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I. F'hys.: Condens. Matter 5 (1993) 3027-3038. Printed io the UK 

Structure, magnetic properties and Mossbauer spectra of 
RTiFellC, (R = Y and Gd) 

2 W Li, X 2 Zhou and A H Morrish 
Depanment of Physics, University of Manitoba, Winnipeg. Canada R3T 2N2 

Received 4 January 1993 

Abstract. The carbides RliFetiC, (R=Y and Gd) have been prepared by heating powders of 
RTiFcii in C€b at SW T. For both the C concenhation is abu t  x 0.7-0.8 on lhe basis 
of the weighing method and Miissbauer spectm X-ray diffraction indicates that these carbides 
retain the crystal shlcLure of their parents. but the cell volume expands by about 3%. The 
Curie temperatures increase by 175 and IW "C. respectively. as compared to those of their 
parents. The ratio of the relative change of the Curie temperature to the relative change of the 
cell volume, p = ( A T J T , ) / ( A V / V )  = 12.4. is a mmtant for YlIFeiiC, annealed al various 
temperatures. This result indicates hat  tk increase of the Curie temperature is a volume effect 
M6ssbauer specIra at roam temperature are fitted using seven subspectra for YTiFeitCa.? and 
GdliFeiiCa,,. because the C atoms affecf the hyprfne parameters. Their average hyperfine 
fields are 30.2 and 29.1 T, respectively. which is an increase of 30 and 15% as EompaRd to 
those for the parentr. 

1. Introduction 

Many researchers have found it interesting that some atoms can enter interstitial sites of 
RFe compounds and modify their magnetic properties. Coey and co-workers [ 1,2] first 
prepared a new series of interstitial rare-earth iron nitrides, R2Fe17N,, by reacting powders 
of small RzFe17 particles with NHs or Nz at about 500 "C. Later the method was extended 
to prepare RTiFellN, compounds [3]. Both R2Fe17N, and RTiFellN, retain their parent's 
crystal structure, but the cell volumes expand when interstitial N atoms are present. Neutron 
diffraction showed that the N atoms occupy the 9e site for the Thz2nl.l structure, the 6h 
site for the ThZNil7 structure [4,5] and the 2b site for the ThMnlz structure [SI. 

As for N atoms, the C atoms also enter interstitial sites after heating the powders of the 
rare-earth iron compounds in a hydrocarbon [7,8]. In this paper, the carbides RTiFetlC, 
(R = Y and Gd) were prepared by heating powders of RTiFell at 500 "C in CH+ Their 
crystal structure and Curie temperatures were measured. Mtissbauer spectra were collected 
and analysed, with the object of unraveling the magnetic properties of these carbides on an 
atomic scale. 

2. Experiment 

RTiFegl (R = Y and Gd) were prepared by arc-melting of better than 99.5% pure primary 
materials in a purified argon atmosphere followed by annealing at 11W1200K for 72 h in 
an Ar atmosphere and then quenching in air. The RTiFell compounds were ground into 
fine-particle powders (the size of the particles was smaller than 20pm). The powders were 
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heated in C& in a pressure of about two bars at various temperatures for one hour. Then 
the sample chamber was pumped for a few minutes to eliminate any Hz. Powders heated at 
500 "C were annealed in an Ar atmosphere for five hours in addition to the above heating 
process. By weighing, the C concentration was determined to be x = 0.8(2), OS(2) and 
0.1(1) for the sample YTiFell annealed at 500,450 and 400 "C, respectively. 

X-ray diffraction experiments were performed with a diffractometer using Cu & 
radiation. Curie temperatures were obtained with a vibrating sample magnetometer in an 
applied field of 0.050T. 

57Fe Mossbauer spectra of the RTiFellC, compounds were taken at room temperature 
using a conventional constant-acceleration spectrometer. The y-ray source was 57c0 in a 
Rh matrix. Mdssbauer absorbers were powdered samples with about 8mgcm-' of natural 
iron. Calibration was made by using the spectrum of a-Fe at room temperature. Since the 
quadrupole splitting was much smaller than the magnetic hyperfine field splitting for all 
samples, a perturbation Hamiltonian was used to analyse the Mossbauer spectral data. The 
parameters obtained for each six-line pattem by a least-squares fitting procedure were the 
magnetic hyperfine field, Bhf, the quadrupole splitting, E, the isomer shift, 8 ,  the line widths 
and intensities. The relative areas for the six lines of a subpattem were constrained to be 
in the ratio 3 : 2 : I : 1 : 2 : 3, respectively. 

3. Results 

3.1. Crystal srrucrure 

X-ray diffraction pattems show that all samples (RTiFel,, R = Y and Gd), annealed in C& 
at 500 "C for one hour, retain the ThMnlz structure. The cell volumes increase by about 
3% as compared to those for their parents. Since the radius of a C atom is smaller than that 
of a rare-earth or an Fe atom, an increase of the lattice parameters implies that the C atoms 
enter the interstitial positions in the lattice rather than substituting for the rare-earth or Fe 
atoms. In addition, small amounts of a-Fe are found in all carbide samples. The lattice 
parameters a and c for the carbides RTiFellC, (R = Y and Gd) annealed at about 500 "C 
are listed in table I .  

Table 1. Lattice parameters and Curie temperatures for RTiFejl and RTiFellC, (R = Y and 
Gd) annealed in CH4 at 500 IC lor one hour. 

a (A) c(A) c /o  vcA3) AV/V(%) T,W) 
YliFel I 8.539(3) 4.8060) 0.563 350 250(5) 
YTiFellC, 8.572(4) 4.893(4) 0.571 360 2.9 4256) 
GdTiFell 8.547(8) 4.80246) 0.562 351 3350) 
GdTiFel IC, 8.583(8) 4.908(8) 0.571 361 3.1 43x5) 

Some typical x-ray diffraction patterns for YTiFel, powders annealed in C& in various 
temperatures for one hour are shown in figure 1. The lattice parameters, a and c, are plotted 
against the annealing temperature, Ta, in figure 2. For a sample annealed at a temperature 
of 400 "C, these lattice parameters change but little compared to the unheated parent. For 
samples annealed at 450 "C, the diffraction lines broaden and two sets of diffraction pattems 
are observed (see in figure I@)). One is close to the pattem for untreated YTiFell, the 
other to the pattem for the sample annealed at 500 "C. For the sample annealed at 500 "C, 
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the lattice parameters a and c have increased significantly; it is found that the cell volume 
expands from 350A3 to about 360A'. At the annealing temperature of 550 "C. the lattice 
parameters a and c are the same as those for the sample annealed at 500 "C. but the amount 
of or-Fe increases. This shows that C absorption has reached saturation. When the heating 
temperature is 750 "C, the RTiFellC, decomposes completely into a-Fe and a rare-eaah 
carbide. 
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Figure 1. D i a v s  of x-ray diffraction 
panems of YTiFell with no heating (a) and 
after heating in CH4 at Iwo bars for one hour 
a1 (h) 450 T (c )  500 'C and (d)  750 T. 

Figure 2. (U) lattice parameters and (b) Curie lemperafures for 
YTiFell after heating at various temperatures. T., in Ctb at WO 
bars for one hour. 

3.2. Curie temperature 

The Curie temperatures increase with the cell volume expansion in the C absorption process, 
as shown in table 1. Some typical thermomagnetic scans are shown in figure 3. The 
dependence of the Curie temperatures on the annealing temperature of the samples is shown 
in figure 2(h) for YTiFell. The Curie temperature, Tc, is 250 "C for virgin YTiFeii and has 
a rapid increase for the samples annealed above 450 "C. For the sample annealed at 450 "C, 
there exist two Curie temperatures, one at 300 "C and the other at 420 "C. The origin is 
an insufficient amount of C absorption. Higher and lower Curie temperatures correspond to 
two parts of a particle, respectively. One is rich in C absorption, probably near the surface, 
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Figwe 3. Some typical thermomagnetic scans. (0) GdTiejl after heating at 500 'C in CH4 at 
two bars for one how (6) YTiFell alter the same heat treatment: (c )  YTiFell after heating at 
450 ' C  in CH4 at two ban for one how, and [d) unheated YTfie!]. 

and the other, probably the core., has a small C content. For samples annealed at 500 and 
550 "C, only one Curie temperature of 425 "C is observed. Apparently, these samples have 
sufficient absorption to have a uniform C concentration 

4. Mhbauer spectra 

4.1, Mossbauer spectra at room temperature 

The Mossbauer spectra at room temperature for RTiFell (R = Y and Gd) powders after 
heating at SO0 "C in G+ for one hour an shown in figure 4. For RTiFellC,, a good fit 
with three subspectra, as used for the parent materials, can no longer be obtained. The 
source is the influence of the C atoms on the hyperfine parametem It was found necessary 
to divide the patterns for each site into two or three components that correspond to the 
various C neighbour configurations. In addition, an a-Fe and a doublet spectrum were 
introduced For GdTiFe,,C,, a weak six-line spectrum with an isomer shift of -0.2 mm s-' 
and a hyperfine field of 22.9T is also included. The amount is about 5%. based on the 
spectral area. 

The assignments of the subspecha for RTiFellC, are determined by the following 
considerations. (i) The relative areas of each subspectrum should roughly be equal to 
the probability of the binomial distribution of C atoms. (ii) Based on the sequence of the 
hyperfine fields for RTiFell and RTiFellN,, the hyperfine fields for RTiFel,C, are also 
considered to be in the order B&i) Bu(8j) > B&f). On the basis of those two 
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principles, the most suitable assignments of the subspectra for the carbides R = Y and Gd 
are shown in table 2, where the 82 in 82' represents an Si, Sj or S f  site and the superscript 
k represents the number of nearest-neighbour C atoms surrounding a particular z site. 

It is assumed that the C atoms occupy a 2b site in the ThMnlz structure, which is the 
same as for N atoms. The Si and Sj sites have one 2b site as their nearest neighbour and 
the Sf site has two 2b sites. According to the binomial distribution model, the probability 
of finding m C atoms in n nearest-neighbour 2b sites for a particular Fe site, P(m, n; x ) ,  is 
given by 

n! 
m!(n - m)! P(m,  n; x )  = x y  1 - xy-'" 

where x is the C concentration. The relative areas of the MUssbauer subspectra are. close 
to the probabilities P (m, n; x )  with x = 0.7. Hence, the C coneenhation is estimated to 
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Figure 5. Masbauer specba at m m  temperature and computer fitted curves for YTiFell before 
( U )  and after heating at various temperalures in C k  at two bars for one hour. (b) 400 T, (c) 
450 :Cc. ( d )  5W 'C  and (e) 550 T. 

be 0.7 and the chemical formula is written as RTiFellG,,. The value is consistent with 
x = 0.8(2) obtained from weighing. 

The adjacent C atoms have a large influence on the hyperfine parameters of an Fe 
nucleus. The hyperfine fields decrease with an increase in the adjacent C atoms. These 
properties are similar to those observed for the compounds Fe& and Fe,N,. For example, 
the average hyperfine fields are 20.8 and 18.OT for the isostructural Fe3C and Fe&, 
respectively [9]. Further, Mossbauer spectral analysis for FQN indicates that the hyperfine 
fields are 34.1 and 21.7 T for zero and two adjacent N atoms, respectively [IO]. In addition, 
the effect of the adjacent C atom on the hyperfine field is much larger for the 8f site than for 
the Si and Sj sites. The hyperfine field for the 8f site decreases by about 5 T per one adjacent 
C atom, whereas it  only decreases by about 0.3-2T for the other two sites. The increase of 
the isomer shift with adjacent C atoms can be athibuwl to the transfer of electrons. Since 
the electronegativity is much larger for C than for Fe, the C atoms have a tendency to attract 
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Table 2. Hyperfine parameten of RTiFellC, (R = Y and Gd) a1 room temperalure. Here BM 
is the hyperfine field, the quadrupole splitting and S the isomer shin (relative to a-Fe at mom 
temperature). A is the relative area of a M&ssbauer subspecbwn (*e loral area of a l l  subspecha 
is taken as 1) and P(m. n: x )  is the probability calculated from equation ( I )  with x = 0.7. 

Site Bv(T) r (mms- ' )  S(mms-') A P(m,  n; x )  

YTiFel IC, Si" 34.9(3) -0.26(2) -0.17(2) 0.08(l) 0.08 
Si' 34.0 0.09 -0.03 0.19(2) 0.19 

8j' 32. I 0.27 0.02 0.25(4) 0.26 
8r' 31.2 -0.29 -0. I9 0.03(2) 0.03 
8f' 27.5 0.65 -0.07 0.16(3) 0.15 
S f  22.2 0.68 0.20 0.18(3) 0.18 

8j" 34.3 -0.32 -0.25 O.Il(2) 0.11 

GdTiFei IC, Si" 34.2(3) -0.32(2) -0.14(2) 0.09(1) 0.08 
Si' 33.6 0.19 -0.09 0.20(2) 0.19 
8j" 31.6 -0.24 -0.24 0.11(1) 0.11 
8jl 31.3 0.14 0.08 0.23(3) 0.26 
SI" 31.2 -0.30 -0.19 O.M(I) 0.03 
8f1 26.2 0.50 -0.12 0.17(3) 0.15 
8f2 21.7 0.60 0.05 0.18(3) 0.18 

the conduction electrons of Fe. A decrease in the Fe conduction electrons when the number 
of adjacent C atoms increases will produce an i n c m e  in the isomer shift. In addition, it 
is also noted that the quadrupole splitting is negative for those subspectra that correspond 
to no adjacent C atoms and is positive for those subspectra that correspond to one or two 
adjacent C atoms. 

As compared to 23.1 T for YTiFell. the average hyperfine field for YTiFel I C, is 30.2 T, 
an increase of about 30%. However, this value is slightly smaller than the hyperfine field 
of 32.OT observed for YTiFeliN,. Similarly, the hyperfine field for GdTiFellC, is 29.1 T, 
which is slightly smaller than that for GdTiFeilN, but still is a 15% increase over that for 
GdTiFe I. 

4.2. Mossbauer spectra for YTiFe11 annealed in CHd at various temperatures 

Mossbauer spectra at room temperature for YTiFell powders after annealing at various 
temperatures in C b .  as well as for the original sample, are shown in figure 6. 

For the original sample and the sample after annealing at a temperature of 400"C, a 
good fit is obtained by using three subspectra, which corresponds to the three Fe sites in the 
ThMnlz structure. The hyperfine field is slightly larger for the sample annealed at 400°C 
than for she original sample. For the samples heated at 500 and 550 "C, the hypefine 
parameters are almost same within the experimental errors. The difference is only the 
amount of a-Fe, 6% and 18% for the samples annealed at 500 and 550 "C, respectively. 

For the sample annealed at 450 "C, the Mossbauer spectrum has the characteristics both 
of the original (at -4 mm s-' and +3.5 mm s-') and the sample annealed at 500 "C (at -6 
to -5 mm s-l and +5.5 mm s-I). It can be considered to be a summation of two spectra. 
The fitting method used is the following. A standard pattem, (y,)(i = 1,256). is set by 
using the hyperfine parameters of the sample annealed at 500 "C. The other pattem is given 
by three sets of sextets with Lorentzian line shapes 
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Figure 6. Hyperfine fields a1 each site for YTiFel I after 
heating a( various temperatures, 7.. in C b  at IWO bars 
for one hour. YTiiellN,). 

Fwrc 7. The dependence of the Curie temperature on 
the cell volume for Y'TiFellC, (the open circle is for 

where Li,j is aLorentz function with the following fitting parameters: intensity Aj, linewidth 
rj, hyperfine field HM, quadrupole splitting ~j and isomer shift 8,; xi is the channel number. 
Each sextet corresponds to one Fe site. Thus, the experimental spectrum, [ Y j ) f i  = 1,256) 
of the sample heated at 450 "C can be written as 

where E is the average background count and a is a pmpoltionality coefficient for the area 
ratio of spectrum y ( i )  compared to the total spectrum. A least-squares method was used 
to fit equation (3). From the fined results, the areas of the two spectra are 30 and 65%. 
respectively, and the area of the @-Fe spectrum is 5%. 

The hyperfine fields for the samples annealed at various temperatures are plotted in 
figure 6. The open symbols represent the hyperfine fields of YTiFellC, with significant C 
absorption. The hyperfine fields on a certain site are the same within the experimental mors 
for the samples annealed between 450-550 "C. The full symbols represent the hyperfine 
field of YlIFe, I with a small C absorptions. The hyperfine field increases for those samples 
with higher annealing temperature. For the sample annealed at 450 "C, there exist two sets 
of hyperfine fields. 

5. Discussion 

5.1. Volume changes and Curie temperatures 

The YTiFel, powders annealed in CH, at various temperatures have different cell volumes 
and Curie temperatures. The Curie temperature, T,, is plotted against the corresponding 
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cell volume, V ,  in figure 7. They are almost linear with a slope equal to 18.5KA-3, as 
obtained from a least-squares fit. A linear dependence of the Curie temperature on the cell 
volume was also observed for Y2Fel7CX and GdzFe17Cx [ 1 I]. 

Let p be defined as the ratio of the relative change of the Curie temperature to the 
relative change of cell volume, i.e. 

3 
When a slope of 18.5 KAA3, a Curie temperature of 523 K and a cell volume of 350A are 
substituted into (4) p is found to be 12.4 for YTiFelI and its carbides and its nitride. 

Experiments have indicated that the pressure dependence of the Curie temperature is 
linear for a series of RCo and RFe compounds [121; thus its slope, ATJAP, is a constant. 
Now p can also be given by the following formulae: 

1 

TC 
1 1  
Tc K 

p = --(ATc/AP)v(lVAP/AV)T 

p ----(AT,/AP)v 

where K = -[V(AP/AV)T)]-I is the compressibility of YTiFell. Hence, p is expected to 
be a constant for YTiFellC,. 

For a series of RTiFellN, and RTiFellC, compounds, the relative change of the Curie 
temperature, AT,/T,, is  plotted against the corresponding relative change of the volume, 
AV/ V, in figure 8. Most of the values are in the range between p = 10-16. If (ATJA P)v 
and K are assumed to be roughly constant for RTiFell isostmctural compounds, this result 
can reasonably be expected on the basis of (7). In fact, experiments have shown that p is 
roughly constant for other isostructural compounds; for example, p = 0 for We*, p = 6-7 
for %Feu and p = 11-13 for RZFel7 [12]. Figures 7 and 8 suggest that the enhancement 
of the Curie temperature is a volume effect in RTiFellC, and in RTiFellN,. 

5.2. Model of C absorption 

The dependences of the lattice parameters, Curie temperatures and hyperfine fields on the 
annealing temperatures are shown in figure 2(a) and ( b )  and figure 5,  respectively. There 
are two characteristics that are common to all three plots. First, for the samples annealed 
below 450 "C, the lattice parameters, Curie temperatures and hyperfine fields increase only 
a little as compared to these values for the untreated sample. YTiFell. For the samples 
annealed at or above 500 "C, these quantities undergo a large increase. Second, for the 
sample annealed at 450 "C, there exist two sets of hyperfine fields and x-ray pattems and 
two Curie temperatures. To account for the Massbauer spectra, and in order to calculate 
the C distribution in a spherical particle at equilibrium, a C absorption model will now be 
proposed. 

The samples annealed in 500 and 550 "C have sufficient C absorption to become 
homogeneous YTiFellC0.l. because seven subspectra rather than three spectra are required 
for a good fit. The increases in the hyperfine field and Curie temperature have their origin 
in the occupation of C atoms at the interstitial sites. The sample annealed at 400 "C has a 
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Figure 8. The dependence of the relative change of 
the Curie temperature on the relative change of Lhe 
cell volume for RTiFel I Cx and RTiFel I N.. (the data 
for lhe Curie lempcralure~ and cell volumes are taken 

Fire 9. DisVibution of C concenmtion in a spherical 
particle with x = 0.7.05 and 0.1 based on (8). 

f" [3. I3451). 

small C concentration. The chemical formula can be written as YTiFe,,G,.t, as determined 
by weighing. For this sample, the particle may have C absorbed only at its surface, because 
the Mijssbauer spectrum can be fitted very well using three subspectra, the same as the 
untreated sample YTiFelt. For the sample annealed at 450 "C, the Mossbauer specmm has 
to be fitted using two sets of patterns (see equation (3)). One set is similar to the spectra 
of the YTiFellCo.7, the other is similar to the spectrum of the YTiFell. From the areas 
of two sets of patterns, the average C concentration is estimated to be about 0.5, which is 
crnsistent with the result obtained from weighing. Thus, the average chemical formula is 
yTiFeltC,,.5. Apparently, the particle is not homogeneous on a microscopic scale and can 
be divided into two parts, one a shell with a rich C absorption and the other a core with a 
small C absorption. The volume of the two parts are 68 and 328, respectively, based on 
the relative areas of the Mossbauer subspectra. 

For a spherical particle, a solution of the diffusion equation for a constant concentration 
on the surface of the particle is given by 

where u(r, I )  is the equilibrium concentration at a distance r and at a time t ,  uo is the 
constant concentration at the surface of the spherical particle with a radius of ro at the 



.~ 
Struciure, magnetic properties and MBssbauer spectra of RTiFell C, 3037 

initial time, and is the diffusion length. Based on the above equation, three representative 
distribution curves of C atoms are plotted in figure 9. In the calculation, ro and uo are taken 
as 10pm and 1. respectively; the diffusion length e = (Df)''2, where D is a diffusion 
coefficient, is taken to be 3.0, 1.7 and 0.4 pm for the three distribution curves, respectively. 
These values correspond to average C concentrations of x = 0.70. 0.50 and 0.10. 

A particle may be divided into three regions, based on the slope, dc/dr, of the 
C concentration against the distance. In region I, the slope is constant, to a good 
approximation. In region 111, the slope is equal to zero. In region 11, the slope changes 
from a constant to zero. For the x = 0.5 distribution curve, the three regions have been 
marked in the figure. The volume and C concentration for each of the three regions have 
been estimated and the results are listed in table 3. 

Table 3. The relative volume. V (in %), and the C concenmtion (per fonnula unit) for the three 
regions of a spherical particle as based on the slope of the C concentation against the particle 
radius. 

V ( % )  c V(%) c V(%) c 
Region I 9 0.70 63 0.70 91 0.74 
Region II 38 0.12 35 0.18 9 0.32 
I 

Region Ill 53 0 2 0 0 0 

For Y'IlFellC~7, region I is above 90% of the total volume of the particle. Since the 
sample is annealed in an Ar atmosphere for five hours after heating in CH, at 500 "C for one 
hour, it  Seems that almost the whole particle belongs to this region. This region has sufficient 
C absorbed to produce a large increase in the lattice parameters, Curie temperature and 
hyperfine field For Y T i F e l l C ~ ~ ,  region I11 can be neglected because its volume is only 2% 
of the total volume. The C concentration is 0.70 and 0.18 for regions I and 11, respectively. 
Hence, there exist two sets of Mossbauer pattems and x-ray diffraction pattems and two 
Curie temperatures, one set for the high C concentration region and the other for the low C 
concentration region. The volume of these two regions is 63 and 35%. respectively, which 
is consistent with the 68 and 32% obtained from Mossbauer spectra. For YTiFe1lG.j. the 
regions U and I11 are 38 and 53% of the total volume, respectively. Since region U has 
a low C concentration (0.12). the difference of the lattice parameters, Curie temperatures 
and hyperfine fields between the regions I1 and ID is small. Hence, only a slight increase 
in these parameters are observed. Region I is less than 10% of the total volume, too small 
to be observed by x-ray diffraction. However, a minor MGssbauer pattem for YTiFellG.7 
might be detectable. Indeed, there may be another subspecmm visible at the wings of the 
specmm for YTiFel I Co.1, as shown by arrows in figure 5(b). These positions are just those 
for the first and sixth peaks for YTiFelIC,,7. The corresponding area is estimated to be 
about 5%. 

6. Conclusions 

First, the carbides RTiFellC, (R = Y and Gd) have been prepared by annealing powders of 
RTiFell in CH, at 500 "C. Their C concentration is about x = 0.7-0.8 on the basis of both 
weighing and Mossbauer spectroscopy. These carbides retain the crystal structure of their 
parents, but the cell volume expands by about 3%. 
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Second, the Curie temperatures increase by 175 and 100 "C for YTiFellG.7 and 
GdTiFellCo,,, respectively, as compared to those for their parents. The ratio of the 
relative change of the Curie temperature to the relative change of the cell volume, p = 
( A T c / T c ) / ( A V / V ) ,  is a constant (p  = 12.4) for YTiFellC, with various C concentrations 
and is in the range of IC16 for RTiFellC, and RTiFellN, (R = Y, Nd-Er). These results 
suggest that the increase in the Curie temperature is a volume effect. 

Third, YTiFel I heated at 500 "C in CHq for one hour and followed by annealing in an 
Ar atmosphere has a homogeneous C concentration. For the sample annealed at 450 "C, the 
particle consists of two parts, one with a rich C concentration and the other with a small C 
content. This leads to two sets of Mossbauer and x-ray diffraction pattems and two Curie 
temperatures. 

Fourth, Miissbauer spectra at mom temperature for YTiFellG.7 and GdTiFeg&7 show 
that the average hyperfine fields are 30.2 and 29.1 T. respectively, which is about a 30 and 
15% increase, respectively, as compared to their parents. 
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