT'O XpoMa C JMTraHgaMH Ha OCHoBe
MONHOCTBhI0 AeNdTepHpOBaHHOI'O mponaHauona — 1,2.0mmMcaH CHHTes
M HccllegoBaHHUA [OJIy4eHHOr'o kommmekca Metopom JIIP.

Pabora BunonHeHa B JlaBopaTopHu sagepHulx npobGnem OQHAU.

IMpenpunt O6beHHEHHOTO MHCTHTYTa siiepHpIX HccnedoBaHuid. ly6Ha 1986

Bunyatova E.I., Bubnov N.N. E12-86-529
Synthesis of Chromium (V) Complex in Deuterared
Propanediol for a Target with "Frozen'" Polarization

of Deuterons

The deuteron polarized frozen spin target was developed.
To reach higher deuteron content and maximum polarization, the
chromium (V) complex with ligands on the basis of fully detue-
rated propanediol - 1,2 was synthesized. The synthesis and the
EPR investigation is described.

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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