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Modest magnetic moments of Ti impurities on the surface and in the bulk of K, Rb, and Cs films
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Thin films of Na, K, Rb, and Cs are quench condensed, then covered with 1/100 of a monolayer of Ti and
finally covered with the original host. The magnetization of the films is measured by means of the anomalous
Hall effect. An anomalous Hall resistanBA"'E is observed for Ti on the surface of K, Rb, and Cs and for Ti
inside of Cs. Essentially thR*"E varies linearly with the magnetic field and is inversely proportional to the
inverse temperature. A small nonlinearity R*E suggests a Ti moment of abouj .
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. INTRODUCTION (using what they call the LDAU formalism. Gud ob-
tained about 6.8 electrons for Fe ions in K, Rb, and Cs and
The properties of magnetic transition metal impurities in7.4 d electrons for Co ions in Cén an orbital-polarization
alkali metal hosts are a very fascinating field. There are onlygrrected relativistic spin-density functional calculajion
a few experimental investigations of these systémse- Recently in a beautiful experiment Gambarde#aal ®
cause the transition metal impurities do not dissolve in th%pp”ed x-ray absorption spectroscoi¥AS) and x-ray mag-
alkali hosts, and special low temperature preparation methnetic circular dichroism to investigate the electronic structure
ods must be applied. Rieget alt investigated the properties of Fe, Co, and Ni impurities on the surface of K and Na
of Fe in the alkali hosts Cs, Rb, K, and Li. These authorsijims, They concluded from their experimental results that
introduced magnetid impurities by nuclear reactions or re- Fe Co, and Ni ions in Na and K have localizddstates.
coil from nuclear reactions into the alkali metals. For theTheir conclusion is that the Fe ion is indd configuration,
investigation of the magnetic properties they measured thgye co ion in ad® configuration, and the Ni on K in d°
hyperfine fieldB(0) at the Fe nucleus in the temperature configuration. This conclusion differs from the interpretation
range from 20 to 350 K. These authors suggest that the gy Riegelet al, who found good agreement between their
atom dissolved in Cs, Rb, and K possesses its atomic elegyperimental results and a simple calculation of the hyper-
tronic structure for thel shell, which is a 8° configuration fine field. Gambardellat al. rediscovered our result that Ni
for Fe. In the following we call this the “atomic model.” The gn, the surface of Na is nonmagnetic, and their XAS spectra
resulting magnetic moment of the Fe is thepgs (We de-  gyggests a superposition oi3and 20°3d*° configurations.
fine the magnetic moment a8/ ug=gJ). A major claim by Gambardellat al. is that there is no en-
Our group used the method of quenched condensatiofancement of the @ moment in the alkali hosts, but we did
onto a substrate at helium temperature to obtain alkali film$ot find anywhere an experimental justification of this claim.
with d impurities. We investigated the magnetic moments ofoyr experimentally observed moments of 6xgrfor V ions
Fe and Co in thin Cs, Rb, K, and Na filfis’ The magneti- o the surface and in the bulk of K and Rb cannot be ex-
zation of the @l impurities was measured by means of thepjained by any ionic configuration of the V. A\ ion with
anomalous Hall effect. We observed giant magnetic momentg3 should have a moment Gfug while ad?* configuration
between 6 and g for Fe and Co on the surface of these should havel=0 and therefore zero moment. Without an
alkali films and even larger moments in the bulk of theseganhancement the localized model is completely incapable of
alkali hosts with up to 10g for K and Rb hosts. These explaining our experimental results.
observed moments are too large to be explained with the s far we observed only one nonmagnetic combination of
“atomic model” which yields a maximum moment ofifs. 3 3d impurity in an alkali host, the Na/Ni system where the
Even Ni impurities on the surface and in the bulk of K, Rb, Nj did not show a moment on the surface or in the bulk of
and Cs showed a moment of about 3uw4 The disagree- Na. There might be a similar chance for the absence of the
ment between our experiments and the atomic model becan?ﬁagnetic moment on the left side of the 8ow for Sc and
even more dramatic for the magnetic moment of V impuritiestj. Therefore in this paper we study the magnetic properties

in K and Na films> Here the atomic model predicts a very of Tj impurities on the surface and in the bulk of the alkali
small magnetic moment for the V @fug while our experi-  hosts Na, K, Rb, and Cs.

ments yield magnetic moments for the V in Na and on the
surface of K of about 5. From all these measurements we
conclude that the moments of the 3mpurities in the alkali
hosts are enhanced by polarizing the conduction electrons of
the host. However, this suggestion is at odds with spin- Since transition metal impurities do not dissolve in alkali
density functional calculatiorfs’ hosts one has to prepare the samples at low temperatures. We
Theoretically Henryet al® found ad” configuration for use the method of quenched condensation. The Na, K, Rb,
Fe ions in different alkali hosts in a cluster calculation andand Cs films are evaporated from alkali dispensers made by
Solovyevet al® arrived at ad’ configuration for Fe in Rb  SAES-Getters. The quartz substrate is at He temperature, and

II. EXPERIMENTAL RESULTS
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FIG. 1. The nonlinear part of the Hall resistanceRY*

=RYX(B)—B [RYX(7 T)/7 T] for a pure K film. FIG. 2. The initial slope of the total Hall resistance as a function

of 10/T (squaresfor a K film with Ti surface impurities.
the ultra high vacuum is better than 18 Torr. The prepa-
ration of our film samples is generally performed in threeK/Ti film is plotted versus the inverse temperatureTL0The
steps. First the alkali host film is quench condensed onto &xperimental points lie on a straight line. The extrapolation
crystalline quartz plate and then annealed to 40 K. The filml/T—0 yields the derivative of the normal Hall resistance
thickness is chosen so that the resistance per square is of tH&/dB while the temperature-dependent part represents
order of 10@) after annealing. The thickness lies in the rangethe anomalous Hall resistan¢dHR) which is proportional
between 5 and 10 nm. Then the host is covered with aboup the susceptibility. The extrapolated value of tfeitial
0.01 atomic layer of Ti. In the third step the Ti is sandwichedslope of the¢ normal Hall resistance agrees by better than
with about five atomic layers of the alkali host. In some 0.5% with the normal Hall resistance of the pure K film. The
experiments a submonolayer of Fl01 to 0.2 atomic lay- extrapolated normal slope allows a separation of the normal
ers is condensed prior to the first alkali film or on top of the and anomalous Hall resistance. We define the normal Hall
sandwich(This is done to introduce a strong spin-orbit scat-resistance as a linear function of the magnetic fiel{f(B)
tering. Then the magnetoresistance measurements togethe(dR’*/dB)B.
with the theory of weak localization permit the determination  The inverse temperature dependence of the initial slope of
of the magnetic scattering of the Ti impuritigst) Details of  the AHR RAHE (which is proportional to the susceptibiljtis
the film preparation are discussed in former papérs. the typical behavior of a free magnetic moment. The magni-
After each condensation the magnetoresistance and Hallide of the AHR is remarkablet & K the initial slope is of
resistance of the film are measured in the field range betweehe order of 20% of the normal Hall resistance slope.
—7T<B<+7T at several temperatures: 5, 6.5, 9.5, 14, and In Fig. 3 the anomalous Hall resistance of the K/Ti film is
20 K. From the Hall resistance we determine the initial slopeplotted as a function of the magnetic field for five different
dRY/dB atB=0. temperatures. On this scale the AHR and therefore the mag-
We first describe the experimental results for the systenmetization are proportional to the applied magnetic figld
K/Ti/K. For the pure K film the Hall resistance is nicely The linear field dependence allows the conclusion ¢hahe
proportional to the magnetic field. For the pure K film this Ti impurities have a magnetic moment afigl this moment
initial slope dRY/dB is temperature independent within is not a giant moment.
0.5%. There is, however, a small but finite deviation from

linearity.

To make the nonlinear part of tfanomalousHall resis- ZEK
tance visible we subtract the linear part of the Hall resistance 1.5+ e . 9.5K
through the 7 T point of the Hall curvB [RYX(7 T)/7 T]. + 140K
This yields for the nonlinear Hall resistandeRY*=RY*(B) a K/Ti // 200
—B [RYX(7 T)/7 T]. This small but finite nonlinear Hall re- S 1.0
sistanceARY* is plotted in Fig. 1 for five different tempera- o
tures as a function of the magnetic field. The relative nonlin- *

earity ARY/RY*(7 T) [the maximal deviation from linearity
divided by R¥X(7 T) at the maximum field of 7 Tis rather
small, less than 10103 for the discussed K film. Further-
more the nonlinearity is almost temperature independent.

When the K film is covered with 0.01 atomic layers of Ti °'°0 2
the initial slope changes dramaticalti/R¥*/dB depends now
linearly on the reciprocal temperaturerl/in Fig. 2 the ini- FIG. 3. The anomalous Hall resistance of Ti impurities on the
tial slopedRY*/dB of the experimental Hall resistance for a surface of a K film for different temperatures.
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FIG. 6. The initial slope of the total Hall resistance as a function
FIG. 4. The nonlinear part of the Hall resistan@eR™  of 10/T (squaresfor a K film containing bulk Ti impurities.
=RYX(B)—B[RYX(7 T)/7 T] for Ti impurities on the surface of a K
film. The full curves are calculated with=1, g=0.88. 6 the dRV¥/dB is plotted as a function of 10/ It yields a
_ ) reasonably straight line with about half the relative tempera-
_However, the linear AHR does not permit one to deter-y,re dependence as for the K/Ti film. This demonstrates that
mine the agtual size of the moment. Fpr this we have to turjgne Ti impurities in the bulk of K are also magnetic.
to the nonlinear part of the AHR. In Fig. 4 we have plotted  The magnetic character of the Ti impurities is confirmed
AR=R"{(B)—B [R"(7 T)/7 T] as a function of the mag- py magnetoresistance measurements. In Fig. 7 the magne-
netic field. According to the definition oAR" the data gresistance of the pure K film, the K/Ti and K/Ti/K are
points return to zero @=7 T. One recognizes that there is piotted for 5.0 K. The different curves have the same con-
a clear nonlinearity in the experimental data, although it isyyctance scalévhich is the natural scale for weak localiza-
smaller by a factor 30 than the linear AHR. Below we aretjon). The points are experimental points. The full curves are
going to use this nonlinearity to analyze the size of the magnymerically calculated and composed of weak localization, a
netic moment of the Ti impurities. N small contribution from a quadratic magnetoresistance and a
When the K/Ti film is covered with additional K the non- | orentzian curve. The latter contributes only at large fields.

linear behavior of the Hall resistance degenerates. In Fig. ¥he width of the magnetoresistance is proportional to the
the nonlinear Hall resistance is plotted for different tempera-

tures. ThisARY* is composed of thARY* of the pure K film
(see Fig. 1 and an additional Ti contribution. Both terms K Ti IHWA
appear to be of the same order of magnitude. There is a small -
temperature-dependent contribution but it is only slightly
larger than the scattering of the data. The new nonlinearity is
at least an order of magnitude smaller than AY* of the

K/Ti film. On the other hand, there is still a large temperature
dependence of the initial slope of the Hall resistance. In Fig.
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FIG. 7. The magnetoresistance curves of a pure K film, a K/Ti

FIG. 5. The nonlinear part of the Hall resistanceRY* film with 0.01 atomic layers of Ti on the surface, and a sandwich of

=RYY(B)—B[RYX(7 T)/7 T] for Ti impurities sandwiched between K/Ti/K where the 0.01 atomic layer of Ti is covered with about 5
two K films (bulk impuritie9. atomic layers of K.
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FIG. 8. The nonlinear part of the Hall resistanceRY* I
=RY¥(B)—B[RY(7 T)/7 T] for a Cs/Ti/Cs sandwiclibulk Ti im- o _
purities. The full curves are calculated with=1, g=1.0. < T=5K

sum of inelastic dephasing and the magnetic scattering rate 0.6 -0.4 0 04 08 B(T)
due the Ti impurities. One can easily detect the dramatic FIG. 9. The magnetoresistance curves of a pure Na film, a Na/Ti
increase in the width of the magnetoresistance due to the Tilm with 0.01 atomic layers of Ti on the surface and a sandwich of
impurities. These measurements prove that the Ti is magnetNa/Ti/Na, where the 0.01 atomic layer of Ti is covered with about
cally active on the surface and in the bulk of K. five atomic layers of Na. The full curves are calculated with the
The experimental results for the Rb host with Ti impuri- theory of weak localization.
ties are qualitatively identical with the results for the K-Ti
system. We observe a strong temperature dependence of tgnplest case is the “free spin model” having a free mag-
initial slope of the Hall resistance which follows arllaw.  netic moment with a total angular momehtand a Lande
The nonlinearityAR¥* is of the same order of magnitude on factor g, whereJ is a multiple of3. When the @ electrons
the surface. In the bulk the nonlinearity is strongly reducedstrongly hybridize with the conduction electrons one obtains
and the Ti causes a similar broadening of the magnetoresishe resonance model of a magnetic impurity. Its properties
tance curves as in the K host. are very complex because at sufficiently low temperature it
For the Cs film covered with 0.01 atomic layers of Ti we forms a nonmagnetic singlet state due to the Kondo effect.
again observe qualitatively the same behavior as for the KAbove the Kondo temperature one often uses the mean field
and Rb films covered with Ti. However, bulk Ti impurities solution of the Friedel-Anderson resonance model as a
behave differently in Cs than in K and Rb. In Cs/Ti/Cs sand-guide**3 Further complications can arise from crystal field
wiches the nonlinearity of the Hall resistana®’* does not  effects(The effect of the crystal field in alkali hosts has been
collapse as for the K and Rb hosts, but it is similar to that forruled out by Riegekt all)
Ti on the surface of Cs. This is shown in Fig. 8 whe&yBY* Since the AHR(and therefore the magnetizatjoare es-
is plotted as a function of the applied magnetic field. Onesentially linear in the magnetic field the magnetic Ti impuri-
recognizes the same pattern as in Fig. 4 for Ti on the surfacgies are only partially aligned, even in the field of 7(The
of K. It appears that in the Cs host the magnetic state of th&i impurities are in the low field limi).As we see below, the
Ti impurities survives the coverage with the host better tharexperiments yield for each system two key pieces of infor-
in K and Rb. mationdR"/dB andARY", the (temperature dependence of
The Na host on the other hand does not support the maghe) initial slope and the nonlinearity. Since one parameter is
netic state of the Ti impurities, neither on the surface nor imeeded to determine the amplitude of the AHR, i.e., the pro-
the bulk. The Ti impurities do not induce a temperature deportionality constant between the individual moment and its
pendence of the Hall resistance. The Ti impurities cause onlgontribution to the AHR, there is only one additional param-
a slight broadening of the magnetoresistance. The magneter left to be determined. Therefore in our evaluation we use
toresistance curves for Na, Na/Ti, and Na/Ti/Na are shown ifhe “free spin model” of a free magnetic moment. Its prop-

Fig. 9. The experimental data are represented by the pointgrties are described hyandg whereJ can take the values

and the full curves are theoretical curves calculated with thg 1, 2 2 ... It will turn out that our evaluation yields a
theory of weak localization®** They will be discussed be- relatively well determined value for the magnetic moment. If
low. future theoretical or numerical structural investigations yield
a different model then it will be relatively easy to translate
Ill. EVALUATION AND DISCUSSION the results of our evaluation into such a model.

It should, however, be emphasized that our experimental
The electronic structure and the magnetic properties ofesults yield a strong support for the free moment behavior
magnetic impurities in a solid can be very complex. Thebecause of the inverse temperature dependend&67dB.
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Theoretically the normalized magnetizatioand AHR of d RAHE g(J+1)up
free magnetic moments are given by the Brillouin function fi=T dB =aaHE 3Kg '
2J+1 2J+1 1 1 _ T3A RAHE
_ fu=T°AR™5(B,,,T)
B;(x) 5] cor‘( >3 X ZJCOtr(ZJ ) ni ) m
where =aauegge(J+1)(207+ 23+ 1)g ( ) (7[T)°
~ 9JupB are temperaturéand field independent and therefore con-
"~ kgT stant. In the ratio
andg is the Lande factorug the Bohr magneton] the total fu  TPARME(B,)  TPAB;(Xp)
angular momentum, an#lg the Boltzmann constant. For f_l_ dRAHE ~_dB;y(X) dx
smallx the Brillouin function can be expanded in powers of T Y
. . dB |, dx | dB
X. The linear part is B=0
the proportionality factoa,ne cancels. We form the ratio of
B(l)( X)= 1J+1 _ 9(J+1)ugB the two constanftemperature independerierms
3] 3kgT o3
and the cubic term is fu (J+ 1)(23%+23+ D—59 ( ) (7[TD)?
n
1 (3+1)(23%+23+1) fy K
By ) — — 3 — —
Our maximum field ofB=7[T] corresponds to axg 135f(2J2+23+ 1)g ( ) (7[T])3
value with xo=gJug(7[T])/kgT which depends on the
temperature(The units for T and K are inclosed by square 1
brackets to avoid confusion with the temperajure —v3(0.67172273(23%+ 23+ 1)g*[ TK?]
For a comparison with our experimental nonlinearity 135
ARY we have to subtract froB{)(x) the linear contribu- = (2J2+2J+1)g?(1.9856 T K2])
tion (x/x0)B$(xo). This yields
~(2J2+2J+1)g%2[TK?],
2
AB,(x )_ 1 (J+1)(ZJ +2‘J+1)( x2x—x3). where the factor 2[TK?] approximates the value

J3 V3 (ug/kg)? (7[T])3=1.9856] T K2]. We obtain a rela-

. . . . tion between) andg:
This function vanishes at=0 andx= X, as required. It has g

its maximum atx,,= Xo/v3. The value at the maximum is
2(2J2+2)+1)g?*=
V3 (J+1)(23%+2J+1) '
ABJ( m) 3

405 J3 Xo - [ f.0f
The maximum of the nonlinearity at /v3 corresponds to a g 2(23°+23+1)

magnetic field oB,,=7[T]/vV3~4.04T.

InsertingXx, yields A. Amplitude
1 The amplitude of the AHR can be obtained from the linear
ABy(B,)= 405(J+1)(232+2J+1)g ) (7[T])° =2 expansion of the Brillouin function
B

dRARE J+1
The value of the maximum should vary with temperature T—:aAHEu_
aST_3. dB 3kB

The magnetization and the experimental AHR are both

proportional to the Brillouin function, each with a constant aAHE:?’—f'_
(temperature and field independefactor. For the AHR this (J+1) HMB
means that 9 kg
AHE gJugB Experimentally for the K/Ti system with the Ti impurities
R™S(B,T)=aaneB; “keT on the surface of the K we find that the derivative of the

AHR with respect to temperature is indeed inversely propor-
We define a linear and a nonlinear facfpandf,,,. Both can tional to the temperaturdR*"€/d T 1/T, as Fig. 2 demon-
be determined experimentally. The two expressions strates. To demonstrate the constancy of the term
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Ve TABLE Il. For J=1 the Lande factog, the magnetic moment
8- u, and the amplitude of the AHR are calculated from linear and
. nonlinear behaviorf; andf,,, of the AHR.
. 67 KIi K/Ti Rb/Ti Cs/Ti Cs/TilCs
= % g 0.88 0.74 1.1 1
Y 41 P wlug 0.88 0.74 1.1 1
S / amp () 0.67 0.65 0.57 0.16
2] / fi [QK/T] 0.13 0.217 0.28 0.0707
| f [QK3] 1.0 1.3 3.4 0.7
K_TiK__IH1d
O-F’/ T T T T T
0 2 4 6 8 10
(10 (K®) The atomic model predicts for Ti" impurities with twod

electrons the following valuesl=2, g=3%, and u=3pug.
FIG. _10. The maximum value cmi_RyX at differept temperatures The resonance model of Friedel and Andergaith sup-
for a K3f||m covered with 0.01 atomic layers of Ti as a function of pressed orbital angular momenturallows for a magnetic
(10/m)°. moment between 0 anduz; and a Lande factor of 2. In this
case the atomic model is in reasonable agreement with the
T3ARME(B,) we plot in Fig. 10 the maximum of the non- experimental results.
linear Hall resistancé\RAME(B,) versus (107)3. One ob- Our experimental results show a well developed nonlinear
tains a reasonably straight line through the origin. The twaHall resistance for Ti on the surface of K, Rb, and Cs. For Ti
plots give the following valuesf,=T3ARME(By)=3.7  within Cs we obtain similar results. For all these systems we
x1073x6.5°=1.0[QK? and f,=T(dR*"E/dB)|zg_, perform the above evaluation. They show very similar re-
~0.13[ QK/T]. This yields sults. Again the moment depends only a little on the choice
of g. In Table Il we collect the data faf=1 which yield the

W characteristic magnetic moment.
9= N227+23+1)

C. The N&Ti system

B. Magnetic moments In the Na/Ti system we do not observe an AHR.
We obviously obtain for a gived a Lande factor and a
magnetic moment. We evaluate the Lande factor, the total D. Sign of the anomalous Hall resistance

momentu =Jgug and the amplitude of the AHR for half o 4 the alkali host with @ impurities that we investi-
integer values of in the range from; to 2. In Table | the  ga464 50 far the sign of the AHR was negative. This includes
resultingg values and magnetic moments for different valuessq/re cs/Co. K/Fe. K/Co. K/V. Rb/Fe. Rb/Co. Na/Fe. Na/
of J are collected. Co, and Na/V. Only in the Na/Ni system there was no AHR
Larger values of yield smaller values fog. ForJvalues 4 51 not even a dephasing of weak localization. In contrast

between 1 and 2 the magnetic moment is of the order of ong . Jbserve for Cs/Ti. Rb/Ti. and K/Ti a positive AHR
Bohr magneton and depends only weakly on the total angular ' ’ '

momentum. We conclude that our experimental results sug-
gest a magnetic moment of the Ti impurities of about one E. Ti inside of K and Rb films

Bohr magneton. The full curves in Fig. 4 are calculated with As a comparison between surface and bulk effects. Fias. 4
J=1 andg=0.88. If one considers the agreement between P  11gS.

. . . R
the experimental points and the full curves not as perfectand 5 show that the nonlinearity of the Hall resistade/

L . P trongly reduces when the Ti impurities on the surface of K
gg]zlrasnf; ;fig,'a” mind that the relative deviation is very:re covered with additional K. Our interpretation of Fig. 5 is

that the nonlinear part of the anomalous Hall resistance is
reduced by a factor 10 or more and is therefore no longer
TABLE |. The total angular momentum, Lande factor and mag-p ¢y |arger than the nonlinear part of the Hall resistance of
netic moment of the Ti impurities on the surface of KéIim. aaqe the pure K(which is reduced by about 25% due to the in-
is the saturation amplitude of the anomalous Hall resistance. crease of the thicknessVhat we see in Fig. 5 is the super-
position of the(reduced ARY* of Fig. 1 and a much smaller

) 9 H e (O] nonlinear AHR. The reduction of the latter can only be esti-
1/2 1.24 0.62 0.31 mated; it is reduced by a factor of about 10 to 20. This means
1 0.88 0.88 0.33 that the Lande factor and therefore the magnetic moment of
3/2 0.67 1 0.35 the Ti is reduced by roughly a factor of 4. This may not be
2 0.54 1.08 0.36 the only possible interpretation of the experimental observa-

tion but it appears to be the most natural one.
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IV. CONCLUSIONS electron density is reduced in the alkali hosts this could ex-
The properties of Ti impurities on the surface and in theplaln the finite moment for the K, Rb, and Cs hosts. The

bulk of Na. K. Rb. and Cs films are investioated by means 0f:)bserva\tion of two rather different moments on the surface
the anoméloﬂs I—iall effect and the ma n%to—resiztance Thand in the bulk of K and Rb might be somewhat unusual but
9 : ot out of line. The fact that a magnetic moment forms easier

Q;Eelﬁcﬁ;%ﬁ);rr?g?ﬁétfonrﬁliﬁfz%ge%iz?ragzr%ézeo: tlf?:a psuljlrtflzseon the surface than in the bulk is well establishetf The
and in the bulk of K, Rb, and Cs films possess a free magmcreased tendency toward magnetism in going from Na to

netic moment as demonstrated by the inverse temperatucs is confirmed. However, the properties of the Ti impurities

dependence of the initial slope of the anomalous Hall resis"—ﬁ the alkali hosts differ quite dramatically from those of
P b ther 3 impurities. For V, Fe, and Co impurities we ob-

tance. Ti on the surface and in the bulk of Na films does noP

possess a magnetic moment but does show a small dephas.serve{j in the past magnetic moments pigfor more. For Ni

in
of weak localization. The latter is probably due to spin ﬂuc_mng, Rb, and K the evaluated moments were of the order of

tuations. From the nonlinearity of th@nomalous Hall ef- 34y . (The only exception was Ni on the surface and in

fect we obtain an estimate of the size of the magnetic mo'Ehe bulk of Na which was nonmagnelidherefore the Ti

ment. Within the “free spin model” of magnetic moments we results are n.ow'r'ather an exception than the ruI.e.' .
obtain about one Bohr magneton for Ti impurities on the Another S|gn|f|canf[ _dlfference be“’vee.” the Ti Impurities
surface of K, Rb, and Cs and for Ti impurities in the bulk of '°.‘”d V. Fe, CO_’ and Niin t_he systems which have been_ Inves-
Cs. In the hosts of K and Rb thibulk) Ti impurities produce _t|gaFed so far 1S that t_h_e sign of the arjgmalous HaII_ resistance
a much smaller nonlinearity of the AHR. We interpret this '° d|fferen_t. Ti impurities yield a positive AHR' This repre-
difference as a reduction of the Ti morﬁent by roudhl asents an important clue about the electronic structure of the
factor of 4 y 9y 84 impurities in the alkali hosts. Unfortunately our micro-

This behavior of Ti impurities on the surface and in the SCOPIC understanding of the electronic and transport proper-

bulk of alkali films is another example that the electronic andtIeS of alkali hosts with 8 impurities is not yet sufficiently

magnetic properties of@impurities are not the same on the de\g&?egguﬁ?sﬁgag ttn(': tlr:gg?(:t%;?nc.hallen e At the present
surface and in the bulk of a host. For K films with V impu- ge. P

rities we observed a similar behavior. It shows that one hag[nien tt?f tgiio:etlcgl agdtinutl)mralrlt\:/?lrc(;a‘:%atltarir;is C?r:]?r? tex-
to be careful in extrapolating from the surface to the pulkP !N this CIVErse magnetic behavio purities €

; alkali hosts.
behavior.

If these experiments had been the first measurements of a

3d impurity in alkali hosts then the observed moments
would be essentially in line with our expectations. Ti impu-  The research was supported by NSF Grant No. DMR-
rities have no moment in the noble metal hdétSince the  9814260.
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