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METASTABLE C:d-Ag ALl..lJY 'lliIN FII.11S 
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Departnent of Physics, University College of North Wales, 
Eangor, Caernarvonshire, Unite:l Kiniom, 

Introducticn 

The w:>rk reporte:l here core ems measurements on Cli-Ag alloys prepare:i 

cy the vapour queroh techniqu.1;:. Materials formed in this tey haw been 

extensively stuiled by Maier (1)  who found that if the atanic radii ratios 

of trn two ccnstituent elements were less than 1 .10 a crystalline stru::ture 

ms obtaine:l, whereas al::ove 1 .10 an aioorphous structure was fo:rned, These 

aioorµirus alloys are cnly stable below approx:ine.tely 0 . 3  of the awrage 

melting point of the ccnstituE'J'lt elerrents, 

Experimental 

Samples prepared by the co-evaporation of the tw:> metals en to 

substrates at room temperatures ,78 K and 4 .2 K ware analysed cy X-ray 

fluorescence, Their canposition was found to be within a few per cent 

of the expected. value. Studies cy X-ray diffraction and microprobe 

analysis, before and after annealing, rave mabled the distril:uticn 

an:l aI'I'anganent of the silver and ga:lolinium atans to be inwstigated. 

Finally E.S.R, X-band measurements an the alloy samples were made at 

temperatures between 4.2  K and 360 K. 

Results 

A sunnacy of the propa-ties of the alloys is shoWl in Tables I 

ani II, E, S,R, studies of the vaprur quenche:l alloys show that the 

resonance line width is a minimum at the Curie temperature ( 2 ) and this 

h3s enabl,� the Curie temperature of different alloy structures to be 



1 1 . 2 

TAS..E: I 

SUrmwy of Properties of Alloys prepared at 4.2  K and 78 K 

Alloy Curie temp 
At. % Qi OK 

100 310 ± 10 

96 270 ± 10 

9 :9 180 ± 20 

90 45 ± 10 

87 72 ± 10 

85* 140 ± 10 

84 150 ± 10 

79 165 ± 20 

76 200. ±  20 

53 335 :1; 10 

46* '"'350 

23* 350 ± 10 

*Deposition at 78 K 

TAILE I+ 

g-factor 

1.95 f 0.01 

1.97 ± 0.01 

1.98 ± 0 .01 

1.98 ± 0.01 

2 .01 ± 0.01 

1.99 ± 0.01 

1.96 ± 0.01 

1.96 ± 0.01 

1.96 ± 0.01 

2 .02 ± 0.02 

1.98 ± 0.01 

1.98 ± 0.01 

Crystal 
Structure 

r 
arrorphous 

l 
r.c.c . 

Sumnary of Properties of Alloys prep:ira:i at Room Tenperatures 

Alloy Curie t� g-factor Crys!hl 
At. % Gel °K ' 

Sq,ucture 

100 310 ± 10 1.98 ± 0.01 Aroorphous 

94 285 ± 10 1.96 ± 0.01 Aioorphous 

89 275 ± 10 1.97 ± 0.01 Aioorphous 

80 llO ± 10 1.96 ± 0.01 

66 115 ± 10 1.95 ± 0.01 r.c.c.

59 llO ± 10 1.95 ± 0 .01 r.c.c.

45 85 ± 15 ·  2 .00 ± 0.01 r.c .c.
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Fig, 1 

Microdensitorreter Curves of X-Ray 
Di£fracttl.on Photographs of Gd-Ag 
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ascertainoo., Results show that for samples prepared at 4 . 2  K and 78 K 

the Curie tanperature falls from 310 K for pure Gd to a mininum value of 

45 K for a 90 at , % Gd alloy increasing to a temperature atove that for 

pure Gd in ioore dilute alloys . For roan temperature deposited samples 

the l'urie t�ture falls from that of pure gadolinium to 110 K at 

80 at, % Ql. an:l remains at this value for canpositions dc:wn to 4/j at, % G:l.  

It  'hbuld appear that the E,S .R, data is a sensitive neasure of 
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,-: luJ tbc j_n structure and the sharp change in Curie temperature for lo,i 

. trny.,erature deposi too samples is typical of IJlat might l:e expectoo if 

a structure change occurred. 

Micrcdensitometer curves of X-ray diffraction :i:notographs 

{Figure 1) sh::M that alloys producoo at .Jaw temperature with a high 

Gd content are anorphc:AJ.s boooming crystalline tending to fonn an 

f.c .c .  structure for samples with less than 66 at. % Gel.

. _ Micropro))e analysis of samples before and after annealing show 
. 

that a:itha.igh the atans can be oonsid.era:l ranclanly dispersa:l initially, 

annealing causes sane aggregaticn which boocares prona.tmoo en samples 

annealaj at 20fJ°C. This effect does rot appear '. significant when low 

temperature deposi too samples are ra.ise:l to roan -cemperature. ·£he 

netastable nature of the alloys is e,ident from the s±ructure change 

on annealing. 

Discussion 

In ooth low t�erature and roan temperature deposite:l sang;i].es 

the change in Curie tarqJera.ture with decreas.ing Gd cm.tent suggests 

that the Qi atoms are dispersed � the silver, ie. the fall in Curie 

temperature confinns the forma.tim of alloy:.:samples. 'lhe behaviour 

of low temper>ature and room te�ra.ture deposited samples differ in 

that (1) the fall in Curie temperature is rore pronounced in the 

fonrer and (2)  below 90 at. % Gel the Curie t�ra.ture of tre lCM 

temperature deposita:l samples increases \o.hilst that of the room 

teng:,erature deIXJSited samples remains oonstant. It_ \\buld appear 

that for room tanperature deposited samples the Gd e:nvirorurent does 

not change appreciably below 90 at. % G:i and that this could result 

from a tendency for the Gd atoms to cluster. For the low te�rature 

deposite:I samples Here are a number of observations w,,ich indicate 
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the possibility of a different structure below 90 at. i Gel. These 

observations are t 

l) The C!hange in Curie tempera"b.ire 

2) Tie change :in character of the resonance line width and

g ;jl.cto� with coinpOsition. 

When these observaticns are ccupled with the X-ray diffraction 

data tre possibility of a structure change becomes feasible. 

Microprobe analysis and X-ray diffraction studies show that 

all alloys can be considered netastable below roan temperature tut 

around 200°c there is evidero� of the appearance of a tID phase structure . 
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DISCUSSION 

Why does the Curie temperature rise agai� with more than 
about 1 0  at% si lver  for al loys evaporated onto the cold 
substrate� 

The Curie temperature is determined by the strength' of the 
ferrotnagnetlo exchange Interaction .. Since a structure change 
is observed on reducing th� gadolinium content of the a l loy, 
this change may be responsible for the increases in the Curie 
temperature since It is known that the ferromagnetic exchange 
coup ling Is sensitive to changes in the structure and any 
associated change In the conduction electron concentration , 

B .  K .  Chakraverty :The reason for the Increase of Tc after the,minimum1could be 
simply due to increased s-f Interaction, as happens with 
Gd in Eu . 

J . Popplewe l l The value c:,f the Curie temperature in a l l  a l loys studied 
arises through s-f Interactions . It is rather a question . of what 
causes the ferromagnetic exchange Interaction to increase . 




