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applied in different ares:
3iology
ith the application in Nuclear Physics
s been used mostly in Condensed Matter
plication in Biology is growing

1e application of PAC in condensed matter -

ructural and magnetic phase transitions of solids
oint defects

urfaces, interfaces and grain boundaries, thin fil
anocrystals

namical interactions due to fluctuation of atoms a
olecules through nuclear relaxation




ivity of the sample (10-100 p

itation to the choice of sample environme
eriments can be carried out with samples
oregate state, in a wide range of pressures, temperat
nd external electromagnetic fields.

o need for applied magnetic fields or RF fields like in
NMR/NQR

Small interactions are more easily resolved than in MS




facility at SINP
ental results in Hf/Zr based materia

b, HfF, and Cs,HfF, (synthesized chemicall
3HfF7 and Na3HfF7 (synthesized chemically
Intermetallic compounds of Zr,Ni and ZrNis5

(prepared in argon arc furnace)




gdrupole interaction (NQI)
2lectric quadrupole moment interac
> field gradient (efg) of the surrounding mec

gnetic interaction

clear magnetic dipole moment interacts with
ernal magnetic field or with the magnetic field app
ternally.
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efg absent efg present

There is m-to-m’ transitions before the 2" y-ray is
2mitted which modulates W(0)




of a spin | =
olid, the perturbation function G
e interaction

3
G,(t) =S, + >_S,cos(m, 1)
k=1

The interaction frequencies w;, w, and w; correspond to
transitions between m-states of the intermediate quantum
level.

The zz-component of the efg tensor Vzz in the principal-axis
system (in which the off-diogonal elements vanish) is given in
terms of the quadrupole frequency wg, by:

v, = (eQV,, /41(21 - 1)n




al elements are give
ameter n given by

n = (\/xx _Vyy)/vzz

which 0 £ n =1 (when V,, is the largest component in
Magnitude). Poisson’s equation requires that

V., +Vyy +V_, =0,

and energy conservation requires that
o, + 0, = 0,

In the case of a static quadrupole interaction, the primary
experimental task is to measure the efg i.e. V,,and n
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er life time of the level depopulating

ling y-ray in the cascade
woid “after effects”)
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=Useful for studie
samples

=Can be produced using
facility

PAC studies in solid state
materials and in biological
samples (e.g. protein
macromolecules) using these
probes remain mostly
unexplored.




quire four coincid
time resolution ~ 350 ps for 5

cycle refrigerator for sample cooling (-80

dewar for measurement at LN2 temperature

esistive furnace for measurement at highe
rature (600°C)

argon arc furnace for preparation of intermetallic
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Sample: Rb,HfF, (sample 1)

Wq = 74.1(1) Mrad/s
n=0.09(1); 6=0
»Pure crystalline
configuration

LA S »In good agreement
T with previous result

O - B W oW @ N 0

3BK Wq = 24.7(2) Mrad/s
jk n= 0.53(1); 6= 4(2)%

A Gy (1)

»Pure defect
configuration
(point defect)

O After measurement
4 at 353K
e s >reversible

t (ns) ® (Grad/s)

I (o)

»Defect-probe interaction was not observed from previous measurements
(Martinez et al. Phys. Rev B 35 (1987) 5244




»At RT

»Pure defect
configuration

A Gy (1)

t (ns) o (Grad/s)




Rb,HfF4 (sample 3)

o{Grad/s)

Both crystalline and
defect configuration

Pure defect
configuration




Sample: Rb,HfF,
(sample 4)

»Defect configuration
iIncreases with
temperature

» Defect is fully trapped
when heated at 353K and
cooled subsequently at
RT

o (Grad/s)
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Sample: Cs,HfF4

I(o)

» Spectra similar to that
in Rb,HfF4 indicate
Rb,HfF; and Cs,HfF;
have same  crystal
structure (isomorphic)

At RT
»Wq = 60.46(7) Mrad/s
n=0.05(2);06=0

» Defect —probe
interaction not observed
in Cs,HfF;
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Sample: K;HfF;

»Two discrete
interaction frequency
observed

»Two inequivalent

probe site

At RT

We(1) = 33.1(9) Mrad/s
n = 0.55(7); & = 9(2)%
(59%)

Wq(2) = 25.0(8) Mrad/s
n = 0.50(6); & = 0 (41%)

At 343K

Wq(1) = 41.8(5) Mrad/s

n=0.34(2); 8 =0 (42%)
We(2) = 30.9(2) Mrad/s
n = 0.30(3); d =0 (58%)

»Indicates a phase
transition




og (Mrad/s)

»Temperature variations in wgy and n
clearly indicate a structural phase
transition at ~ 340K

»Results are in large disagreement
with previous reported results
(Preswich et al., HFI 12(1982) 329
Lowe et al., Chem. Phys. Lett. 46
(1977) 531)

=*From earlier study, a phase transition
at 250K was reported by Preswich et
al. A single interaction frequency was
reported above 252K (wg, = 47(4)
Mrad/s; n =0.19(3); & = 15(1)%)
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Sample: NagHfF,

»Three interaction
frequency appear

At RT

wq(1) =91.7(2) Mrad/s

n = 0.358(5); & = 2.5(3)%
(83%)

I(o)

Wq(2) = 50(1) Mrad/s)

n=0.65(12); 8 = 3(1)%
(13%)

Wq(3) = 45(2) Mrad/s
n=0.46(8);6=0

(4%)

Th ] E1] I T

t (ns) ® (Grad's)

»The sole previous measurement gives RT values
We(1) = 67.6 Mrad/s; n = 0.40 (50%)

Wo(2) = 119.8 Mrad/s; n = 0.15 (50%)

(J. Phys. Chem. Solids, 37 (1976) 1019)

»Disagrees with earlier reported results




Zr,Ni (prepared in Arc Furnace at SINP)

» Three interaction frequency appear
»>Wq(1) = 96.5 (3) Mrad/s; n = 0.838(4); 6 = 1.8(4)%
(80%)
in good agreement with earlier reported result
»>Wqo(2) = 73(1) Mrad/s; n = 0.44(4); 6 = 0 (11%)
»>Wq(3) = 37(1) Mrad/s; n = 0.57(6); & = 0 (9%)

»Wqo(2) and wy(3) are probably due to point defects
= crystal structure favor the formation of point defect
0 point defect observed earlier




BN LU

strong ferromag
Drulis et al. JMM, 256 (20c¢
vs. temperature data with
e 647 K (374°C)

crystal structure of Hf(Zr)Nis has cubic symme
zero electric field gradient which means no NQI.
erturbation is expected.

gnetic ordering in Hf(Zr)Ni5 can be easily checke
PAC measurements




Wo = 41.3(3) Mrad's;
n=0.74(3);0=0

® (Grad/s)

»The PAC data can be fitted with a single quadrupole interaction
only. No magnetic interaction is required
» A large base line shifts indicates a significant fraction (~58%) of
probe nuclei experience no efg due to sitting in a cubic
environment
»Remaining 42% probe experience an efg, probably due to defect
configuration (point defect)
»At RT, no magnetic ordering in ZrNis is observed by PAC.

pports earlier result of Silva et al. (JIMM, 322(2010) 1841







