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237 has a Mossbauer level with energy 59.6 keV and a lifetime 6.3 x 1078

The isotope Np
sec. The most convenient source of Mossbauer radiation is Amz“l, the o decay of which leads
to the formation of this isomer of Np237. The Mossbauer spectra corresponding to different
Am compounds yield information on the stabilization of Np within a time ~ 1077 sec following
the o decay of the Am., What is remarkable is that the isomer shifts of the lines reach
several cm/sec. The increased sensitivity of the shifts to the electron surrounding can
serve as an effective means for the investigation of the state of Np in crystalline sub-
stances,

We investigated the Mossbauer effect on Np using different sources and absorbers. The
sources were AmOp, AmO,(NpO;)with AmO, isomorphically introduced into the NpO, lattice,
AmF3, and metallic Am introduced into a thorium lattice - Am(Th). The absorbers were NpO,

and Np30g The parameters of the crystal lattices of the Am and Np compounds were determined
by x~ray ;tructure analysis and obtained from the corresponding known data.

The Mossbauer spectra were measured at T7°K and at velocities up to * 10 cm/sec,
using apparatus of the electrodynamic type. The v radiation was registered with an NaI(T1)
crystal 2 mm thick, The registered part of the y radiation corresponded to the photopeak
from 59.6 ~keV y rays. The spectrum was recorded with a 400~-channel analyzers. In order to
take into account the background due to the y radiation of PaZ33 (the Np237 decay product)
the number of counts from the absorber and from the source with the absorber were compared
during the same active time of analyzer operation.

The absorber used in the investigation of the Mossbauer emission spectra was NpO;.
The AmO, source yields several lines, one of which is close to zero velocity [1]. The
isomer shift of this line, as measured by us, was 0.7 + 0.1 mm/sec, in good agreement with
the ~ 0,7 mm/sec obtained in [2]. The AmO, source was used to study the magnitude of the
effect (line with & = 0.77 mm/sec) as a function of the thickness of the NpOy absorber., It
was found that a saturation of the effect, v 1%, is attained at a thickness ~ 150 mg/cm? .,
Therefore the use of thicker absorbers is not advisable,

The Mossbauer spectrum of the AmOz(NpOZ) source revealed the line at v & 0 which was
observed in other investigations [3, 4]. But in addition to this line, a line at 4.0 + 0.4
mn/sec was also observed. Whereas the effect corresponding to the first line was equal to
1%, the effect of the second was ~ 0,15%. No other lines were cobserved, accurate to 0.03%,
in the remaining region of the investigated velocities (up to 10 cm/sec).

According to [1], AmF3 has at 4.2°K a characteristic line at v = - 4.4 cm/sec. We
observed at T7°K, besides this line, a more intense line near v = 0.

The Am{Th) source with an NpO, absorber gives the narrowest of the known lines with

half-width Fexp (width at half the height) equal to 1.7 + 0.2 mm/sec, with a shift
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8§ = 3.4 t 0.2 mm/sec. It is estimaged that the half-width of the Am(Th) source line is
approximately O.L4 mm, i.e., it exceeds the natural width Fn = 0,036 mm/sec by approximately

10 times [5].

at

Measurements with the Am(Th) source and an Np;0g sbsorber have shown that the spectrum
contains s line with an isomer shift 8§ = -2.1 e¢m/sec, the parameter of the quadrupole split-
ting amounting to 1/leqq = 1.4 t 0.2 cm/sec. It is interesting to note that the same line
has a larger quadrupole splitting at 4.2°K, namel 1/keqq = 2.58 * 0.03 cm/sec. Another line,
with a shift 6 = -1.55 cm/sec was also found in [1], having both quadrupole and magnetic
splitting. This line was not observed by us at TT°K, accurate to 0.03%,

On the basis of the obtained data we can establish a correlation between the isomer
shifts and the charge states of the neptunium produced after the o decay of americium. The
state NpO corresponds to a shift with relatively low velocity, as follows from the position
of the Am(Th) source line. The shift for Np“‘l apparently also falls in the region near v = 0,
and is observed in the sources AmO, and AmOz(NpOE).

+
source: Np 4 with 6 = 0 and Np+3

Two states of neptunium arise in the AmF3 with § =
-4,1 em/sec. On going from Np+h to a state with a larger charge (NP308)’ the shift becomes
positive and equal to 2.4kl cm/sec. Indeed, the position of the -2.1 cm/sec line of the
Np,Og absorber relative to the line of the Am02(NpO2) source, at v = 0, is at 2.1 + 0.3k =
2.4L com/sec; the sign of the shift changes here and account is taken of the line shift of the
Am(Th) source used in the experiments with the Np,Og.

The results do not contradict the data of [1], where the regions of the isomer shifts
were determined for various charge states of neptunium at 4,2°K. According to these data, the
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3 to Np 6 is connected with the successive change of the shifts; in
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addition, the change of the shift on going from Np to Np b is maximal. If allowance is

made for the screening action of the 5f electrons on the 6s electrons, then it follows from

the first fact that the 1\1p237 nucleus is less deformed in the excited state than in the ground

state (Aa/a is negative).
+ + .
In the state Np 3, compared with Np h, there remains an extra 6d or 5f electron. The

screening action of the 6d electron on the 6s electrons is larger than the action of the 5f
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R . R +
electron. Therefore the maximum shift on going from Np+ to Np b apparently shows that the

+
charge state of Np 3 corresponds to an electron configuration 6f36d.

[1] J. A. Stone and W.L. Pillinger, Report of the Symposium of the Faraday Society,
327-10-11, IC, 018421, December 1967, Preprint.

[2] J.A. Stone, Applications of the Mossbauer Effect in Chemistry and Solid-state Physics,
Technical Reports Series, No. 50, Intern. Atomic Energy Agency, Vienna, 1966, p. 1T79.

(3] J. A, Stone and W. L. Pillinger, Phys. Rev. Lett. 13, 200 (1964).

[4] V. A. Bryukhanov, V. V, Ovechkin, A. I, Peryshkin, E.I. Rzhekhina, and V. S. Shpinel’,
Fiz., Tverd. Tela 9, 1519 (1967) [Sov. Phys.-Solid State 9, 1189 (1967)].

[5] B. M. Aleksandrov, A. V. Kalyamin, A. S. Krivokhatskii, B. G. Lur'e, A, N. Murin, and
Yu. F. Romanov , ibid. 10, 1896 (1968) [10, No. k, (1968)].

112





