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ABSTRACT

This thesis reports on the bLehaviour of the n.m,r..

signel from A1%7 in A) and Al En alloys. We have obtained
values of 0.1562 ,0U2% for the Xnight shift and of BB 2 o8,

for the line width in pure Al, in 8004 agreement with values
rgported elsewhere,

On alloying with Mn, decreases in intensity, line
wldth and Knight shift are observed, Thils behaviour is
readily explained by nuclear glectrice Quadrupole interactions,

The small effective magnetic moment of the ¥n ions

8eems O have a negligible eff'ect on the line end {rom that

point or view Al ¥n behaves assentially like Al Mg and Al Zn

“whioch have been extensively studied recently,
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CRAPTER I
DFPRODUCTION
The non-magnatic benaviour of Al-#n alloys has bsen

studied resently through low temperatura rosistivity (Hedgoook
et al, 1557) and magnatic suscontibllity {Collings ana
Hedgeoeik, 15%1) measuroments., A nuclear magnotie resonance
{(n.m.r.} study of the same alloys was wndertaksn in order to
obtain additlonal gonfirmation of this bohaviour. The
tomperature indspendence of the 1inas width, whleh we have
observed, provides this confirmation.

Additional evidenca has 21so0 hesn found %o verify
the influence of guaidrupole effeets on tha an.m,r, line,
Bislocations produced on Ciling the apeseimang are found to
bé,parhicular}y affeotive in ecagusing largs decrcases in
intenslity, line width snd Xnight shift, We have been unable
Lo determine the relative Influences of dislocations and
Impuritles, but the results indicate that the impurities "loek
in" the dislosations and thepefors are only indirectly
Involved,

_ Wg do not attempt to review the thaory or to sumnarize
the resulvs obtained olsewhers, Wo report only tha resulte
obtained on Al-¥n alloys and attampt an sxplanation of these
results, Ve refor to articles on n.m.r. oy Androw (13.%), on
the Rulght shift by Knight (19:6) and by Mliford glga}az) and on
quedrupole affocts in solids by Cohen and ﬁei§$§3r the basio
theory of n.m.r.
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CHAPTER IZ1
RESULTS
In Table I are shown the results of intensity, line

wldth and Knight shift measurements in Al-Mn alloys ve, in-

ereasing conoenkratien of ¥n. They are shown graphlcally in
Figs. 3, % and L. These results are the mean values of a
large number of wmeasurenments (29 or mora), the errors gquoted
being r.m.s. devistions from the mesn. Table I also lists
the results of residuzl resistance measurements which wore
made on a portion of each alloy prepared (column (2) ).
Column (3) shows the concentrations of Mn in solild solution
determined {rom these measurements and the extrapolated data
of Wallingford which is shown in Fig. 2. The dangers inherent
in making the extrapolation are fully realized. Our only
Justiflcation 18 that the nominal values of concentration
(column (4) ) and those determined from residual resistance
ratioe sometimes egrea. VWhere agreement indicates that the
Mn ha# remained in eolution, the nominal values of concen-
tration are assumed corrcot, Whefe serlous discrepancies
ocewr, the vaiugn obtained from residual resistance measure -
ments are used,

The value of ©,162%,002% reported here (:) for
the Knight shift in pure AL agrees well with velues of Ge162%
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an impurity atom malkes the sizgnal uwnobservable fmm’ n solvant
atomas surrounding the impurity, all others remaining unaffec
ted, If ¢ is the abtomic fracvion of sclute, the relabive
intensity I/I, should be proportional to (: ¢)”. A straight
line of slope n should be found wien log I/1, is plotted
agzeinst log {1 ¢). Juch behaviour has been cbserved for the
oentral component of the Cu - resonance (Bloemborgen and
Rowland. 1%53) and for the satelliites of Al (Rowlani, 1335).
In the latter sase, the contribution from the sentrsl cono
nent is subtracted from the t¢ial latansity. This gontribution
is expected, from thieoreticel considerations, to be 3/35, &
value which has LDeen expericentally conflrmed, For the
gatellites therefore the quantity log (I/I, 7/35) is plotted,
With ocur results, a logaritimic plot of reduced intensity
(3/1, 9/30) shows the right behaviour (Plg. §), but intensity
is found to decrease much more rapidly in our alloys than
in Al ¥g or Al in. Rowland (1%53) has shown that the distur
bing effect of an impurity atom is dus to0 a difference in
oharge between golute and solvent atoms with a small contri
bution due to a difference in size, It is expected that
Al ¥n should glve the came results as Al Mg and Al Zn alloys.

it 1s lmouwn that, by cold working, & larze number
of diclocations, x_mich do not awleal at room temperature
(Cottrell, 1u4%), is produced in the specimens. This causaes
a decreass in igtensity in pure cold worked Cu (Biloembergen
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s
than the theoreticel valus of ..U and the observed value of
4,801, found in #g-fn (Collings anu Hedgooow, 131},

1t follouws trat no megnetlc Lroedening of the n.m.r,
line snould be observed in Al-¥n alloys. One measuremsnt at
4,2°K confirms the temperaturs independent bshaviouy of the
line wiath, Honce we {eel Justified in assuming that there
18 no magnetic efle¢ct on the n.m.r. 1line.

| Reif (19..} observed that, when the satellites were :

(A% {

nearly ovliterated by ecvralns, the widths of the 3 snd Br”’

2
resonances in a crystal of Agbr were smallay &nageche unsvrainad
erystal. He suggests that tnis narrcwing of the line erises when
intenslity 15 removed from tho middle of the central somponent
and transferred to the wings, It would scem Lhab the rnarrowing
is due to quadirupole eifscts sinoe atralning the crystal nas
produced it Lut the meonanism suggested is not very satislec—
tory.

| In Al-tin (Pig. 4), the same nerrowing occurs and 1s
probably due o dislocations wnieh ere trapped in the wmetal by
the presence of impurities., The concentration dependence would
e explained by a larger numbar of dislocations baing urapped
in the metal by an increesing number of impurity centars.
Henoo the impurities allsct the iine width indirectly by
locking in the dimlocatvions whicn reduce tiie invensity and the
width of the lines through gquadrupole effecis. The oharge
distortions introduced by tho impurity atons way also ba

responaible {or the quadrupole narrowing of tho line., A
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plectron density 1f less than .1 whereas the quadrupocle
ghift ls an order of magnitude or more graater, We observe
a value of 4 for this quantity. It ie believed that the
deorease in Knight shift is due largely Lo guadrupole |
interactions., The magnitude of the decrease may indicate
ezalin the imporvance of dislocaiions,

¥e would like to point out finally an interesting
ef'fect of dislocations on the Knight shift in pure Al and
in the Al Mn alloys which to ocur imowledge has not been
reported in the liverature. Immediately af'ter 7iling, an
sbnormal decrease in resonance freguency of about 1.
ke/sec. vas observed, This 1s considerably larzer than
the decrease plotted in Filg. _. This deoreaps was found
to disapprar after avout = waeks in pure Al and after about
L weeks in the alloys., ¥e believe that it can be accounted
for as {olliows, In the pure metal, the dislocations are
known U0 dlsappser quickly at roowm tempsraturse., In the
alloys, the impurity stoms look in the disioceavions and the
annealing is ouch slower. In fact, intensity messurements
indicate cthat ennealing 1s not complete. It 18 of interest
to coint out that the chanzge in frequsncy obgerved alter
riling and on alloying are in the same direction. In
support of our Iinterpretation; ws have verifled thet
annealing a pure Al sample et 4. C for  to 4 hours

completely removes thas abnormal decrease.
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CHAFTER V
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CONCLUSIONS

The values of o.142%, 0022 for the Knight shift
and of $,05%,.2 oe, for the line width ars in good agreement
wish values reported elsewhero.

The decreasss in intangity, line widsh and Anight
shift obeervad are accounted (or by nuclsay alsaetric quadru-—
pole effects. The inability to anneal the specimens makes
impossivle a proper evaluation of the contribution of
impurities and disloggcions Lo these eifects,

Contirmnavion of ihe non magnatic nanaviour of ths
Al ¥n alloys ias been obtalned, Further neasuraments should
be taken at 4,2°X in order to verify this. It would be
interesting also to get quantitative nessurenents of the
annealinz process in pure Al and in tre alloys using the
abnormal snift found immedistely altver filing.
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