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Chapterr  5 

Magneticc properties of GdT4Al8 and GdT6Al 6 

compoundss (T = Cr, Mn, Fe, Cu) 

5.11 Introductio n 

Raree earth compounds of the type RT4A1S exist for almost all rare earth elements with T = 

Cr,, Mn, Fe and Cu. These compounds adopt the relatively simple ThMni? structure in 

whichh there is only one single rare earth site [1, 2]. The crystallographic picture is shown in 

fig.. 5.1. Neutron diffraction investigations have shown that the T atoms occupy almost 

exclusivelyy the 8f position in this structure [3-5]. From magnetic measurements and 

neutronn diffraction experiments performed on compounds in which T is non-magnetic (T = 

Cr,, Mn, Cu), it can be derived that the R-R interactions are antiferromagnetic and that the 

magneticc ordering temperatures are rather low [6-8]. In the RFCJAIH compounds, however, 

alsoo the Fe atoms carry a magnetic moment and the Fe-Fe interaction leads to 

comparativelyy high magnetic ordering temperatures, often above 150 K [5, 7-9]. Although 

primarilyy of an antiferromagnetic nature, the Fe-Fe interactions and the concomitant 

magneticc structures are complex [5, 9, 10]. This has consequences for the R-Fe interactions 

andd the resultant molecular field experienced by the R moments. Because of the weakness 

off  the R-R interaction it leads to an equally complex ordering of the R moments, not easily 

accessiblee by experiments. In order to obtain additional experimental information on the 

magneticc ordering processes in this class of magnetic materials, we have performed 

additionall  measurements on several of the compounds, supplemented with results on the 

correspondingg GdT6Al6 compounds in which also the 8j site is partly occupied by T atoms. . 
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(2a)) R O (8f)T O (8i) Al  (8j) Al/T 

Figuree 5.1. The crystal structure of RT4A1X compounds (ThMni2 - type. 14/mmm). 

5.22 Experimental 

Thee GdT4Al 8 (T = Cr. Mn, Fe and Cu) and GdT6Al6 (T = Mn. Fe, Cu) compounds were 

preparedd in polycrystalline form by melting stoichiometric amounts of the elements (of at 

leastt 99.9 % purity) in an arc furnace. For the specific-heat measurements, YM^Al» , 

YCU4AI88 and YCu6Alf, samples were also made by the same method. The as-cast ingots 

weree subsequently vacuum annealed at 800 C for several weeks. All samples were 

characterizedd by X-ray diffraction and shown to be almost single phase with Bragg peaks 

consistentt with the ThMn 12 structure. The amount of impurity phases was estimated to be 

lesss than 3%. Several attempts have been made to prepare samples of the composition 

GdCr6Al 66 using the same method. Anyway, the X-ray diffraction as well as EPMA 

investigationss carried out on the obtained ingots show that the ThMn^ structure does not 

formm with the atomic ratio 1 Gd: 6 Cr: 6 Al (for more details, see [11]). 

Thee specific heat was measured for some of these compounds in the temperature range 

fromm 0.4 to 90 K. Polycrystalline disks of about 2 gram were spark-cut for specific-heat 

measurements.. The experimental setup used for our data collection comprises the 

possibilityy for measurements by means of the standard adiabatic method with applying 

persistentt magnetic fields up to 15 T (see section 2.4.1). 
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Thee temperature dependence of the magnetization of the samples was studied in a SQUID 

magnetometerr in the temperature range 4.2-300 K in fields from 0 to 5 T (see section 

2.3.2). . 

Forr some compounds, the ac susceptibility and Faraday balance measurements were taken 

inn the temperature range from 4.2 to 300 K and from 50 to 900 K, respectively (see section 

2.3.1). . 

Thee field dependence of the magnetization at 4.2 K of all compounds was measured at the 

High-fieldd Installation at the University of Amsterdam. Samples for these measurements 

weree crushed to fine particles that were able to rotate freely in the sample holder towards 

theirr equilibrium directions (see section 2.3.2). 

5.33 Results and discussion 

5.5.77 RT4AIS compounds 

5.3.1.15.3.1.1 GdFe4Al8 

Resultss of magnetic measurements on GdFe4Al§ are displayed in fig. 5.2. These results are 

inn concord with those obtained previously on the same sample [8]. From Mössbauer spectroscopy 
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Figuree 52. Temperature dependence of the magnetization F jg u re 5.3. Temperature dependence of 

off  a powdered material of GdFeAlj, fixed with epoxy, Q/J for GdFe4Al8. 

measuredd in 1 T (left scale), and temperature dependence 

off  the reciprocal susceptibility (right scale). 
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itt can be derived that the Fe sublattice orders magnetically around 165 K [8], whereas no 

indicationn of this ordering becomes apparent in the temperature dependence of the 

magnetization.. It can be seen in fig. 5.2 that the only indication of magnetic ordering is at 

loww temperatures, where M(T) rises strongly well below 50 K. The exact value of the 

orderingg temperature, Tord - 26 K, has been obtained from specific heat measurements 

shownn in fig. 5.3. Although the specific-heat data are not very accurate above about 100K, 

theyy do not give any indication of ordering of the Fe sublattice at about 165K. 

5.3.1.25.3.1.2 GdCr^lx and GdCu4Ah 

Quitee a different behavior is found for the GdT^Alg compounds in which the T component 

(TT = Cr. Mn, Cu) is non-magnetic. 

Thee temperature dependence of the magnetization of GdCrjAls measured in 0.5 T is shown 

inn fig. 5.4. The Néel temperature of this compound was determined from the maximum of 

thiss curve. The data are also plotted as B/M vs T and displayed in the inset of fig. 5.4, of 

whichh a large deviation from linearity from above TN to about 200 K is observed. However, 

thee reciprocal susceptibility measured in 5 T as a function of temperature shows linear 

behaviorr above the ordering temperature (see fig. 5.5). These results indicate the existence 

off  an amount of magnetic impurity in the sample and its contribution to the total 

magnetizationn becomes less important in higher magnetic fields. 

AA plot of the reciprocal susceptibility vs temperature measured in 1 T for GdCu4Al8 is 

shownn in fig. 5.7. The value of 7N was derived from the specific-heat measurement in zero 

fieldd for this compound. 

Thee values of the asymptotic Curie temperature 8P and effective moment ^eff were derived 

fromm the curves in figs. 5.5 and 5.7. The data listed for these two compounds in tab 5.1 are 

inn satisfactory agreement with those of Felner and Nowik [7]. 

Inn figs. 5.6 and 5.8, the results of the high-field measurements on free-powder samples of 

GdCu4Al88 and GdCr4Al8 at 4.2 K are shown. The magnetization curve of all compounds 

startss from the origin which confirms the antiferromagnetic nature of the magnetic ordering 

inn these compounds. In the bending process, the magnetization increases almost linearly 

withh increasing magnetic field. In fields up to 35 T, the bending process is seen to reach 

completionn for both compounds. The values of the Gd moment in the forced parallel 
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configuration,, /AGA are found to be 6.9 p.B per Gd atom if one extrapolates the magnetization 

inn the high-field part down to zero field (tab. 5.1). 

Tablee 5.1. Magnetic properties of several GdT4Al8 compounds (T= Cr, Mn, Cu). TN, 0P in [K] , 

^eff°d,, /<Gd at 4.2 K in [//B/Gd at.]. 

Compounds s 

GdCr4Al8 8 

GdMn4Al8 8 

GdCu4Al8 8 

7"N N 

7 7 

~2 2 

34 4 

op p 

-6.5 5 

-8.55 [8] 

-18.5 5 

Gd d 

8.22 2 

8.06 6 

8.31 1 

/̂ Gd d 

6.9 9 

--

6.9 9 

0.7 7 

0.6 6 

0.5 5 

22 0.4 

££ 0.3 
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0.1 1 
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T ( K ) ) 

\ \ 

/ / 

Figuree 5.4. Temperature dependence of the magnetization of GdCr4Al 8 measured in 0.5 T. 
Thee inset shows the same results plotted as B/M vs T. 
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Figur ee 5.5. Temperature dependence of the reciprocal susceptibility of GdCr4Al 8 measured in 

55 T (solid squares: experimental data; lines are calculated, solid: total; dash: Gd moments; dot: 

itinerantt band, here only indicating a change of sign). 
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Figur ee 5.6. Field dependence of the magnetization of GdCr4Al 8 measured on free powder at 

4.22 K (solid squares: experimental data; lines are calculated, solid: total; dash: Gd moments; 

dot:: itinerant band). 
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T(K) ) 

Figuree 5.7. Temperature dependence of the reciprocal susceptibility of GdCu4Al8 measured in 

11 T (solid squares: experimental data; lines are calculated, solid: total; dash: Gd moments; the 

differencee is due to the itinerant band). 
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Figuree 5.8. Field dependence of the magnetization of GdCu4Al8 measured on free powder at 

4.22 K (solid squares: experimental data; lines are calculated, solid: total; dash: Gd moments; 

dot:: itinerant band). 
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40 0 

T(K ) ) 

Figuree 5.9. The C/T vs T data in zero field of GdCu4Al« (solid square) and YCu4Al8 (open 

square)) after being corrected by the mass correction ratio 0.92. The inset shows the 

temperaturee dependence of magnetic entropy Sm of the Gd compound. The dashed line 

indicatess R ln8 limit. 

Figuree 5.10. Temperature dependence of Cm of GdCu4Al8 in zero field (The scatter graph 

givess the experimental data, the line graph represents the fitting results). 
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Specific-heatt measurements were performed in zero field for GdCu4Alg and YCu4Al 8. The 

magneticc contribution to the specific heat, Cm of GdCu4Al 8 has been evaluated using the 

specific-heatt data of the Y compound as the non-magnetic reference. The results are shown 

inn figs. 5.9 and 5.10. The 'Gd-bump" is observed at about 11 K (7/TN ~ 0.32) (see section 

3.6).. The inset of fig. 5.9 indicates that at 70 K the magnetic entropy 5m reaches 2.06 R, 

whichh is in excellent agreement with the expected value for Gd + 2.08 R (i.e. 99%). Above 

TN,, a considerable amount of magnetic entropy still exists, which can be due to some short-

rangee magnetic ordering. 

Thee generalized molecular-field model has been applied to analyze the data for these Gd 

compounds,, taking into account the contribution of the non-4f electrons in a similar way as 

inn the treatment of the GdT2Ge2 systems. As mentioned in chapter 3, for these calculations, 

ann EM system was assumed. The fitting results are presented in the same way, together 

withh the corresponding experimental data. The fitting parameters are listed in tab. 5.2. 

Tablee 5.2. Fitting parameters for the temperature dependence of the reciprocal susceptibility, the 

fieldd dependence of magnetization at 4.2 K and the specific-heat data of GdT4AlK (T = Cr and Cu). 

7"NN in [K] , HRR(Ö), nRR(0), nrr(Ö), «rr(ö), nRT(0) and a0T in [Tf.u.///B], a2T in [Tf.u.//YBK2], bm in 

[Tf.u.V/yB
3].. In the calculations, we kept gjGd = 2, nRT(Q) = nrr(Q) = /JTT(Ö) = 0. 

Compounds s 

GdCr4Al s s 

GdCu4Alg g 

7N N 

7 7 

34 4 

<7()T T 

400 0 

100 0 

aa22j j 

-0.005 5 

0.004 4 

km km 

0 0 

200 0 

«RR(Ö) ) 

0.49 9 

2.41 1 

WRR(0) ) 

-0.67 7 

-1.38 8 

nnRTRT(0) (0) 

-5.71 1 

-3.0 0 

Neutron-diffractionn results obtained for DyCu4Al 8 and HoCu4Al 8 showed that the magnetic 

structuree is simply antiferromagnetic with ferromagnetically ordered (001) planes stacked 

antiferromagneticallyy along the c direction [12]. The R moments at the corners of the unit 

celll  are antiparallel with those in the center of the cell. Hence, in a simple molecular-field 

approach,, we can identify the intrasublattice coefficient n\ \ with the ferromagnetic coupling 

withinn the (001) planes and the intersublattice coefficient tin with the antiferromagnetic 

couplingg between adjacent planes. If GdCu4Al 8 also adopts this type of magnetic structure, 

correspondingg to Q = K/2 in the generalized model we can calculate the values for «n and 

n\2n\2 for this compound based on the relations given in section 3.3: 

«II  i = [«RR(6) + IRR(0) ]; "i2 = - [«RR(Ö) - "RR(Ö)1 (< °) 
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Here,, nRR(Q) and nRR(0) are the fitting parameters listed in tab. 5.2. The positive value 

1.22 Tf.u./jiB and the negative value -3.62 Tf.u./û  are found for n\\ and nu, respectively, 

whichh is in concord with the above assumption. 

5.3.1.35.3.1.3 GdMnM 

Resultss for GdMn4Al8 have been reported in the literature [8|. Curie-Weiss behavior being 

observedd from room temperature to 4.2 K. The values found for 7"N. ftp and /uctf have been 

includedd in tab. 5.1. 

Thee temperature dependence of the specific heat of GdMn4Al s has been measured as a 

functionn of the field strength. Plots of CIT obtained for various values of the field strength 

aree displayed in fig. 5.11. The curve obtained in zero field has a maximum at about 2 K, 

reminiscentt of a Schottky-type anomaly. Increasing field strength is seen to lead to some 

narrowingg of the peak, without shifting the temperature 7max of the maximum to lower or 

higherr temperatures. However, for fields higher than 4 T, the maximum is shifted towards 

higherr temperatures. The field dependence of rmax is shown in fig. 5.12. Such behavior, the 

absencee of a sharp >.-type anomaly in particular, refutes the presence of long-range 

magneticc order in the low-temperature region considered by us. Based on the negative Curie-

Weisss intercept (ftp = -8.5 K, [8]) this behavior can be understood by assuming short-range 

antiferromagneticc correlation between the Gd moments that lift the 27+1 fold degeneracy 

off  the ground state and cause a Schottky-type anomaly in the specific heat. 

Inn the low field range in fig. 5.12, the splitting of the 27+1 manifold is due to the local 

exchangee field, whereas the high-field part of fig. 5.12 reflects the increasing splitting 

inducedd by the external field. 

Thee absence of long-range magnetic order and the concomitant absence of a sharp X.-type 

anomalyy may, for instance, be due to magnetic frustration. As discussed by Déportes et al. 

[12]]  for the R sublattice in the ThMnn structure, such a case can arise when there is a 

competitionn between the various near neighbor interactions that have to be taken into 

account.. For special values of the interaction constants, two antiferromagnetic structures of 

thee same energy may become favored. In this case, the moment arrangement may fluctuate 

andd resemble locally one of the two magnetic structures, preventing long-range magnetic 

order. . 
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Becausee Y is non-magnetic, the data of YMn4Al8 obtained by Hagmusa et al. [13] can be 

takenn to represent the non-magnetic contribution to the specific heat. In order to obtain the 

magneticc contribution Cm to the specific heat for the GdMn4Al8 compound, we have first 

correctedd the YMn4Al8 data for the R-mass difference with the mass correction ratio 0.91 

andd subsequently subtracted them from the data of the GdMruAlg compound. The plot of 

thee temperature dependence of CJT of GdMn4Al8 obtained in this way is shown in fig. 

5.13.. In the same figure, we also show the temperature dependence of the magnetic 

entropy.. The plotted magnetic entropy values have to be regarded with some reservation 

becausee the magnetic entropy contribution from the low-temperature part below 0.4 K, 

fallingg outside our measuring range, is not negligible and is estimated to be about 0.3 

J/molK.. This means that the actual magnetic entropy values are slightly higher than those 

plottedd in fig. 5.13. The magnetic entropy is seen to become almost temperature 

independentt near 20 K with a value 5m = 2.01 R if we take the missing part of the magnetic 

entropyy into account. This value is 96.6 % of the expected value for Gd3+. 

Concluding,, we have shown that no long-range magnetic ordering occurs in GdMn4Al8 at 

temperaturess above about 2 K. Below this temperature, our specific heat data point to the 
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Figuree 5.11. Temperature dependence of C/T of GdMn4Al8 in various applied magnetic fields. 
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Figuree 5.12. Field dependence of the maximum temperature found in the plots of CIT vs T (the 

dashedd line is used as guide for the eyes). 
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Figuree 5.13. Temperature dependence of CJT of the compound GdMn4Al« (left scale). The solid 

curvee represents the temperature dependence of the magnetic entropy (right scale). 
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existencee of short-range magnetic ordering, possibly due to the presence of short-range 

antiferromagneticc correlations between the magnetic moments. In GdCr4Al 8, GdCu4Al 8, 

thee magnetic ordering temperatures are 7 and 34 K, respectively. These values contrast 

sharplyy with the absence of magnetic order above 2 K. found in GdMn4Al 8. Because 

crystal-fieldd effects are not expected to play any role in GdMn4Al8, the present results 

showw that the extremely low magnetic ordering temperatures observed in RMn4Al8 

compoundss are not due to a possible crystal field-induced moment reduction, but are the 

resultt of a very weak overall magnetic coupling between the R spins. In fact, it can be 

assumedd that the magnetic interaction between the Gd moments is the strongest one of all 

thee compounds in the RM^Als series provided the type of coupling between the R 

momentss proceeds by means of the same mechanism (for instance, an RKKY type coupling 

ass discussed in [12]). For R = Nd, Tb, Dy, Er the De Gennes factor is lower than that of Gd 

byy a factor 0.116, 0.667, 0.450 and 0.162, respectively. Given the absence of ordering 

abovee 2 K for GdMn4Al8, it is therefore not surprising that no magnetic ordering was found 

abovee 1.7 K in NdMn4Al8 [13], above 1.5 K in TbMn4Al8 [4], above 1.7 K in DyMn4Al8 

[13]]  and above 0.5 K in ErMn4Al8 [13]. The comparatively high ordering temperature of 

144 K found in PrMn4Al8 [13] has to be regarded with suspicion, because it is not expected 

too be higher than 0.2 K on the same basis. It will be discussed below that higher ordering 

temperaturess can be reached if the Mn atoms are not restricted to the 8f site. It is possible 

thatt enhanced site interchange between Mn and Al may be the origin of the high ordering 

temperaturee found in the latter compound. 

Finalizingg this section, we come to the following conclusion. The Gd-Gd interaction in 

RT4Algg compounds with non-magnetic T components is antiferromagnetic and leads to 

fairlyy low magnetic ordering temperatures. 

5.3.25.3.2 RTöAlf, compounds 

Itt has been mentioned already that neutron-diffraction results have shown an almost ideal 

preferentiall  occupation of the T atoms on the 8f sites. Nevertheless, a small deviation from 

thee ideal site occupation cannot be excluded. In order to obtain an impression of the effect 

off  the occupation of the other two sites (8j and 8i) by T atoms we have used an excess of T 

atomss forcing these atoms to occupy also these other two sites. Results of neutron diffraction 
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Figuree 5.14. Temperature dependence of the reciprocal susceptibility of GdCu(,Al6 measured in 

11 T (solid squares: experimental data; lines are calculated, solid: total; dash: Gd moments; dot: 

itinerantt band, here only indicating a change of sign). 
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Figuree 5.15. Field dependence of the magnetization of GdCu6Al6 measured on free powder at 

4.22 K (solid squares: experimental data; lines are calculated, solid: total; dash: Gd moments; 

dot:: itinerant band). 
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havee shown that the 8i site is very reluctant to accept T atoms, so that it is predominantly 

thee 8j site where the Al atoms are replaced by the excess T atoms [14]. 

Fromm the results shown in fig. 5.14 for GdCu6Al6. we derive 7"N = 10 K. appreciably lower 

thatt the value for GdCu4Al8 (7"N = 34 K). Evidently, the influence of excess Cu atoms is to 

shiftt 7\- to lower temperatures. The data obtained for 7N, 0P and //dr in GdCu6Al6 have 

beenn listed in tab. 5.3. 

Resultss for GdMn6Al 6 are shown in figs. 5.16-5.18. There is no clear Curie-Weiss behavior 

forr this compound in the temperature range considered here. This is most likely due to the 

occurrencee of a magnetic moment for the excess Mn atoms on the 8j sites, as suggested by 

Coldeaa et al. [15]. Also the magnetic ordering temperature has increased strongly and 

shiftedd from about 2 K in GdMn4Al8 to 36 K in GdMn6Al6. Fig. 5.18 shows that the 

antiferromagneticc ordering can be broken in relatively low magnetic fields. 

Magnetizationn measurements in high field strengths for GdCu6Al6 and GdMn6Al6 are 

shownn in figs. 5.15 and 5.19, respectively. These data confirm the antiferromagnetic nature 

off  the magnetic state in these compounds. In GdCu6Al6, the bending of the two sublattice 

momentss leads to an initial linear behavior. It is seen, however, that the slope of the 

isothermm of GdCu6Al 6 becomes less steep above about 10T and that the bending process 

seemss not yet to have reached completion even in 35T. The data displayed for GdMn6AI (1 

inn fig. 5.19 show that the bending process does not lead to a linear part in the whole field 

rangee considered. In 35 T the magnetic isotherm is still far from saturation. 

Generalizedd molecular-field model was applied to GdCu6Al6. Reasonable fits were 

obtainedd for the temperature dependence of the reciprocal susceptibility and the 

magnetizationn curve at 4.2 K and are shown in the same figures with the corresponding 

experimentall  data. The fitting parameters are listed in tab. 5.3. 

Wee can state that the overall Gd-Gd interaction in GdT6Al6 compounds is not notably 

differentt from those in GdT4Al8 compounds. In both cases it leads to antiferromagnetic 

ordering,, albeit the ordering temperatures change with the T concentration. 

Antiferromagneticc ordering has also been observed in the isostructural compounds GdZni: 

[17]]  and GdNii0Si2 [18], the corresponding magnetic ordering temperatures being TN=  16 K 

andd Ts =5K. respectively. 
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Tablee 5.3. Magnetic properties of GdCu6Al 6. rN, 0p in [K] , /4-tf in [jU B/Gd at.]. Fitting parameters 

forr the temperature dependence of the reciprocal susceptibility, the field dependence of 

magnetizationn at 4.2 K. Ts in [K] , nm(Q), nm(0l nR1(0) and am in [Tf.u./^B]. «2T in [Tf.u./^BK2], b  ̂ in 

[Tf.u.3///B
3].. In the calculations, we kept g  ̂ = 2, nRJ(Q) = n-n(Q) = n-n(0) = 0. 

Compound d 

GdCu6Al6 6 

rN N 

10 0 

Op p 

-43.5 5 

/^eff f 

8.2 2 

Ö0T T 

100 0 

a2T T 

0.003 3 

bro bro 

2 2 

HRR(Ö) ) 

0.6 6 

"RR(Ö) ) 

-3.19 9 

nnRTRT(0) (0) 

-5 5 

Resultss of magnetic measurements obtained for GdFe6Al 6 are shown in fig. 5.20. When 

comparingg these data with the results for GdFe4Al 8 shown in fig. 5.2, it can be noticed that 

theree has been an enormous increase of the magnetic ordering temperature. The Curie 

temperaturee in GdFe6Al 6 is above room temperature and our value Tc = 345 K is in 

agreementt with results obtained by Felner et al. [191. In view of our result for the 

compoundss with other T metals that the Gd-Gd interaction does not depend much on the 

stoichiometry,, we attribute this increase to a strong enhancement of the Fe contribution. 

Thee results displayed for Gd0.7Yo3Fe6Al 6 in the same figure prove also that the R-T 

interactionn plays a minor role, because the magnetic dilution of the Gd sublattice by 30 percent 

2.5 5 

0.0 0 

—o—— Gd„,Y„,Fe Al 

Ï 2 2 

II -

0 0 

. . . " " " 

•• GdFeAI. 

00 100 200 300 400 500 600 700 800 0 5 10 15 20 25 30 35 40 

TT (K) B (T) 

Figuree 5.20. Temperature dependence of the Figure 5.21. Field dependence of the magnetization 

magnetizationn of GdFeöAlf, and GdojYojFeeAl* of GdFe«Al6 and GdnYojFeftAl* measured on free 

measuredd in 1 T on a fixed-bulk sample. powder at 4.2 K. 
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iss seen to have hardly any influence on the magnetic ordering temperature. Results of high-

fieldd measurements are shown in fig. 5.21. It can be seen that magnetic dilution of the Gd 

sublatticee leads to a strong upward shift of the magnetic isotherm. Taking into 

considerationn that neutron diffraction 120] has shown several RFe6Al6 compounds to be 

collinearr ferrimagnets. this shift in upward direction can be taken as evidence that the Fe 

sublatticee moment dominates the Gd sublattice moment in GdFe6Al6. We mentioned 

alreadyy that in RFef,Al6 compounds also the 8j site becomes partly occupied by Fe atoms. 

Thee partly and statistically occupation of this latter site leads to concentration fluctuations 

andd hence to a distribution of nearest neighbor configurations. The Fe atoms having a 

relativelyy low number of Fe nearest neighbors may have a relatively small moment in 

zeroo applied field. Because the applied field is parallel to the Fe sublattice moment, these 

latterr atoms potentially can show a large increase of their moment with increasing field 

strength.. This is probably the reason why both isotherms show a comparatively strong field 

dependence.. Assuming that the spontaneous moment in GdFe6Al 6 is around 1.7 uB/f.u. 

wee derive with ^&i = 7 |UB. a value for the average Fe moment of 1.5 uB. a value that is in 

reasonablee agreement with the neutron diffraction data obtained on other members of the 

RFe6Al 66 series [20]. 

5.44 Conclusions 

Wee have studied the magnetic properties of GdT4Al*  and GdT6Al6 compounds with T = Cr. 

Mn,, Cu by means of standard magnetization and susceptibility measurements, 

magnetizationn measurements in high fields up to 35 T. and measurements of the specific 

heat.. In these GdT4Al*  compounds, the T element is non-magnetic or carries a very small 

magneticc moment. In all these cases, the coupling between the Gd moments is fairly weak 

andd leads to antiferromagnetic ordering at rather low temperatures. For GdMn4Al* . no 

evidencee of long-range magnetic ordering was found. In the GdT6Al6 compounds, more 

thann one crystallographic site is occupied by the T elements, leading to relatively strong 

changess in the magnetic ordering temperatures. The data for GdCr4Al8, GdCu4Al8 and 

GdCu6Al fll can be well described by means of the generalized molecular-field model 

(chapterr 3). A comparison was also made with the magnetic properties of GdFe4Al8 and 
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GdFeöAlftt compounds in which the Fe moments strongly determine the magnetic 

properties. . 
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